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Aim: Unsafe behaviors (UBs) are the most important cause of accidents, so there is a need to identify the factors effective on it. The purpose
of this study was to identify the factors affecting the occurrence of UBs and also to build a strong theoretical model with fuzzy logic.
Materials and Methods: This study was conducted among 270 participants in the steel industry in Iran. The factors, such as work-family
conflict, job stress, and general health were investigated using relevant questionnaires, and the prevalence of UBs was investigated with the safety
behavior sampling technique. Finally, the results were analyzed with SPSS 21.0 and MATLAB software. Findings: The results showed that
out of 1310 samples of observed behavior, 531 UBs were observed (39.81%). There were 202 cases of nonuse or inappropriate use of personal
protective equipment. General health, job stress in the supervisor, and colleagues’ support were significantly associated with UBs (P < 0.05).
In addition, general health, work-family conflict, job stress and were significantly correlated with each other (P < 0.001). Diffuse results using
fuzzy logic predicted 56% of the behavioral conditions. Conclusions: This study showed that managing UBs is possible by controlling factors
such as the support of supervisors and the way of management, as well as the reduction of social stresses such as work-family conflict, in
addition to being able to increase people’s health, also reducing accidents and UBs. Finally, using fuzzy logic, it is able to predict reality, and
by knowing several behaviors, better models can be obtained.
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INTRODUCTION According to Henrich in industrialized countries, about 90%
of occupational accidents are caused by humans.[ Shoyaku
points out that lack of concentration, fatigue, forgetfulness,
slow reaction time are the reasons why depressed workers are
unsafe.l”! Furthermore, in many studies, the effect of mental
health and depression on unsafe behaviors (UBs) has been
studied and low mental health is considered as one of the
causes of UBs.[®! Job stress also causes problems and harms
people’s mental health.B! It can also affect a person’s behavior

One of the most important adverse effects of industrial revolution
is the incident of occupational accidents, which is more significant
in developing countries.!! According to the International Labor
Organization, 2.3 million people die each year as a result of a
work-related accident,” and in 2009, there were more than 2.8
million serious accidents and 3,806 fatal accidents in Europe.™
Accident injuries are also estimated to be the second leading
cause of disability in developing countries by 2020 and the
third leading cause of death and disability in the world by 2020.
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at work. High-stress work environments can negatively affect
people’s safety and safe behavior and increase the risk of
injury.”? Ling Chen et al. investigated the effect of stress on
the safe behavior of construction workers in Hong Kong and
concluded that occupational injuries were strongly related to
their psychological and physical stress.['!1]

In addition, studies by Griffin and Neil in 2000 developed
an effective framework that shows that social factors in the
workplace also affect safety outputs.['?) One of these social
factors, which is called a factor in creating and intensifying
stress, is work-family conflict. Work-family conflict is a type
ofrole conflict. This means that it becomes difficult to play job
or family roles.['>* Mazerlow et al. believe that work-family
conflict is caused by inconsistencies between job demands and
family or family life demands. In their view, this phenomenon
occurs when the expectations and time constraints of a person’s
professional and personal life are incompatible, which makes
it difficult to manage the two.[']

Due to the importance of the steel industry in the occurrence
of accidents and also the review of studies, so far, no study has
been conducted on the study of occupational accidents with
a full view on the Domino Henrich model. This study aimed
to investigate the prevalence of UBs and the general health
as an individual factor, job stress as a psychosocial factor of
work, and work-family conflict as a social factor as the factors
affecting UBs using fuzzy logic in the steel industry.

MaTeriALS AND METHODS

The present study was conducted in one of the steel industries.
This study was conducted in three phases, the first phase was
to investigate the prevalence of UBs using the safety behavior
sampling (SBS) method and the second phase was to assess
general health, job stress, and work-family conflict as factors
affecting UBs using questionnaire and the third phase was
modeling the effective factors using fuzzy logic.

The prevalence of UBs was assessed using the SBS method
using the Tarant UBs checklist.'® In the present study, based
on this checklist, statistics and causes of past accidents as well
as defined UBs in the studied industry, an UBs checklist was
designed. This work requires a pilot study and after conducting
this study, knowing the number of UBs in the pilot sample,
the sample number formula was obtained by considering the
95% confidence interval and 5% accuracy of the total number
of observations.!'”? After investigating the pilot study of 200
behavior samples, the final sample size was 1310 behavioral
samples were observed for more certainty.

The second part included a 3-part questionnaire of information
on the work-family conflict,l'¥ the UK Health and Safety
Executive (HSE) job stress,* and general health questionnaire.”?!)

The fuzzy system has four parts: Inputs, rules, decision-making
system, and defuzzification. The input part means the
conversion of real information into linguistic variables. The
decision-making system uses operators between rules to better

relate them. Finally, the final results of the defuzzification
system are always fuzzy, but the final information required
must be in the form of difuzzy primary information. In this
study, the rules of Mamdani fuzzy system were used.?
All construction and analysis of the fuzzy system of this
study were performed by MATLAB (MATrix LABoratory)
software.

ResuLts

The first part of the results of this study is related to the
frequency and percentage of UBs among the participants.
Out of 1310 observed behavior, 531 UBs were observed that
mean standard deviation was (14.923) 39.81%. The most UBs
observed are related to nonuse or inappropriate use of personal
protective equipment (PPE) with a frequency of (38%)
202 cases, the second unsafe action with a high percentage is
related to awkward posture (20.2%).

Table 1 shows that only general health had a significant
correlation with UBs (P < 0.05). In addition, general health,
work-family conflict, and job stress were significantly
correlated with each other (P < 0.001).

The statistical relationship between the questionnaires as the
factors affecting UBs is shown in Table 2. As Table 2 shows, job
stress in the subscriber supervisor and colleagues support scale
and general health are parameters that are significantly associated
with UBs (P <0.05), and these factors can be considered as fuzzy
inputs. The effect of all factors is the same and directly. Other
parameters do not show a significant relationship with UBs.
The fuzzy numbers in the language variables for job stress was
Low (0, 0, 1.25), Medium (0, 1.25, 2.5), High (1.25, 2.5, 3.75),
Very high (2.5,3.75, 5, 5), general health was Low, (0, 0, 22, 45)
Medium, (22, 45, 65) High, (45, 65, 84) Very high, (65, 84, 84)
and UBs was Low (0, 0, 19.5), Medium (0, 19.5, 39), High
(19.5, 39, 52), Very high (39, 52, 100, 100).

The range of variables was job stress from 0 to 5, general
health from 0 to 84, and behavior. Unsafe was 0—100. These
language variables are shown as fuzzy diagrams in MATLAB
software in [Figure 1] (this figure was drown by Excel software
according to MATLAB fuzzy logic output). The variables “b
and ¢” are the inputs of the model and the variable “a” is the
output of the model. The variables affecting UBs included
job stress and general health, which were considered as input
variables and UBs as output variables.

The results show that there is a significant correlation between
the actual data of UBs and the Defuzzification data of behavior
in fuzzy logic with correlation 0.181 (P <0.01). Furthermore,
the correlation between real and fuzzy data is 0.56, which
indicates that the obtained fuzzy data, according to the input
variables, can predict 56% of the real UBs variable.

Discussion

The results of UBs sampling show that the most UBs are related
to nonuse or inappropriate use of PPE and then awkward
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Table 1: Correlations between general health, work-family
conflict, job stress, and unsafe behaviors

Variables Job Work-family ~ General  UBs
stress conflict health

Job stress -

Work-family conflict 0.515%* -

General health 0.387** 0.477** -

UBs 0.363%* 0.419%* 0.479%* -

*Significant relationship at the level below 0.05, **Significant
relationship at the level below 0.001. UBs: Unsafe behaviors

Table 2: Linear regression between all studied variables
and unsafe behaviors

Variables Categories P
Job stress Role 0.784
Communication 0.412
Supervisor support 0.043*
Colleague support 0.022*
Control 0.956
Demand 0.651
Changes 0.115
Total 0.150
Work-family conflict Time-based (work-family) 0.670
Pressure-based (work-family) 0.611
Behavior-based (work-family) 0.39
Time-based (family-work) 0.439
Pressure-based (family-work) 0.959
Behavior-based (family-work) 0.644
Total 0.699
General health Physical 0.047*
Anxiety and sleep disorders 0.231
Social function 0.103
Depression 0.716
Total 0.042*

*Statistically significant P<0.05

postures at work. According to Table 1, the observed UBs for
all observations were 39.81%.

The results of the prevalence of UBs showed that nonuse of
PPE was the most common UBs. This type of behavior is
also considered as one of the six main causes of occupational
accidents.?!) There are several factors on the prevalence of
this type of behavior in the industry, including the role of the
organization in providing PPE appropriate to the type of work
and appropriate to employees, appropriate training on how to
properly use and the importance of using this type of equipment
and inspection during the work can be called. Furthermore,
awkward posture at work is the main cause of musculoskeletal
disorders related to work, which are considered as a factor for
occupational diseases, absence from work, and loss of labor.

Based on various studies, the percentage of UBs observed
in the present study is the average of other studies,! so
that Anderson et al. in the electrical industry also shows
that 45% of all observed acts are unsafe and the most unsafe
practice observed is not using PPE. They also found that
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Figure 1: Linguistic variables and triangular and trapezoidal fuzzy numbers in
MATLAB® software (a) Unsafe behavior, (b) General health, (c) Job stress

there was a significant relationship between the two groups of
accident victims and nonaccident victims.?* Mohammadfam
et al. in a study investigating UBs in the Iranian gas industry
concluded that 37% of the behaviors observed in this industry
are unsafe and the highest prevalence of UBs is related to
inappropriate body condition and then not using PPE has
become more common. These results are similar to the present
study.! The cause of UBs depends on several factors such
as the type of job, organizational climate, and the type of
industry. Since the steel industry is one of the large industries
of the country and also has very difficult working conditions,
in addition to being affected by individual differences, unsafe
practice is also affected by organizational factors.

Mohammadfam et al. in a study examined the relationship
between job stress and UBs, whose results show that these two
parameters are directly and significantly related.’?* This result
contradicts the present study and the reason for this can be said
that the present study is directly related to other factors that
one (work-family conflict) affects stress and the other (general
health) is affected by stress. It does not show between UBs and
stress, but despite the significant relationship that UBs have
with general health, it can be said that the effect of job stress
on his health has affected his health and has caused UBs. In
a study of the relationship between general health and UBs
in the printing industry, Khandan ez al. found that although
occupational accidents increase with decreasing general health,
they did not find a significant relationship between UBs and
general health.?" This study is not similar to the present study,
the reason for this may be that the present study has considered
other underlying factors for general health and by affecting
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these factors on general health, this parameter has a significant
relationship with behavior.

The ultimate goal of this study was to model the factors
affecting UBs using fuzzy logic. By diffusing the variables,
which provide the actual score of each person in the input
variables and receive the score obtained becomes fuzzy
for UBs, the percentage of predicted UBs of each person
was extracted. Combining the results of fuzzy UBs and the
percentage of real UBs of each person can be concluded that
fuzzy logic with the expressed input variables can predict
56% of the real state. The results showed that the percentage
of fuzzy UBs has a significant correlation with the percentage
of real UBs, and this shows that fuzzy logic has been able
to make an acceptable prediction. To investigate the safety
performance using fuzzy logic in Indian industries, Friah ez al.
Used fuzzy logic as a tool to predict and judge conventional
evaluations. They also found that fuzzy logic can predict up
to 90% of the actual state, noting that accident prediction
and safety performance require consideration of various
variables.l?”’ Dimitriou et al. also found a good correlation
between the predicted fuzzy logic information and risk
assessment information.?®!

CoNCLUSIONS

The results indicate that the fuzzy logic and their correlation
with the percentage of real UBs, we concluded that the fuzzy
model of this study can only predict 56% of the real state.
Also, it can be concluded that other factors also contribute
to the development of UBs. As we have stated, factors such
as organizational climate, safety climate and culture, and
training on the use of PPE can be considered as factors that
affect the goals and safety policies of the organization as well
as increasing employee support and increasing motivation
and awareness to perform job duties safely, affect UBs in
the workplace. Of course, considering that the percentage of
behavior obtained from fuzzy logic is significantly and closely
related to real data, the model obtained in the present study
can be considered an acceptable model, but future studies will
expand the input variables. Furthermore, this logic can be
used as a predictor of factor affecting UBs and future studies
can use fuzzy ANFIS or system dynamics or other statistical
models to increase predictive power of the modeling of the
factors affecting UBs.
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