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Abstract

Background and aims: Workplace safety and protecting human and other
resources is an important concern in the industry. Workplace accidents leads
to damages to employees and affects business operations for a variety of
reasons, including absenteeism, loss of productivity, and increased production
costs. One of the most dangerous industries in the world is the electric power
industry, and electric power has been identified as the fifth factor in terms of
work accidents. The purpose of this study is to identify and classify the factors
affecting the safety in power distribution companies and to determine the
relationship between them.

Methods: Based on previous studies, 14 indicators affecting safety were
identified in three dimensions: organizational, technical and human. Using the
questionnaire, the rational relationship between the indicators is quantified and
then, by combining DEMATEL and ISM, the influencing degree, influenced
degree, centrality and causality between the indicators were calculated. In order
to systematically analyze the relationship between the indicators, a hierarchical
model was drawn using the ISM method; and based on the power of influence
and dependence of indicators, the MICMAC diagram was drawn. According
to the resultant model, the relationship between indicators were systematically
analyzed.

Results: The top management commitment and safety standards as well
as rules and regulations indicators, have the most power to influence other
indicators and have a causal role; the risk identification and control, contractor
and supplier management, incident analysis, safety audit, personal protective
equipment, control and supervision, health and first aid, emergency response,
safety training, communication, understanding the needs and expectations of
the employees and other stakeholders, and developing a safety culture are the
effective indicators.

Conclusion: This paper, in addition to introducing the theoretical basis for
safety influencing indicators in power distribution companies and investigating
their relationships, has proposed practical suggestions to prevent accidents and
improve safety in the power distribution companies.
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EXTENDED ABSTRACT

INTRODUCTION

The rapid growth of technology, has caused
substantial changes in the nature of the work and has
increased the complexity of the systems in industries,
and this has caused disastrous accidents in such
industries [1].

One of the high-risk industries in the world is
the electricity industry, so that electricity-related
incidents in global studies, have been identified as the
fifth affecting factor in the occurrence of accidents
[2]. Since the most important capital of each society
is its active human force, and it plays a pivotal role
in the development and maintenance of the power
distribution networks, it is necessary to identify and
analyze the factors affecting the safety in this area, in
order to reduce the accidents caused by electricity.
This research has been conducted regarding the safety
indices and the analysis of relations between them.

According to the literature review, there is little
research on the safety of power distribution, and
the effecting indicators of electrical safety are not
comprehensively detected. In order to enrich the
research indices, the other indices used in the similar
researches have been used in the safety domain. In
some researches, which have considered many effective

indicators of safety in the electric power distribution
companies, a suitable method for analyzing the data
were not used.

According to literature reviews, 14 effective factors
on safety in electricity distribution companies were
identified. These factors which were based on Liu
et al [3] classification, were classified in three main
dimensions: organizational, technical and human.
Therefore, the theoretical model of the research that
was drawn according to the dimensions and safety
indicators, is as follows (Fig. 1).

METHODS

The present study is an applied research in terms
of purpose. In this research, by studying literature and
background of the researches, the effective factors
for safety in electricity distribution companies were
identified, and after being reviewed by experts, the
indicators were refined and finalized. Thus, in order
to investigate the relationship between the indicators,
a combination of DEMATEL and ISM was used. The
Data collection tools including books, articles, Persian
dissertations and e-databases were used to gather
information about the background of the research and
theoretical framework around the dimensions and
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Fig. 1. Effective dimensions and indicators of safety in the power distribution companies
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effective factors on safety, and also a questionnaire
was used to determine the effects between the effective
indexes on safety in DEMATEL method.

The methodology wused for analyzing the
relationship between the effective indicators of safety,
is borrowed from the study by Wang et al [4].

In the next stage, the effective indices were
classified into four groups: independent, dependent,
linkage and autonomous. The independent indicators,
have a weak influence and weak correlation. The
dependent indices have a weak influence, but highly
dependent [5].

RESULTS

Based on the discussed topics in the previous
chapters, in the DEMATEL method, the effect matrix
was formed and the degree of influence, affectedness,

\
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and centrality were calculated. The degree of influence
(f,), affectedness (€), centrality () and causality (%)
of the safety index i (i= 1,2,3,...,14), were calculated
using the Excel software .

According to the levels of indexes and the
reachability matrix, the final model was obtained
as a hierarchical model of the indices, as well as the
causal relationships between the indices in this model.
As shown in Fig. 2, the final model consists of four
levels; it should be noted that those effective factors
on the safety, which are at higher levels, have more
effectiveness and are slightly influenced by other
indices. Top management commitment, standards,
rules and regulations indicators, have the highest
effect on the other indices. Also, according to the level
of index, the fourth level indicators (top management
commitment, safety standards, rules and regulations),

X4 Level 4

Level 3
0w ) : Level 2
" ' Level 1
X Xa & g '

Fig. 2. Hierarchy of factors affecting safety

Table 1. The degree of effectiveness, affectedness, centrality and causation of criteria

indicator fi rank e; rank m; rank n; rank

1 2.71 1 1.79 8 4.50 1 0.92 3
2 1.80 7 2.20 1 4 2 -0.40 12
3 1.70 9 1.76 9 3.46 9 -0.05 5
4 2.32 2 1.59 13 2.91 14 1.73

5 2.01 3 1.75 10 3.76 7 1.41 2
6 1.89 5 2 5 3.89 5 -0.11 6
7 1.56 11 1.98 6 3.55 8 -0.42 13
8 1.88 6 2.08 3 3.96 3 -0.20 8
9 1.34 13 1.70 12 3.04 13 -0.35 11
10 1.43 12 1.75 11 3.19 11 -0.32 9
11 1.75 8 2.10 2 3.86 6 -0.34 10
12 1.34 14 1.90 7 3.24 10 -0.56 14
13 1.58 10 1.57 14 3.15 12 -0.002 4
14 1.92 4 2.04 4 3.96 4 0.12 7

v
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Fig. 3. penetration - dependency power curve

the third level (analysis of accidents ) and the second
level ( safety audits and control and monitoring), are
all known as causal indicators and low level indices,
first level (risk identification and control, contractors
and suppliers management, personal protective
equipment, health and first aid, emergency response
, safety training, communication , understanding
needs and expectations of employees and other
stakeholders and the development of safety culture),
are handicapped. Therefore, managers should pay
more attention to the safety indicators that have the
role of reason and should consider them in their
decision making.

The effective indicators of safety, were classified
based on their strength and influence on the four
groups of independent, dependent, linkage and
autonomous (Fig. 3). According to Fig. 3, the risk
identification and control, contractors and supplier
management, accidents analysis, safety audit,
personal protective equipment, emergency response,
safety training, communications, understanding
needs and expectations of staffand other stakeholders
and the development of safety culture in the category
of independent indices, which have little leverage
and dependency power, were classified. In addition,
top management commitment, regulations and
safety regulations indices were placed in the group
of influential indicators that have a high penetration
power and low dependency. Therefore, these two
indices are considered to be two of the key variables.

DISCUSSION
This study has examined the effective factors on the

safety of electric power distribution companies, using
the hybrid method of DEMATEL and ISM. Based on
previous studies, and the viewpoints of the safety experts,
14 effective indicators on the safety were identified, and
were classified into three main categories, including:
organizational, technical, and human indicators. This
classification is compatible with the classification of liu
etal [3].A DEMATEL questionnaire was used to collect
the opinions of experts regarding the intensity of direct
effect between the indicators. Using the combination
of DEMATEL and ISM, the degrees of influence,
effectiveness, centrality, and causality were calculated
and then ranked.

The research findings showed that the indicators of
organizational dimension had ahigherimpact on safety
compared to the technical and human dimensions.
This finding is compatible with the findings of other
researchers, such as Tremblay et al [6]. However, our
findings are inconsistent with Liu et al [3], Mazlina
Zaira and Hadikusumo [7], who have declared that
the technical dimension is the most important factor.
Also, our findings are not compatible with the findings
of Janackovic et al [8], which suggests that the human
dimension is the most important factor, in terms of
safety.

Among the organizational dimension indicators,
thetop management commitment and safety standards,
rules and regulations are the most effective indices with
the degrees of effectiveness of 2.71 and 2.32, and the
causality degrees of 0.92 and 1.73, respectively. These
indicators have a causal role regarding other indicators.
The management commitment has been investigated
in previous researches, including: Nickpayam [9], and
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Wang et al [4]. Therefore, in order to introduce an
effective and practical safety programs; support from
top management is necessary to ensure any changes in
other effective parameters of safety in organizations.
The top management can play an important role in
order to promote safety by defining the safety policy
based on the company’s safety management system,
company’s occupational health, long and short term
goals and strategies, assigned responsibility and
relevant roles to implement the safety system; and
develop operational plans.

Also, the safety standards, rules and regulations
should be clearly informed to all employees and other
stakeholders of the company. Workplace accidents
can be reduced significantly by severe supervision
on implementation of rules in contracting matters,
and purchasing equipment. The risk identification
and control indicator with the centrality degree of 4,
was the second important safety indicator in electric
power distribution companies.

CONCLUSION
On the basis of this finding, it is proper to identify

Analysis of the Factors Affecting the Safety Performance...

the risks systematically and define appropriate
corrective actions, then monitoring of their
implementation. According to the high impact score
of the accident analysis indicator, it is better to set
a meeting with the presence of experts and related
officials and analyze the accidents completely. Then
the lessons learned from the analysis instructed
to different units should be applied to business
processes. Although this process exists in most
power distribution companies, there is no proper
mechanism for analyzing accidents and informing
the results to other employees and most important
of all, sending its reports to interested organizations,
such as the Holding Company and Labor Office. The
control and safety audit indices, by being placed at the
third level, after the top management commitment,
safety standards, rules and regulations and accident
analysis, have the greatest impact on other indices.
Thus, the proper control on the design process of
networks and installations, locking facilities and
land system of networks can greatly reduce risk of
electric shocks to both company’s staff and people
and subscribers.
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