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Introduction: Safety situation awareness is an important element affecting operator's reliability and
safety performance, which is influenced by various variables. |dentification of these variables and their
relationship will play a major role in optimizing control measures. The present study was conducted for
this purpose.

Material and Methods: This study was based on the situation awareness, expert’s opinions and use of a
Fuzzy multi-criteria decision-making method. Triangular fuzzy numbers was used to quantify the experts'
judgments and to reduce the errors that result from theirs’ subjective evaluation on the relationships
between the variables.

Results: The results showed that the studied organizational variables together with "safety/g knowledge"
and "experience in job/specific task” are the most important predictive variables of situation awareness.
Among the organizational variables, "Organizational Safety Attitudes", "Safe System Design" and
"Education" are the most important determinants of safety situation awareness.

Conclusion: Fuzzy logic was used to aggregate expert opinions to determine the most important variables
affecting situation awareness and their cause-effect relationships. Organizational variables are the main
determinants of situation awareness. To improve situation awareness, the best results are obtained by
modifying effective root variables, i.e., organizational variables and some individual variables.

Keywords: Organizational variables, Safety situation awareness, Fuzzy logic, Safety performance

1. INTRODUCTION

In complex socio-technical systems, operators
should perform more cognitive tasks. Therefore,
operators’ ability to be aware of tasks and
environmental conditions and become able to
predict changes in the near future is a key factor in
accident prevention. This ability is associated with

* Corresponding Author Email: mohammadfam@umsha.ac.ir

situation awareness (SA). SA is the perception of
elements in the environment, comprehension of
their meaning, and prediction of their status in the
near future. Many studies have reported SA as a
trigger cause of accident in the workplace. Because
of limitations in available resources, organizations
are trying to reduce accidents through optimizing
solutions with a minimum cost. Therefore, it is
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necessary to develop a framework encompassing
different personal, situational, and organizational
variables that can improve SA. Under the shadow
of this framework, it is possible to implement
more effective control programs. Therefore, it is
necessary to recognize the most important factors
that could predict SA. When several variables with
complex relationships affect an outcome variable,
determining the most important variables requires
comprehensive field studies that are complex, time-
consuming, and costly. Therefore, for complex and
multidimensional issues, Multi-Criteria Decision-
Making (MCDM) methods in combination with
fuzzy logic provide accurate and practical results
based on experts’ opinions. Thus, this study was
conducted to identify the most important variables
affecting SA and assess their relationships based on
experts’ opinions.

2. MATERIALS AND METHODS

The Delphi method is used to combine and
integrate experts’ judgments and problem-solving
techniques through group decision-making in
multiple rounds. This method can be used to
rank predictor variables of a phenomenon based
on experts opinions. Decision-making trial and
evaluation laboratory method (DEMATEL) is one
of the best practical methods to identify the causal
relationship among variables based on experts’
opinions. In many cases, experts opinions are
expressed using linguistic terms that are qualitative,
uncertain, and ambiguous. Fuzzy logic is a useful
tool for measuring ambiguous concepts related to

individual subjective judgment and is a powerful
method to overcome the above-mentioned
problems. Therefore, in this study, fuzzy logic (with
triangular fuzzy number) in combination with
the Delphi and DEMATEL methods were used to
determine the most important variables affecting
SA and assess the interaction among them.

Study protocol began by performing a compreh-
ensive literature review and identifying variables
affecting SA. Eighteen experts were invited from
specialists and researchers in the field of SA from
different countries to participate in the study as
Delphi panel specialists. In the first Delphi round
the experts were asked to express their opinions
about effect of extracted variables on SA via a semi-
closed questionnaire containing 5-point Likert
scale questions and some open questions that asked
the experts to add other variables and comments.
In the second round, considering the outcomes of
the first round, the experts were allowed to change
their opinion on each variable. After analysis of the
results of the second round, the rounds of Delphi
were stopped and the assessed variables were
ranked on the basis of the non-fuzzy score obtained
for each variable.

Fuzzy DEMATEL was implemented based on the
following steps. In the first step, 15 most important
variables that were determined using FDM, were
selected. Then, an expert team that consisted of 12
SA and safety specialists was set up. DEMATEL
questionnaire was formed as a 16*16 matrix with
paired relations between the selected variables.
Using this matrix, the experts expressed their

Table 1. Variables selected from fuzzy Delphi to study cause-effect relationships

Group ID Factor Triangular Fuzzy Non-fuzzy Score
‘ Numbers ‘

Organizational Vi Organization safety attitude (2,4.26,5) 3.88
V2 Systems (safe) design (3,3.84,5) 3.92

V3 Safety information sharing/ Communication (3,3.94,5) 3.97

V4 Training (3,3.98,5) 3.99

V5 Information resources (3,4.10,5) 4.05

Situational Vé Quality of human-system interaction (4,4.58,5) 4.54
V7 Mental workload (3,4.68,5) 4.34

A% Environmental distractions (3,4.18,5) 4.09

V9 Match between information available and (3,4.30,5) 4.15

information needed

V10 Work pressure/pace (3,4.24,5) 4.12

Individual V11 Risk perception (3,4.04,5) 4.02
V12 Fatigue (3,4.12,5) 4.06

Vi3 Sleep deprivation/Sleepiness (3,4.18,5) 4.09

Vi4 Knowledge (work & safety) (3,4.24,5) 4.12

V15 Experience in the job (3,4.34,5) 4.17
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opinions about the direct relationship among
variables through choosing linguistics terms in
a 5-point Likert scale. In the final step, data was
analyzed according to the Fuzzy DEMATEL
method.
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Chart 3. Diagram of cause-effect relationships

3. RESULTS AND DISCUSSION

Based on the results of the fuzzy Delphi study,
five variables with the largest impact score
were selected from individual, situational, and
organizational subgroups of variables to assess
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their cause-effect relationship.

In Chart 3, if D-R is positive, the variable is a cause
variable, and if negative, the variable is an effect
variable.

Organizational variables had the highest impact
values; besides, they were identified as cause factors
with the highest values among the other variables.
This indicates that organizational variables are the
most important variables affecting the whole system.
Organizational variables including “organization
safety attitude”, “system design’, “safety information
sharing” and “training” were recognized as the
most influential variables on other system variables,
respectively. After organizational variables, “know-
ledge (work & safety)” as a dependent variable and
“experience in a task” as an independent variable
were the two important individual variables
that could affect SA either directly or indirectly.
Knowledge and experience are the basic principles
for improving the performance of employees, and in
accordance with the three-level SA model, these two
variables had a significant effect on understanding
and interpretation of the information received from
the environment.

Among the cause variables, “organizational safety
attitude”, “system (safe) design’, “safety information

Journal of Health and Safety at Work 2021; 11(2): 176-195

sharing”, “training” and “safety / occupational
knowledge” had the highest D-R values and were
the most fundamental variables affecting situational
awareness. To improve situational awareness,
these variables are at the forefront of corrective
actions. In the following, “experience in the task’,
“information resources” and “match between
information available and information needed” are
less important than the first group of cause variables
and they should be of secondary importance in the
implementation of control measures

4. CONCLUSION

Organizational variables are the main variables
affecting situational awareness that directly
or through other individual and occupational
variables affect situation awareness. In addition,
there are some individual variables such as
“experience in the job” that have a large effect
on situational awareness, which are less affected
by other system variables. Also, “work / safety
knowledge” as an individual variable is one of the
main variables affecting situational awareness. In
future studies, testing the findings of this study
in the field on industry staff and examining the
interactions between them are suggested.
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