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ABSTRACT: 
Introduction: in the past decade, great attention has been directed towards the issue of measuring health and safety 
performance. The main objective of measuring health and safety performance is to prepare the information required 
regarding the extent of development as well as the current conditions of strategies, processes, and activities which are 
done by an organization to control health and safety risks. 
Method: this study was designed based on a combination of two approaches. The first approach was determining the 
causal pathway and probability of incidence of accidents occurring in the construction phase of oil and gas refineries 
based on a probability risk model using Bayesian network and use of the management system of model OHSAS18001. 
The second approach was the development and selection of key performance indicators of measuring workplace safety 
management and operational system performance using the AHP method. 
Findings: based on the methodology of the research, the safety leading performance indicators were developed across 
the two areas of management system and operations. In the area of management system and operations 29 and 33 key 
performance indicators, respectively, were selected out of the total leading performance indicators. 
Discussion and conclusion: In previous studies, development of safety performance indicators has been done based 
on the components of health and safety management system or through using a risk effect model. In this study, the 
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safety performance indicators were determined based on the components of occupational health and safety 
management system OHSAS18001 along with the main and important accidents and risks of the refinery construction 
area. In this study, the gaps of previous studies regarding determination of these indicators based on the status of 
safety management system and risk of operations in the construction industries of oil and gas refineries have been 
covered. 
Kay word:Safety, health, performance, leading indicators 
 
INTRODUCTION: 
Evidently, achieving a superior performance in 
business would be almost impossible without 
enjoying a coherent plan designed within a 
systematic framework. In the past decade, great 
attention has been directed towards the issue of 
measuring the health and safety performance. 
Overall, the performance indicators are measures 
that show the manner of one or several dimensions 
of the organizational performance. The main aim 
of measuring health and safety performance is to 
prepare the necessary information related to the 
extent of development and current conditions of 
strategies, processes, and activities that are 
performed by an organization to control health 
and safety risks(1). According to the statistics of 
the International Work Organization, annually 2 
million people, i.e. one person per every 15 
seconds die as a result of accidents and associated 
diseases. However, this statistic was equal to 1.2 
million people in two previous years(2). The 
statistics of the oil and gas producers in 2013 
indicate that around 22.5% of the mortalities of oil 
and gas industries is related to the construction 
area of refineries(3). One of the important and the 
major strategies of preventing accidents in the 
safety management system of the oil and gas field 
is applying safety leading performance indicators, 
which indicates the level of changes in the safety 
status of a workplace before the occurrence of 
accidents(4). Currently, various studies have been 
done on applying and developing safety 
performance indicators. However, reviewing the 
application, development, and basic concepts of 
safety performance indicators, the conductance of 
further studies seems to be essential(5). Safety 
performance indicators are divided into two main 
groups: leading and lagging indicators. The 
leading indicators reveal the measures taken by 
the organization considering the prediction and 

prevention from incidence of accidents before 
their occurrence, while lagging indicators indicate 
the performance of the organization following the 
occurrence of the event to decrease its 
complications(6). The beginning of safety 
research on health and safety indicators goes 
roughly back to 1998. The studies of the recent 
years have been mainly focusing on the difference 
between leading and lagging indicators(7). 
Research on indicators began based on the need 
for measurement of the level of risk or safety. 
Modification of indicators in the field of safety is 
relatively new, but measurement of safety in 1980 
and prior to it was done by modifications such as 
Index, like, rate, and measurement(8). Today, the 
terms indicator, KPI are typically used(9). Nuclear 
industries are known as the main leaders in the 
development of risk indicators, which are 
followed by chemical process industries as well as 
oil industries, which have been active in this 
field(10). Limited studies have been done in the 
area of development of safety leading 
performance indicators in the oil and gas field. 
The Association of Oil and Gas Producers (OGP), 
Center for Chemical Process Safety (CCSP), and 
American Petroleum Institute (API) are the most 
important active organizations in the area of 
development of leading performance indicators of 
safety in oil and gas industries(11),(12),(13),(14). 
The safety performance report related to these 
centers is largely at management level and mainly 
deals with managerial elements, including 
management of changes, training, fatigue risk 
management, and executive methods of repair and 
maintenance. Other studies have been performed 
as case studies on the methodology of 
development of safety, proactive performance 
indicators across different organizations. Osborn 
et al (1983) conducted a comprehensive review 
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study with the aim of preliminary research on the 
feasibility of using organizational factors in the 
safety of nuclear industries. They found that the 
effect of organizational standpoint is on a new 
approach(15). In another study, they observed that 
the organizational structure is an important index 
of the safety performance of an industry(16). 
Relying on the components of management 
system ILO-OHS-2001, DANIEL (2015) 
proposed 109 proactive performance indicators for 
measuring the performance of health and safety 
management system(10).Bocci, et al (1989) did a 
study with the aim of developing more responsive 
indicators of the system performance based on the 
available data and associated with the safety 
performance. In this study, it was suggested that 
Safety System Function Trend (SSFT) index, 
which has been defined based on risk, substitute 
the previous safety performance indicator 
including the safety system defect indicator. Focus 
on the probability of component defect instead of 
the system performance provides the indicators of 
reduction in the system performance before the 
system's performance is collapsed(17).Weratall et 
al (1990) did research on the indicators based on 
probabilities. The probabilistic aspect of this study 
was related to the fact that instead of the 
correlation between PPI and direct performance 
indicator, a risk assessment model was used for 
validation(18).Herrea et al (2008) and (2010) 
employed leading indicators for repair and 
maintenance of the fleet and the helicopter of an 
oil platform. They concluded that leading 
indicators can provide some information about the 
risk changes before risk analysis(19). Probabilistic 
Safety Assessment involves a great deal of 
information about the safety and quantification of 
risk. Probabilistic Safety Assessment can be used 
in identification of conditions and development of 
indicators for a status which has the greatest 
influence on safety(6). To achieve this aim, 
systematic approaches of safety risk assessment 
such as Fault Tree Analysis, failure  mode  and  
effect  criticality  analysis (FMECA) and decision-
making trees(20),(21).Where fault tree (FT), 
Event Tree (ET), bow-tie (BT), safety barrier 

diagram enjoy a great generalizability, though 
they have some weak points which limit their use 
in complex and multipart systems(22),(23). To 
overcome the limitation of these common 
approaches for risk assessment, several effective 
approaches have been developed to determine the 
interactive effect between safety variables, which 
can determine safety proactive performance 
indicators for preventive measures. Structural 
equations model (SEM) and Bayesian network 
(BN) are two samples of these 
approaches(24),(25). Bayesian networks enjoy 
both a good predictive ability and an acceptable 
capability in interpretation of occupational 
accidents(26). Using BN, one can determine the 
critical causes of accidents and their 
interrelationships, after which one can extract 
preliminary and preventive safety measures along 
with the safety performance indicators(27). 
Bayesian method is a suitable technique for 
collecting scattered data from different 
information sources and is a suitable framework in 
the area of mental probabilities for decision-
making under uncertainty(28). A Bayesian 
network is a graphical model of probabilities 
which indicates a set of random variables and their 
conditional interdependence using directed acyclic 
graph. In the field of oil and gas operations, 
various activities are carried out such as 
production, transportation, drilling, construction, 
etc., where the risks and hazards associated with 
these activities are different. Therefore, it is 
essential that proactive performance indicators of 
safety are developed based on different activities 
for oil and gas industries. Currently, no 
comprehensive studies have been conducted in 
developing and selecting proactive performance 
indicators of safety in the area of construction of 
oil and gas refinery. The aim of this study is to 
develop leading performance indicators in the 
field of safety management of the construction 
phase of oil and gas refineries. In this study, 
attempts have been made to both develop 
indicators based on the components of health and 
safety management system and determine 
operational performance indicators based on the 



Development of safety and health leading performance indicators in the phase of construction of a gas refinery plant 
 
 

Mohsen Falahati, et al.                                                                                                                                 1443 

existential operational risk in the construction 
phase of refineries using Bayesian networks.  
 
 
METHOD: 
This study was designed based on a combination 
of two approaches. The first approach is 
determining the causal pathway and occurrence 
probability of the main accidents in the 

construction phase of oil and gas refineries based 
on a probabilistic risk model. The second 
approach was the development and selection of 
key performance indicators of measuring 
workplace safety management and operational 
system performance using the AHP method. The 
method of implementation of the research consists 
of five main stages, as shown in Fig. 1. 

 
Fig. 1. The stages of developing and selecting KPI 
 
The first stage is related to identification and classification of the stages and different activities of the 
refinery construction operations through work breakdown structure investigation of the project of 
construction and installation of the refinery, while the second stage involved collection and statistical 
analysis of accidents and investigation of the status of the establishment of OHS MS in construction 
projects. After doing the first and second stages, in the third stage, identification of potential safety risks 
was performed using PHA method followed by determination of the important accidents occurred, 
according to statistical analyses and selection of the model and components of the OHS management 
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system. At this stage, as determination of the causal network of accidents and evaluation of probability of 
defect are two important factors of risk assessment and determination of safety performance indicators, 
relations between the causes and probability of occurrence accidents were obtained using the opinion of 
experts. The instrument used for determining the causal relationships and calculating the probability 
occurrence of important accidents in this study was Bayesian network. This method is a suitable method for 
collecting scattered data from different information sources and a suitable framework in the mental 
probabilities area for decision-making under uncertainty (28). A Bayesian network is a probability graphic 
model which indicates a set of random variables and conditional dependence between them using directed 
acyclic graph. This network is a combination of their theory of probabilities and graph, where Fig. 2 shows 
the nodes, directed vectors between the nodes, and conditional probability tables of this theory. 
 

 

 

 
 
 
 

 
Fig. 2. The structure and relationships Bayesian network 
 
This method enjoys a high efficiency and accuracy in interpretation of uncertainty, especially when their 
relations between different forms of data, such as expert opinion, experimental data, and the output of other 
models are of interest. There are two conventional approaches for the development of BN. The first 
approach for developing BN is the method of acquiring recognition of parameters and their structures using 
a large volume of previously recorded data.  
The second method is based on the experience gained from experts. The first approach requires a huge 
volume of training data and is impractical in the majority of engineering fields. The second approach is 
commonly used in developing Bayesian networks due to limited access to data (30, 31).  
In this study, with the ability of interpretation and learning Bayesian network, calculation of the probability 
accident occurrence has been determined, where the causes of incidence of events and structure have been 
specified as the variables in Bayesian network and the causal network of accidents, respectively. The term 
interpretation means calculation of the likelihood of event e, P (e) also calculation of marginal distribution, 
and U ⊆X ، P (U e).These two problems are interrelated as follows: 

 
 
Hence, if P (u, e) is calculated for all values of u, P (u�e) can be calculated through normalization. 
Considering the vast volume of evidence and the complexity of the type of relations of the causes of 
accidents, the learnability of Bayesian network facilitates the interpretation of the accident occurrence 
probability.  
Furthermore, based on the available date of, it models the influential causes of the accident. Fig. 3 
represents the manner of development of proactive performance indicators using Bayesian network in this 
study.  

P(x1, x2…xn,c) = P(c) P (x1|c) P (x2|c) … P (xn|c) 

X1  X2 Xn … 

Concept 
C
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Fig. 3. The manner of extraction of leading performance indicator of safety 
Fig. 3 demonstrates the causal network of event E. One of the causal pathways of event E includes C2, C3. 
The extracted lPIs indicates the status of preventive measures required for decreasing the probability of 
occurrence of the causal pathway of interest. By benefiting from this model in this study, operational 
performance indicators of safety were developed using the concept of a Bayesian network. The pattern of 
development of operational proactive performance indicator has been shown in Fig. 4. 
 

 
Fig. 4. The pattern of development of operational leading performance indicator of safety 
 
Development of operational leading performance indicators is obtained by plotting the causal network of 
accidents and identification of hazardous operations and activities. In this stage, by investigating the 
occupational health and safety management systems of projects, it was found that the OHSAS18001 
management system is run on the majority of active companies in the field of refinery construction. 
Therefore, this system was selected as the model for determining the leading performance indicators of 
safety management system. Table 1 provides the list of the major selected components of OHS MS. 
 
Table 1. The list of the major elements of OSH MS which has been defined based on the preliminary set of PPIs 

The major componentOSH MS Sign 
 1- Policy 

PolicyOSH A.  
Participation of employees B.  

 2- Planning 
Planning for Hazard Identification, Risk Assessment and Risk Control C.  

Legal and Other Requirements D.  
Objectives E.  

OH & S Management Programs F.  
 3- Implementation and Operation 
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Structure and Responsibility G.  
Training, Awareness and Competence H.  

Consultation and Communication I.  
Documentation J.  

Document and Data Control K.  
Operational Control L.  

Emergency Prepare ness and Response M.  
 4- Checking and Corrective Action 

Performance Measurement and Monitoring N.  
Accident, Incident, Non-conformances and Corrective and Preventive Action O.  

Records and Records Management P.  
Audit Q.  

 5- Management Review 
 
In the fourth stage, the leading performance 
indicators were determined at two levels of 
management and operations based on the major 
element components of the OHSAS18001 
management system and PHA results and the 
causal network of accidents, respectively. To 
develop an effective method for measurement of 
OHS MS performance, it is necessary that the 
number of PPIs is decreased in a fewer number or 
the most important KPIs. This means that among 
the available indicators, the best and most 
important indicators are selected based on the 
criteria of interest. In literature, different 
requirements may be found for selecting a good 
indicator (e.g. Hale, 2009). However, one of the 
most well-known set of criteria for selecting 
indicators in the field of management performance 
is called SMART (which is an abbreviated form of 
special, measurable, achievable, relevant, time 
bound) (10). The references related to these 
criteria have been presented by Kjellen (2009), 
Rockwell (1959), and Carlucci (2010) (10). In the 
fifth the stage, the key performance indicators 
were selected out of the total indicators extracted 
according to the elements of the OHSAS18001 
management system using the AHP method. At 
this stage, to give weight to the indicators, 12 
experts active in the industry of construction of oil 
and gas refineries were chosen based on their 
experience and expertise. In the AHP method, to 
determine the level of significance of the defined 
criteria, some questions are specified, after which 

the expert compares and rates different decisions 
related to that selected criterion according to the 
questions of interest. Considering the relatively 
low complexity, availability of support to software 
applications, and the possibility of using this 
method in solving, decision-making problems in 
numerous economic, scientific and technological 
sectors, AHP method has been widely used in 
hundreds of scientific texts and its uses have been 
published by  Vaidyaand  Kumar (2006), and 
Subramanian and Ramanathan (2012) (10). 
Continuing the fifth stage. The key performance 
indicators of the safety field of operations were 
also determined based on SMART criteria and the 
probability of incidence of causes obtained in 
Bayesian network of accidents. In this study, for 
paired comparison of performance indicators and 
determination of the weighted vector of indicators, 
Expert Choice 11 software was used thanks to its 
availability and user-friendliness.  
 
RESULTS: 
According to the methodology of the research in 
the first stage, the stages of operations of 
construction and installation of the refinery were 
determined according to Fig. 4. The results of the 
first stage of this study show that executive 
operations including Seville, electrical, installation 
of equipment and facilities, piping, steel structure, 
reservoirs, etc. are of primary focus in the 
executive operations of the construction phase of 
the refinery. 
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Fig. 5. The stages of implementing the operations of the construction and installation phase of the refinery 
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In the second stage, 2744 recorded accidents of five refinery construction projects were statistically 
analyzed, with the results provided in Fig. 6. 

 
Fig. 6. The portion of the frequency of recorded accidents and the mortality caused by the accidents 
Fig. 6 indicates that the accidents of fall from height (21%), getting trapped between objects (18%), and fall 
of objects (17%) has claimed the highest portion of the recorded accidents, respectively. Furthermore, the 
accidents of fall from height (7), falling objects (3), and electrocution (2) have the highest frequency of 
recorded fatality. According to the results of this stage and the conducted PHA, the accidents of fall from 
height, falling objects, and electrocution were selected and the causal network of the accidents relating to 
these three accidents was developed. Fig. 7 reveals the causal network of the accident fall from height 
developed using Bayesian network. 

 
Fig. 7. The causal network of the event fall from height 
 
The preliminary subset of the PPIs selected for measuring the performance within the framework of 
individual components of OHS MS (OHSAS18001) was selected as the results of the investigation of the 
indicators proposed in literature. Furthermore, the results of analysis of the list of PPIs recommended in 
different guidelines of OSH management effectiveness were also obtained. A number of key performance 
indicators are provided in Table 2 based on the components of OHSAS18001 system. Note that the number 
of indicators defined according to this model is larger than the indicators' shown in the table. Here, only 
KPIs selected by experts using the AHP method and according to SMART criteria (special, measurable, 
achievable, relevant, and time bound) have been shown. 
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Table 2. The final list of KPIs determined based on the elements of the OSH MS system 
( KPIs) sign  

  1- Policy 
 the percentage of employees who have a clear knowledge of the 

OSH policy A. OSH policy 

 the number of consultations done by the managers and workers in 
OSH field 

 the number of proposed measures for improving OSH by the 
workers 

B. Personnel Participation 

 2- Planning 
 the percentage of risk assessment processes confirmed in terms 

of the accuracy and validity of the applied controlling measures 
 the percentage of operations was risk assessment has been done 

(in relation to the plan) 

C. Planning for Hazard Identification, Risk 
Assessment and Risk Control 

 the percentage of identified safety rules and requirements 
associated with the relevant operations D. Legal and Other Requirements 

 the percentage of goals which have been totally realized E. Objectives 
 the percentage of the budget spent for OSH improvement 

programs F. OH & S Management Programs 

 3- Implementation and Operation 
 The percentage of the working posts for which the duties and 

responsibilities of OSH have been defined 
 The percentage of workers who have been trained with regard to 

the duties and responsibilities of OSH 

G. Structure and Responsibility 

 The percentage of workers who have passed basic safety training 
 the person hour rate of safety training H. Training , Awareness and Competence 

 the number of sessions held with the presence of managers about 
safety issues 

 the number of safety tours held with the presence of managers 
I. Consultation and Communication 

 The number of new guidelines developed in new working 
stations J. Documentation 

 The percentage of guidelines which have been reviewed and 
upgraded periodically K. Document and Data Control 

 the ratio of the number of safety supervisors to the total number 
of personnel 

 the number of conducted safety inspections in relation to the 
program 

L. Operational Control 

 the percentage of maneuvers held with regard to the program 
 the person hour rate of training of personnel in ERP M. Emergency Preparedness and Response 

 4- Checking and Corrective Action 
 The percentage of leading and lagging indicators which are 

periodically reviewed and upgraded 
 the number of leading and lagging indicators developed for 

effective monitoring of safety improvement programs 

N. Performance Measurement and Monitoring 

 The percentage of controlling and preventive measures 
performed in relation with the defined measures obtained from 
risk assessment 

 the percentage of corrected anomalies 

O. Accident, Incident, Non-conformances and 
Corrective and Preventive Action 

 the percentage of accidents, diseases, and events examined in 
relation with the total recorded accidents 

 the number of databases related to registration of the available 
data 

P. Records and Records Management 

 The number of person day of the periodic internal audit 
performed 

 the percentage of nonconformity obtained from the results of 
internal audit 

Q. Audit 

 The number of components and processes of OSH MS which has 
been analyzed in OSH reviews 5- Management Review 
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At this stage, a list of leading performance indicators of safety in the technical and operations area was also 
prepared based on the stages of running the operations in Fig. 4. Table 3 provides the leading performance 
indicators of technical and operational area of the construction and installation phase of the refinery, 
according to SMART criteria as well as the probability of occurrence accidents calculated in Bayesian 
network developed for important accidents. 
Table 3. The final list of determined KPIs based on the stages of running the construction operations 

KPIs (major and proposed) Operations 
 The percentage of drivers having a special certificate 
 The percentage of vehicles having technical inspection certificates 
 The percentage of excavations that have a danger bar and guard around them 
 The percentage of excavations with a safe access way toward the inside 
 The percentage of drivers who have passed the defensive driving training course 
 The percentage of mixers with guards 

Civil operations 
 reinforcement 
 formatting 
 backfill 
 concreting 
 soil transportation 

 The ratio of lifting with a lifting plan to the total number of lifting that requires a 
lifting plan 

 There ratio of qualified riggers to the number of cranes 
 The number of trained riggers 
 The percentage of trained crane operators 
 The percentage of operators with special certificates 
 The percentage of cranes with technical certificates 
 The percentage of installation operations with work permits 

Installation of equipment and 
facilities 

 The percentage of scaffolding operators who have received the necessary training 
 The percentage of operators with special cards for scaffolding 
 The percentage of safe scaffolds 
 The percentage of scaffolds with tag 

Scaffolding 

 The percentage of generators with earthing 
 The percentage of distribution panels with residual-current circuit breaker 

andearthing 
 The percentage of generators with fire extinguisher 
 The percentage of generators with installed safety instructions 

Electrical 

 The ratio of MSDS to the existent chemicals 
 The percentage of safe grinding stone cutters, the percentage of safety support pipes 

insulation and color 
 

 The percentage of cylinders with trolley during use 
 The percentage of cylinders with caps 
 The percentage of cylinders with technical inspection certificates 
 The percentage of cutting and welding blowpipeswith flash-back arrestors 
 The percentage of fit-up and welding stations with safe support and stopper 

Fit up of pipes 

 The ratio of the number of fire trucks to the required number, according to the HSE 
plan 

 The ratio of the number of ambulances to the required number, according to the HSE 
plan 

 The ratio of the number of safety personnel to the total required number, according to 
the confirmed chart 

 The ratio of the number of fire extinguishers to the standard number, according to the 
HSE plan of the project 

General 

 
DISCUSSION & CONCLUSION: 
The aim of this study is to provide a framework 
for determining safety, proactive performance 
indicators in the safety management system of 
projects of construction of oil and gas refineries. 
For this purpose, using Bayesian network and 
AHP methods, the framework of interest was 
proposed, followed by investigation of the 
prioritization of the leading performance 
indicators of safety in construction projects. In 

previous studies such as Podgorski (2015), the 
safety, proactive performance indicators were 
determined according to the components of the 
ILO-OHS-2001 management system and the key 
indicators were developed with the aim of use 
across all industries(10). However, in this study, 
the key performance indicators specific to 
measurement of safety performance of active 
companies in the field of refinery construction 
have been extracted according to the components 
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of occupational health and safety management 
system OHSAS18001 as well as the important 
accidents and operations of this field. In this 
research, the registered accidents were statistically 
analyzed, with falling from height found as the 
most important accident in terms of intensity and 
frequency, which is Consistentwith the results of 
previous studies such as Sou-SenLeu et al (2013) 
as well as Tung-Tsan Chen(29),(30). Considering 
the statistics of accidents in construction industries 
and the rapid nature of changes in operational 
conditions in this working field, the leading 
performance indicators should be able to detect 
the rapid changes in the safety level of activities. 
Hinze (2013) defined safety, eadingperformance 
indicators and construction industries as being of 
two types: active and passive. Passive indicators 
are those whose measurement and upgrading 
period is long. On the other hand, active indicators 
are those whose measurement and upgrading 
period is short(31). Therefore, in this study, 
according to the definitions of Hinze, the safety, 
operational leading performance indicators were 
also developed as active indicators. Burlileet al 
(1990) and Herrea et al (2010) used risk impact 
model as one of the approaches for developing 
indicators to develop and validate the safety 
leading performance indicators(18),(19). To 
develop more active and responsive indicators, it 
is essential that direct and intermediate causes of 
important accidents related to construction 
operations are comprehensively identified. Thus, 
comprehensive and clear determination of the 
causal pathway of important accidents can be very 
effective in more accurate determination of safety 
leading performance indicators. The strong point 
of this study is that to determine the causal 
pathway of accidents, Bayesian network was 
employed. The superiority of this network and risk 
assessment and determining the causal pathway of 
accidents is that the variables can be considered as 
dependent. Accordingly, determining the relations 
between different levels of the causes of 
occurrence accidents is more convenient and 
calculation of the probability rate of occurrence 
accidents enjoys a higher accuracy. Determination 

of the causal network of accidents properly and 
comprehensively is the most important factor for 
identification of safety leading performance 
indicators. Therefore, use of a suitable analysis 
method for accidents can enhance the validity of 
the performance indicators. Accordingly, 
considering the learnability and modeling of the 
structure of the causal relationships by Bayesian 
network model, determination of leading 
performance indicators enjoys a higher accuracy. 
In the study by Daniel (2015), selected indicators 
were developed within the framework of the ILO-
OHS-2001 system, in which the leading 
operational indicators for measurement of safety 
level in high-risk operations were not determined. 
In the study by Hinze et al (2013), the 
characteristics of active and passive performance 
indicator were determined in the construction 
industry, but the performance indicators were not 
determined comprehensively. In this study, the 
leading performance indicators were developed 
according to the challenges of previous studies. 
One of the main limitations of this study and 
previous studies is the lack of running validation 
of leading performance indicators. It is suggested 
that in future studies, presentation of a suitable 
model for validation of the developed leading 
performance indicators is paid attention to.The 
results of this study indicate that determination of 
safety, leading performance indicators should be 
based on both the components of safety 
management system as well as the type of 
operations and risks identified in the workplace. 
The safety, leading performance indicators are a 
result of the components of safety management 
system established in a mainly passive 
organization and cannot show the changes in the 
status of safety level in workplace within a short 
period of time. As construction operations are 
high-risk by nature and changes in the safety level 
occur rapidly, thus it is essential that the leading 
performance indicators (operational) are also 
determined as supplementary of passive 
indicators. Considering the numerous influential 
variables in occurrence of important accidents and 
construction industries, the determination of 
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causal relationships between these variables is 
complex. Thus, application of methods with a 
high reliability such as Bayesian network 
enhances the validity of leading performance 
indicators resulting from the causal network of 
accidents.  
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