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ABSTRACT

In the current study, we examined how to use William Fine method, as one of the risk assessment methods in the cost
justification index for the control measures, in risk assessment studies in Iran. The present study was aimed to provide
a better understanding of the benefits and limitations of this method and to develop a platform for improving the cost
factor table in this method. A literature review was done using the PRISMA database toolkit. The purpose of the study
was to evaluate the risk using William Fine's method, so general keywords including safety, risk assessment, William
Fine were searched in Persian databases and their English equivalents in English databases. The results were analyzed
qualitatively. A total of 357 related articles were observed however, 30 qualified studies were included in the
systematic review process. A majority of previous studies only applied William Fine's method to rank the risk score
whereas the cost justification index of control measures only calculated the risk score in a limited number of studies.
William Fine's method has a high score in evaluating corrective strategies in economics and engineering, due to
utilizing the cost justification index. One of the strengths of William Fine's method is the cost justification index. The
cost index table uses relatively outdated numbers which may causes for limited application of justification index in
the studies.
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INTRODUCTION

The growing development of the industry and identification and risk assessment are the most

the creation of new work environments have increased
the need for safety improvement and accidents
minimization. In order to prevent accidents, we must
first examine and process the causes of accidents to
prevent the recurrence of similar accidents [1]. Risk
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important tools of an active safety approach [2]. Risk
assessment is a general term used to refer to a set of
logical methods for estimating and assessing the risk
of hazards identified in an environment or system. The
risk magnitude, evaluation, importance, and decision
making should be taken into account for risk
assessment determination [3-4].

Copyright © 2020 The Authors. Published by Tehran University of Medical Sciences.

work is properly cited.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license (https:/
creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original



163 | IJOH | July 2020 | Vol. 12 | No. 2

Risk assessment is one of the most important
methods of targeted risk control in the industry. In
2014, Pinto et al. noted that risk management is one of
the most important tools for determining control
strategies that should be considered at different levels
and dimensions of a work process [5]. In fact, risk
assessment is an organized and systematic way of
estimating risk and evaluation to prioritize decisions
and to reduce the risk to an acceptable level of the
system [6].

Over the past few decades, a variety of
methods have been proposed in many studies to assess
the safety risk [7]. These methods often assess the risk
of identified hazards wusing two parameters,
consequences and probability, and in some cases,
using a third parameter, such as detection rate, or
exposure [8]. The two-parameter methods including
MIL-STD 882 and Rolin Geronsin [9-10] methods,
and William Fine, Melborne-3D, and FMEA [11-13]
methods are examples of three-parameter methods for
risk assessment. These methods are commonly used in
conjunction with well-known risk identification
methods such as ETBA, HAZOP, What if...? , PHA
and others [7]. FMEA is one of the common methods
in risk assessment studies that has been widely used in
the recent studies in Iran. For example, Geramian et
al., Ghasemi et al., Ebrahim Zadiyeh et al.,, and
Hekmatpanah et al. have used this method to assess
safety risks in the automotive, gas, steel and oil
industries, respectively [14-17]. The MIL-STD-882
method has also been widely used in various studies
[9-18-19].

Regardless of whether the risk is assessed
qualitatively, quantitatively or semi-quantitatively, in
each method, decisions are made about whether the
risk is acceptable or unacceptable to the organization
and how to deal with risk using an index. If the
estimated risk does not fall within the range of
acceptable risks for the organization, experts and
evaluators should provide methods and measures to
reduce the level of risk to an acceptable level. It is
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expected that the implementation of these measures
will provide the expected level of safety in the
organization [20-22].

However, one of the challenges to control
risk is deciding to choose one or more of the proposed
control measures. Many risk assessment methods do
not provide a systematic method to decide on the
efficiency or cost-effectiveness of control measures
and leave the decision to the experts. Thus, the lack of
a systematic approach to evaluate the latest and
perhaps the most important steps in risk management
remains uncertain. Choosing the right action or control
measures is a decision-making issue, and the right
response is very important in terms of risk
management [23-25].

Among the common methods of risk
assessment, William Fine's method is one of the few
ones that has introduced an index to evaluate control
measures. William Fine's method was one of the most
well-known and widely used methods of risk
assessment, and was introduced in 1971 by William T.
Fine, head of the safety department at the Maritime
War Laboratory in Maryland, USA [26]. In this
method, the risk score (RS) was calculated based on
the product of the consequences (C), the exposure (E)
and the probability (P) of the risk according to Eq. 1:

Eq. : RS=CXxExP

Using the three basic tables presented in this
method, the experts group assigns a score to each of
these factors according to the existing conditions.
When a risk is identified, the corrective measure
should be taken as planned and estimated. Therefore,
after determining the risk score, the acceptable costs
are calculated according to Eq. 2, in which J is the cost
justification index, RS is the risk score, CF is the cost
factor, and DC is the degree of correction. The
numerical values of DC and CF have been shown in
Tables 1 and 2.

RS
Eq. 2:J= DOXCF
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Table 1. Cost factor (CF)

Definition of criterion CF factor
Over $50000 10
$25000-50000 6
$10000-25000 4
$1000-10000 3
$100-1000 2
$25-100 1
Below $25 0.5
Table 2. Degree of correction (DC)
Definition of criterion DC factor
The risk is completely eliminated (100%) 1
At least 75% of the risk is eliminated 2
75 to 50 percent of the risk is eliminated 3
50 to 25 percent of the risk is eliminated 4
Less than 25% of the risk is eliminated 6
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The cost factor is the estimated cost of the
proposed corrective measure. The degree of correction
is the degree of corrective action (measure) proposed
to eliminate or reduce the risk or to prevent the
occurrence of the risk. Estimates were based on
experience and knowledge related to the relevant
activity. The classification of the correction table
varies from low impact on risk (less than 25%) to
complete elimination (100%). William Fine's method
suggests that if J is greater than or equal to 10, costs of
control or elimination of the risk are acceptable, and if
J is less than 10, these costs are not acceptable [26].

Since, the majority of risk assessment
procedures do not provide a process for assessing
economic justification. The risk correction cost
justification is one of the strengths of William Fine's
method. Given that, this method can provide
advantages for users compared to other methods.
However, some preliminary observations show that
this technique in previous studies has not always been
complete and the J index has not been used by
researchers in some cases. Moreover, a review on
resources and previous studies showed that the cost
coefficient table in this method has not been updated.
Therefore, in this study, we examined those studies
which applied this method in risk assessment in Iran
between 2000-2020 years. The aim of this study was
to provide a better understanding of the advantages
and limitations of this method and to provide a
platform for improving the cost factor table in this

method.
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MATERIALS AND METHODS

Search strategy:

This study was based on the reporting system

of systematic reviews and meta-analyses (PRISMA).

In order to access the relevant texts, a comprehensive
search was carried out considering national and
international databases including Magiran, [ranmedex,
CIVILICA, SID, Google scholar, Science Direct, Web
of Science, Springer, Scopus, and the New
Information System of Iranian Medical Research.
Dissertations that used William Fine's method were
searched on Irandoc's website, but were ignored
because the article could not be cited. A review of all
articles related to the topic was also performed. The
purpose of the study was to evaluate the risk using
William Fine's method. For this purpose, general
keywords including safety, risk assessment, and
William Fine were searched in Persian databases and
their English equivalents, such as safety, risk
assessment, William Fine, Iran and all of its possible
combinations in English databases. It should be noted
that articles reviewed had the identified keywords in

their title or abstract.

Inclusion and exclusion criteria:

In this study, the inclusion criterion of the
study was to conduct risk assessment using William
Fine's method in Iranian industries studies. In fact,
William Fine's method was used as the main approach
for conducting risk assessment in this research. The
exclusion criteria included studies conducted outside

Iran.
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Selection of studies:

In the initial searching, 357 possible related
articles on risk assessment were found using William
Fine's method (after duplicates removed). The full text
of 85 articles was reviewed, of which 55 articles were
deleted for the following reasons: studies conducted
outside Iran, poor quality and lack of sufficient
information. Finally, 30 eligible studies entered the

systematic review process (Fig. 1).

Data extraction:

All final papers included in the study process
were prepared for extraction by a pre-determined

checklist. The checklist was included the title of the
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article, year of publication, names of the authors,
methodology, industry studied, and the use/non-use of

the J index.

Data analysis:

After reviewing articles, they were classified
in terms of risk assessment based on various criteria
such as the use or non-use of the J index, the cost
control measures checking method and the purpose of
using William Fine method. Due to differences in
measurement criteria in different studies, quantitative
analysis of the data by meta-analysis was not possible
and the obtained data were qualitatively synthesized

and statistical tests were not used.
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Figl. Studies structure selecting process diagram based on the PRISMA model
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Cost Justification Index of Safety Control Measures (J) In William Fine's Method

RESULTS

As a result of the systematic review, 30
articles were included in the study. The articles were
reviewed qualitatively and classified according to the
year of publication, and finally recorded in Table 3:

William Fine method includes the economic
justification of safety interventions and the cost
justification of risk correction in risk assessment,
which enables experts to judge the cost justification of
risk elimination (financial risk). Consequently, this
could be a reason for distinguishing this method from
other risk assessment methods, where in most risk
assessment methods, there is no economic justification
for risk. In many of the articles studied, the cost
justification index of control measures was not
calculated and only William Fine method was used to
determine the risk score. Only a limited number of
studies have calculated this index.

William Fine method states that the J values
and the risk score rating table are somewhat optional
on the decision-making stage and can be replaced by
other defined values relative to the industry and
ultimately, the decision-making process can be
performed using other J values [26]. Review of
literature showed that this important point has been
overlooked in almost all of them, although they have
changed the risk score level, the same value of J index
has been used. Among the articles reviewed, only
Kuhnavard et al. mentioned this method in their
research. Another noteworthy point in this study was
that the J index was calculated only for the highest risk
index, while 13 risks were identified at a higher level.

In William Fine method, after determining
the risk score, it is classified into three levels. In a
number of studies, Pareto's law (80/20 Law) was used
to classify the risk score, but the J index was not
calculated. Ahrampoosh et al. used the William Fine
and PHA methods to manage the environmental risk
and estimate control costs in Kavir Steel Complex.
This method has not been properly expressed and is
used only to prioritize control measures. The J index
has not been calculated.

Studies have also shown that by combining
William Fine method with multi-criteria decision-
making methods (e.g., AHP and fuzzy DEMATEL,
which was used in Heydari et al., and Meknatjo et al,
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respectively), control measures can be prioritized,
which plays an important role in justifying expenditure
management in the safety sector [48-52]. In addition,
although in William Fine method, the acceptable cost
index is referred to as J index, in the study of Heydari
et al. it is referred to as G index, and in a number of
studies, the J index is mentioned in the Methodology
section. Furthermore, the cost of corrective measures
in the study has not been estimated and the cost
justification index has not been calculated.

DISCUSSION AND CONCLUSION

Risk assessment is a systematic process for
evaluating and comprising that focuses on the key
assets of an organization or, more broadly, a
community. Threats and vulnerabilities that may occur
also include potentials and consequences, and
preventive and control measures can be taken to
eliminate or control the risks [57].

In general, the main purpose of risk analysis
and evaluation is to determine the system uncertainty,
resulting cost, and to provide solutions for risk and
cost reduction [58]. William Fine method includes the
economic justification of safety interventions and the
cost of risk correction in risk assessment, which is one
of the advantages of this method because in most risk
assessment methods there is no economic justification
at all.

William Fine method suggests that the values
of J and the risk rating table in the decision-making
stage are somewhat optional and can be replaced with
other defined values relative to the industry and
ultimately the decision-making process using other
values of J [26].

A review of studies conducted William Fine
Risk Assessment Method application in Iran showed
that this method has been used mostly to prioritize
risks and in a limited number of studies, the
justification index of control measures has been
calculated. However, William Fine method has a high
score in evaluating and comparing corrective and
economical correction strategies to reduce the level of
risk due to the cost factor, degree of correction and cost
justification index. In fact, one of the strengths of
William Fine's method, which distinguishes it from
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other risk assessment methods is the cost justification
index, which enables experts to judge the justification
of'the costs of risk elimination (financial risk). It seems
that one of the reasons for not calculating the J index
in the studies is that the numbers provided in the table
of factors are outdated and its application in Iranian
studies can be controversial. Therefore, researchers do
not use the J-index to assess the economic justification
of safety measures.

Since 1971, when William Fine presented his
method, the principle cost tables have been used in
studies to calculate the justifiability of corrective
measures. Also, its values are provided in dollars for
different industries and are not provided for Iranian
industries. At the same time, the economic potential of
various Iranian industries to pay for corrective
measures varies. In Iranian studies, only Mohammad
Fam, in the fourth chapter of the book “Generalities of
Management and Safety Engineering” has converted
the cost invoice table into Iranian currency (Tomans),
taking into account the dollar rate of the day. However,
this method did not take into account exchange rate
fluctuations over time (especially in the Iranian
economy), the use of these tables can be associated
with a large error [59]. It is generally recommended
that in future studies, safety researchers use the
potentials of J index to economically evaluate the
proposed corrective measures to increase the
effectiveness of risk assessment projects and facilitate
the decision-making process for managers. Also, the
calculation tables of this index should be provided for
different sectors of Iranian industries and in
accordance with economic indices, so that it is
possible and logical for researchers and managers.
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