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Abstract

Background: Safety has affected the productivity of many industries, including the nuclear power, oil and gas, and railway
industry. Resilience engineering is a new field in safety science. This study investigated the dimensions that contribute to
safety culture and resilience and their relevance in petrochemical industry. Methods:This is a descriptive-analytical study.
At first, a questionnaire was used to assess the level of safety culture in twelve dimensions. Then, a six-factor resilience
engineering questionnaire was administered. Data were analyzed in SPSS 19 and EXCEL software programs using
statistical tests such as the correlation coefficient. Results:The mean safety culture score was 290(43.2). The lowest score
was related to the training indicator and incident and near-miss reports. The mean score of the resilience index was
201.5(25). The lowest score was related to the learning and reporting culture index. There was a significant correlation
between the safety culture score and resilience engineering score (P=0.003). The results also showed that the score of
safety culture and resilience increased with age and experience. Conclusion: Safety culture and resilience are correlated
directly, implying that individuals and organizations can become more resilient by increasing levels of safety culture.
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Introduction

ccidents in process-based industries such as

petrochemical plants can lead to substantial

loss of life and assets. Besides, they can be
detrimental to the environment." In the heart of
accidents are factors such as insufficient education,
poor safety culture, and lack of organizational
resilience.” > Studies show that the highest number
of work-related deaths in Asia is due to accidents in
the working environment.” Safety is the most
fundamental organizational principle for which

management plays an important role, especially in

highly complex and extensive organizations that are
counted as critical industries.” The safety culture
involves the application of safety values, effective
and useful attitudes, the creation of a healthy and
safe working environment, and the administration
of laws, systems, and management methods.® The
safety culture has been considered an active
indicator in modern safety literature and an
important and fundamental solution to controlling
accidents.” The ten indicators of safety culture are

based on the HSE health and safety climate survey
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questionnaire. They include 1) the status of
education and competence, 2) production versus
safety preference ratio, 3) communication status, 4)
the status of workers' participation, 5) accidents
and near-misses, 6) organizational and managerial
commitment, 7) status of production line
supervisors and managers, 8) status of occupational
safety and health rules and regulations, 9) status of
neglect of occupational safety and health rules and
regulations, and 10) overall attitude.®®

Resilience means elasticity and flexibility. In the
field of safety, resilience denotes an organization's
potential and inherent ability to regulate its
performance before, during, and after changes or
events in the organization so that it can withstand
accidents and perform its functions. Highly
vulnerable organizations are not resilient and are
considered as vulnerable systems.'” Resilient
engineering (RE) is a new organizational approach to
measure and maintain safety in complex systems
such as process industries, oil and gas industries, and
petrochemical plants.!" Safety management systems
must be both forward-looking and passive, which is
exactly the case in RE. In fact, an organization must
be completely resilient both before and after
accidents.'? To evaluate resilience, six indicators have
been proposed by Hollnagel, including management
commitment, reporting culture, learning culture,
awareness, preparedness, and resilience.'”” Beheshti
et al. point to the Connor-Davidson's resilience
scale in religious beliefs.'" Building on a 10-item
questionnaire to assess safety culture, a 2007 study
by Silva et al. found that unsafe behaviors, accidents,
and severity of accidents decrease as safety culture
score increases .'” Rabiee highlighted the relationship
between patient safety culture and demographic
parameters.'®

Studies have shown that organizational factors,
especially in complex systems, underlie accidents.'”
Since the petrochemical industry is among complex

systems, organizational indices such as resilience

and safety culture are effective. This study aimed to
investigate the organizational safety culture and
resilience indicators in the petrochemical industry
and the factors affecting resilience. The findings can
be used to identify weaknesses, reduce accidents,

and improve the organization's safety.

Methods

The present study was conducted descriptively in
a petrochemical industry over a period of 18
months. The total number of employees was 538.
In this study, the sample comprised industry

executive staff, who amounted to 300 people.

Step 1. Safety culture measurement

The Nordic Questionnaire and HSE Standard
Questionnaire hold 87 questions (9) in ten main
dimensions with validity 0.89, which include: 1-
Training, 2- Production preference over safety, 3-
Safety communication, 4- Employee safety
participation, 5- Management safety commitment
and organization, 6-Accidents and near-misses, 7 -
The status of supervisors, top managers, and
managers of the production line, 8 - The status of
ignoring safety rules and regulations, 9 - The status
of safety rules and regulations, and 10 - The general
attitude of employees to safety. Demographic
information concerning age, tenure, history of
accidents, and education level, among others, were
enquired. The questionnaires were filled out by the
workers, and wherever they had difficulty
understanding an item, the researcher was present
to explain. Also, if the researcher noticed that a
respondent had failed to answer an item, he asked
him/her to answer the question. The questionnaire
was built on a five-point Likert scale to assess the
safety culture, ranging from "I completely agree” to
"I completely disagree." The following equation
was used to use the Safety culture score:
5k +k

2

M =
(1)
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M-=average

k=number of questionnaire questions

Step 2. Industry resilience measurement

The 60-item Resilient Engineering Questionnaire
in six main dimensions with validity 0/92
was employed. The dimensions comprised 1)
management commitment, 2) learning culture, 3)
knowledge, 4) flexibility, 5) emergency preparedness,
and 6) reporting culture.'" Demographic questions
were exactly similar to those of the safety culture
questionnaire. Similarly, the way to complete,
monitor, and score the items was followed
accordingly. After the data were collected, the results
were analyzed in SPSS-19 and Excel software using
statistical tests, correlation coefficient test, linear

regression test, and the independent t-test.

Results
The safety culture score was 290(43.2). The

mean score of the resilience index was 201(25.5).
There was a significant relationship between safety
culture and item Resilient Engineering scores (P =
0.003), meaning that the higher the safety culture
score, the higher the resilience score and tolerance.
Table 1 displays demographic characteristics and
their relationship to safety culture and resilience.
Also, the average scores obtained from the ten items

of safety culture were mentioned in Table 2.

Findings concerning the relationship between
safety culture and age showed that the safety culture
score increased with age (correlation coefficient:
0.527, P = 0.004). The results of the independent t-
test indicated that Accident history had an impact
on the safety culture score (correlation coefficient:
0.635, p = 0.002). The relationship between safety
culture and education using the one-way analysis
of variance showed that education did not have
a significant effect on the safety culture score
(P =0.87). Table 3 lists the average scores obtained
from the six cases of resilience.Resilience and age
correlated positively and significantly (correlation
coefficient: 0.660, P = 0.002).

The results of the independent t-test for those
who were involved in an accident indicated that the
Accident history affects the resilience score
(correlation coefficient: 0.521, P = 0.001). The
relationship between safety culture and education
using the one-way analysis of variance showed that
increased education had a significant effect on the
resilience score (correlation coefficient: 0.578, P =
0.003). There was a significant relationship between
the safety culture score and resilience engineering
score (correlation coefficient: P = 0.951, P = 0.003),
meaning that the higher the safety culture, the
higher the resilience and tolerance in the

organization and individuals.

Table 1. Demographic characteristics and their relationship with safety culture and resilience

Correlation with Correlation with
L P-value - o . P-value
coefficient resilience resilience coefficient

Correlation with Safety culture

Mean (Standard deviation) safety culture

Age(year) 271(9.37) Yes 0.527 0.004 Yes 0.660 0.002
Tenure 10(6.77) Yes 0.436 0.0005 Yes 0.715 0.006
Education Primary education to master’s No - 0.87 Yes 0.578 0.003
Having accidents 1{4.083) Yes 0.635 0.002 Yes 0.521 0.001
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Table 2. Mean scores obtained from the ten items of safety culture

Items Obtained Desirable mean Standard Probability Evaluation
mean scores scores deviation value result

Education 18.02 21 6.69 0.523 Undesirable
Preference for production and safety 16.03 15 5.67 0.000 Desirable
Communications 19.24 18 5.54 1.010 Desirable
Employee participation 17.34 15 413 0.036 Desirable
Reporting accidents and near-misses 22.35 24 6.42 0.042 Undesirable
Management commitment 46.74 42 10.42 0.007 Desirable
The commitment of supervisors and 22.32 18 4.98 0.002 Desirable
managers
Safety rules and regulations 36.15 24 10.45 0.004 Desirable
Ignoring safety rules 12.49 9 3.53 0.30 Desirable
General staff attitude 80.23 57 7.35 0.001 Desirable

Table 3. Scores obtained for the six resilience domains

Items Obtained mean Desirable mean Sta_nde_er Probability value  Evaluation result
scores scores deviation
Learning culture 24.08 30 8.09 0.087 Undesirable
Awareness 32.93 30 4.399 0.000 Desirable
Flexibility 45.33 30 4.08 0.014 Desirable
Preparedness in emergencies 33.94 30 3.78 0.028 Desirable
Management commitment 42.03 30 5.82 0.01 Desirable
Reporting culture 23.38 30 9.21 0.008 Undesirable
Discussion people have a more positive safety attitude due to
Petrochemical plants are among the most more experience and fewer job opportunities.”” A

complex and unpredictable technical industries and
systems, where the staff may face many risks as the
number of these critical industries increase.'®
Hence, by creating a culture of safety and RE, we
can control and reduce the existing risks and
accidents."” The average scores of the safety culture
and resilience of individuals were 290 and 201,
respectively, which is evaluated as positive. From
the ten dimensions of safety culture, the training

and

dimensions were lower than the desired levels and

reporting of accidents and near-misses

are considered undesirable. From the six
dimensions of resilience, learning culture, and
reporting culture were found undesirable, which
can indicate the direct relationship between safety
culture and resilience in an organization. In this
study, a direct relationship was identified between
safety culture and age. Similar findings have been
reported regarding the age-dependency of safety
attitudes among Hong Kong construction workers.

This can also be attributed to the fact that older

study by Rabiee et al. showed that there was a
significant relationship between safety culture and
work experience.'®

The results of the average safety culture score in
this study are evaluated positively. The results of
safety studies conducted by Ferndndez et al. in
several factories with less than 50 staff report a
positive evaluation. In these studies, the three basic
keys to the organization's safety culture were
management commitments, workers' participation,
and safety management systems. The results of the
study showed that if managers have supportive
commitments and requirements, the staff is more
inclined to safety. These results of the current study
are consistent with those of Ferndndez et al. 's
study.”’ A study of the relationship between
accident rates and safety culture of 212 coastal
workers and divers in the United Kingdom's oil and
gas industry, conducted by Ase et al., showed that
divers obtained lower safety culture scores than

workers, which justified the higher rate of accidents
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for divers. The study also found that there was no
significant relationship between safety culture and
increased education.”

The current study found that learning culture was
low and undesirable. Findings from similar research
suggest that learning is one of the most important
aspects of RE. Therefore, training should be done
regularly, internally, and appropriately so that the
desired impact can be achieved.” In a study, Yousefi
et al. noted the psychological resilience ability in the
military and civilian industries and used the resilience

. .24
questionnaire.

Conclusion

Given the novelty of resilience engineering, methods
to quantify this approach should be expanded
accordingly. Although several methods have been
developed for evaluation in recent years, none of these
methods have been used in RE to determine the
acceptable level of resilience in the process under study
Safety culture is also one of the important issues that is
mentioned in organizations today. In general, this study
measured the safety culture and resilience and showed
that safety and resilience culture are directly associated.
Accordingly, it is possible to increase the individualistic
and organizational resilience by enhancing the level of
safety culture. Whenever an organization is turned
resilient, it is possible to prevent accidents and its

possible consequences in large and complex industries.
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