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Abstract
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The aim of the present study is to use a combined approach of IPA and fuzzy
MADM to study the components of mental workload based on safety culture Safety Culture
indicators in employees of visual terminals. In this study, effective indicators

Mental Workload
of workplace safety culture have been evaluated to assess the mental workload
components of employees at the visual terminal of the refinery, so that effective Performance-Importance
measures can be taken to reduce mental workload and increase employee safety. Analysis

Therefore, the research is developmental in terms of its purpose, and given that
a case study is considered, the research is descriptive in terms of its method. In
the present study, after reviewing previous studies, indicators and sub-indices Decision-Making
related to safety culture were extracted, and the desired components were

identified to study mental workload. Based on the theory of possibility and

probability, and considering that the decision-making problem is solved in an

uncertain space where data is not distributed and the adequacy of data is not

relevant (there is no historical data), the use of probabilistic methods is not

possible. For this reason, fuzzy multi-indicator decision-making has been used.

The results indicate that, given the role of the leadership indicator in safety

culture and its high importance and low performance, supervisors of visual

terminals should focus on appropriate measures and pay attention to observing

and implementing the relevant elements and sub-indicators. Received: 2024/11/17
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EXTENDED ABSTRACT

INTRODUCTION

One of the best indicators that reflect the estab-
lishment of safe and good conditions in an organiza-
tion is the existence of a positive attitude toward safety
among all employees of the organization, which can be
considered as an employee’s safety culture. Increasing
the efficiency and productivity of employees, along
with reducing workplace accidents and incidents, are
important goals that top managers of organizations al-
ways face. In this regard, examining the mental work-
load of employees is one of the issues whose results are
important in advancing the goals of managers.

The purpose of the research conducted is to pres-
ent an integrated approach to examine the safety cul-
ture indicators in employees with regard to the effective
components in the level of mental workload related
to them. The importance of increasing efficiency
and productivity in organizations, institutions, and
industrial centers is not hidden from anyone, and
undoubtedly, this issue is constantly considered by the
top leaders of the organization and managers with-
in organizations.

However, there are other fundamental issues
that are usually considered lessand are raised as
marginal categories, even though they can play an
important role in increasing efficiency, effectiveness
of activities, and productivity. One of these issues
is compliance with the safety requirements of the
organization's employees. Today, it is accepted that
most incidents that occur and can lead to losses
and accidents are predictable and therefore can be
prevented with the help of appropriate safety measures.

There are many parameters that cause safety
cultural anomalies to arise among employees in
the organization. One of these is the amount of
mental preoccupation, which can be considered as an
interfering factor in observing safety matters for any
reason. The mental preoccupations and conflicts that
exist for employees are influenced by internal factors
of the organization (work environment) or external
factors (the individual’s living environment).

In this study, an attempt has been made to evalu-
ate and measure the safety culture of the organization
based on the indicators and components that affect the
mental workload of employees. For this purpose, one
of the refinery’s visual terminals has been considered
as a case study. Due to the specific working conditions
and the accuracy and precision expected in these sta-
tions, refineries are places where the issue of mental
workload becomes important.

Workload is a general concept in human factors
engineering (ergonomics), for which various defini-
tions have been provided, and no single definition has
been mentioned by researchers. The concept of work-
load can be examined from three aspects: the volume
of work and the number of tasks that an individual

performs; the duration of work, based on the compo-
nents that are defined for a task; and the experiences,
characteristics, and psychological traits of the indi-
vidual performing the activity or task. Workload is
fundamentally related to the individual’s mental abili-
ties, how information is received and processed, and
ultimately leads to decisions and actions.

On the other hand, observing safety matters is im-
portant for carrying out work processes in a safe and
stress-free environment. Lianying Zheng and Yang
Zhao studied the dimensions of safety culture in the
construction and civil engineering industries in Chi-
na. After determining the indicators that influence
safety culture, they identified the basic criteria that
create safety culture, and by preparing questionnaires
based on these indicators and criteria, they were able
to present an improved and conceptual model of safe-
ty culture in the construction industries in China.

According to the study by Lee and Gaba, workload
assessment in these individuals is essential because
many stressors may affect their workload manage-
ment process. In addition to the high volume of tasks
and supervisory needs of these individuals, this reduc-
es their ability to identify and respond to emergency
situations.

For this purpose, this research has attempted to
identify the basic indicators of safety culture and men-
tal workload, conduct assessments related to these is-
sues, and, after ranking and prioritizing the indicators,
explain the most important propositions that should
always be considered to increase efficiency, accuracy,
and precision—while taking into account the safety
and mental workload of refinery employees—and pro-
vide supervisors and managers with the opportunity
to make appropriate decisions and implement solu-
tions and corrective actions.

There are many methods and techniques for as-
sessing mental workload, each of which has different
dimensions and different indicators for measuring and
assessing the level of mental workload. One of these
methods is the use of the NASA TLX questionnaire.
Due to the comprehensiveness of the dimensions and
indicators mentioned in this tool, and the validity that
has emerged from previous studies in this field, the
NASA TLX indicators have been used in this study.

NASA TLX was presented in 1988 by Hart and
Staveland, and since then, this tool has been widely
tested and used in studies related to human perfor-
mance. The aim of the present study is to use a com-
bined approach of IPA and fuzzy MADM to examine
the components of mental workload based on safety
culture indicators among employees of visual termi-
nals. In this study, effective indicators of workplace
safety culture have been evaluated to assess the mental
workload components of employees at the refinery’s
visual terminal, with the goal of implementing effec-
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tive measures to reduce mental workload and enhance
employee safety.

Accordingly, the research is developmental in
terms of its purpose, and—given that a case study is
considered—it is descriptive in terms of its method-
ology. In the present study, after reviewing previous
research, indicators and sub-indices related to safety
culture were extracted, and the relevant components
for studying mental workload were identified. Based
on the theories of possibility and probability, and
considering that the decision-making problem is ad-
dressed in an uncertain environment where data is
not distributed and data adequacy is not relevant (i.e.,
historical data is unavailable), the use of probabilistic
methods is not applicable. Therefore, a fuzzy multi-in-
dicator decision-making method has been employed.

METHODOLOGY

Considering the significant impact that the work
environment and the nature of employee activities
have on the level of safety culture, and given the work-
load, importance, and precision required at visual
terminals in process industries, one of the worksta-
tions at the Shazand Refinery in Arak was selected
as a case study. In this research, after identifying the
components of mental workload and determining the
relevant safety culture indicators, the opinions of ex-
perts—namely, supervisors and managers of the iden-
tified workstations—were gathered. Following this,
the indicators were weighted and prioritized using
performance-importance analysis. The Yager model, a
fuzzy multi-attribute decision-making (MADM) tool,
was then applied to rank the mental workload compo-
nents based on the identified safety culture indicators.

The aim of the present study is to employ a com-
bined approach of IPA and fuzzy MADM to analyze
mental workload components in relation to safety
culture indicators among employees working at visual
terminals. In doing so, effective workplace safety cul-
ture indicators have been evaluated to assess the men-
tal workload components of refinery visual terminal
employees, enabling the implementation of effective
measures to reduce mental workload and enhance
employee safety.

Thus, the research is developmental in nature in
terms of its purpose and, considering the inclusion of
a case study, descriptive in terms of its methodology.

In the present study, after reviewing previous liter-
ature, indicators and sub-indices related to safety cul-
ture were extracted, and the desired components for
examining mental workload were identified. Based on
the theories of possibility and probability—and con-
sidering that the decision-making process occurs in
an uncertain environment where data is not distribut-
ed and data adequacy is not relevant (i.e., no historical
data is available)—probabilistic methods could not be

Applying a combined IPA and fuzzy MADM ...

applied. Therefore, a fuzzy multi-indicator decision-
making method was adopted.

To identify the components of mental workload
and determine the safety culture indicators, research-
ers utilized a library-based approach, reviewing
reputable domestic and international articles. Since
the “available sample” approach is commonly used
in most multi-attribute decision-making problems
to determine strategy and sample size, the data ana-
lyzed for this study were derived from the opinions of
30 experts—supervisors and managers of the termi-
nal—who are thoroughly familiar with the events and
workload associated with these positions.

The components of mental workload were rated
based on safety culture indicators using linguistic
varjables provided by the experts. These linguistic
evaluations were then converted into a fuzzy scale,
from which the arithmetic mean of each data set was
calculated. Finally, a fuzzy decision matrix was con-
structed based on these averaged expert opinions.

The calculated safety culture indicators were also
compared and prioritized using the IPA technique. It
is worth noting that this method does not prescribe a
specific number of samples for conducting the study.
Instead, the number of participants is typically deter-
mined based on the availability and qualifications of
relevant experts. In this study, the sample comprised
experts working at visual terminals within the selected
workstation.

FINDINGS

Promoting employee safety culture is a key fac-
tor that, in addition to the benefits it offers employ-
ers, supervisors, and senior managers, enhances the
effectiveness and efficiency of an organization’s work-
force. Mental workload plays an irreplaceable role in
maintaining workplace safety, especially in jobs that
demand high levels of precision and concentration.
Therefore, in the present study, an effort was made to
evaluate the mental workload of employees working at
video terminals, based on indicators of the organiza-
tion’s safety culture.

To this end, after identifying the relevant compo-
nents and indicators, expert opinions were gathered
to determine their values and assess the significance
of various mental workload components. A decision-
making process was then implemented to address the
identified issues.

Based on the research findings, the components of
“Employee Effort” and “Boring” received the highest
and lowest rankings, respectively. Among the safety
culture indicators, “Leadership” held the highest level
of importance, while “Physical Structure of Culture”
exhibited the lowest performance, based on calcu-
lated weight values. These results suggest that, given
the critical role of the leadership indicator in shaping
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safety culture—and in light of its high importance and
low observed performance—supervisors at video ter-
minals should prioritize targeted actions. Special at-
tention should be given to implementing and adher-
ing to related elements and sub-indices to improve
safety outcomes and reduce mental workload.

CONCLUSION

High performance and low importance in rela-
tion to the “physical structure of culture” indicate a
misallocation of resources in this area. Implementing
appropriate programs to raise employee awareness
about the significance of this indicator is essential
for addressing the issue. Conversely, focusing on the
“Employee Effort” component and eliminating the
monotony of tasks will play a prominent role in re-
ducing accidents and adverse events caused by high
mental workload, thereby enhancing efficiency and
productivity.

A notable aspect of the present study is the in-
novative methodology employed—specifically, a par-
ticipatory decision-making approach that integrates
soft operations research techniques with fuzzy multi-
attribute decision-making (MADM). In line with the
performance-importance analysis technique, which
emphasizes customer satisfaction, employees are re-
garded as internal customers whose mental workload
must align with their working conditions.

Furthermore, the lack of prior research in this spe-
cific area and the absence of relevant historical data
are key factors that contributed to the decision-mak-
ing problem being defined within an environment
of uncertainty. This limitation rendered probabilistic
methods impractical and necessitated the use of fuzzy
MADM techniques to manage data ambiguity effec-
tively.

The findings of this study offer managers and su-
pervisors the opportunity to foster safe and stress-free
working conditions in environments with high mental
workload, reduce the occurrence of accidents and in-
cidents, and ultimately boost employee efficiency and
effectiveness. Notably, the methodology applied in
this research can be generalized to similar domains,
providing decision-makers with a reliable framework
for making informed decisions under comparable cir-
cumstances.

For future research, it is recommended to extend

performance-importance analysis or utilize network
analysis to weigh and explore the internal relation-
ships among indicators. Moreover, researchers are
encouraged to develop qualitative models using soft
operations research techniques such as Soft Systems
Methodology or Interpretive Structural Modeling.
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