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Abstract 

Safety is defined as the absence of accidents where accident is an event which lead to 

unacceptable loss. Previously, most systems employed conventional risk management 

systems to deal with risks which was based on knowledge of previous experiences, failure 

reporting and risk assessments by computing historic data. But today, these are traced to 

organizational factors, functional performance variability and unexpected outcomes or it 

can be pointed towards systems thinking. Resilience engineering is recognized as other 

alternative to traditional approaches in safety management.  The idea behind resilience 

engineering is that an organization must continually manage risks and create an 

anticipating, monitoring, responding and learning culture. This is resilient safety culture. 

Resilient safety culture is a new concept which has been proposed in order to cover the 

weaknesses of traditional approaches of safety culture.  It is a safety culture with 

resilience, learning, continuous improvements and cost effectiveness. This resilience 

takes into consideration the dynamic aspect of the safety culture which makes it resilient 

to any risks which a safety system faces. The main drawback is the dynamic aspect of the 

culture is not taken into consideration which is the interaction between people, technology 

and administration. These interactions are quite complex in nature and difficult to 

understand and quantify. That is why this study investigates the  understanding of these 

interactions using complex network theory. Once these interactions are understood to 

some extent, the prediction and prevention of incidents can be done to some extent.  

There are four different kinds of indicators in the system. Two are system performance 

indicators, leading and lagging and the other two are the risk indicators that as well 

leading and lagging. The system performance indicators are indicators which show how 

the system is performing either in current state which is leading and the system 

performance indicator which is lagging is gauged by efficiency of the system after a time 

such as injury rate. Risk indicators leading is found by understanding the various risks 

which are prevalent in the system and lagging risk indicators are the indicators which led 

to an accident in previous time frame. Since the system is dynamic, it needs to be 

understood that these indicators have a time value attached to it. If there is an accident 

which happened due to some lagging risk indicator, that is in previous time frame, that 

may have already changed by the time the accidents happened so safety-1 concept which 

looked at just lagging indicators to dictate the future evaluations of the organization need 
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to be modified and thus resilient safety culture methodology is getting evolved using 

resilience engineering. 

Using fault tree analysis, the interactions of various components in a safety system can 

be understood.  Resilient safety culture is treated as a system and it has three sub systems.  

The sub system further has factors which are important relationships to understand the 

whole system. These relations between the factors and subsystem are used to measure the 

resilience of the whole system. This is an innovative quantifying way in which we can 

improve the resilience in safety culture of an organization.  

In this study, the qualitative variables defined using the literature are correlated using 

qualitative as well as quantitative approaches. In the qualitative approach, Leximancer 

tool is used which model the variables using the literature data. Next, the resilient safety 

culture model is generated and then fault tree analysis is used to decipher the complex 

interactions which can help understand which relationships can lead to incident.  This 

study would generate a tool which would help organizations look at the weak links and 

nodes in their organization to better equip and enhance resources to make the organization 

more resilient against any safety risks. Multiple case studies are done to validate this 

model and to show how the whole process is done to understand a way to reduce and 

mitigate risks. Resilience index is generated which helps in finding which constructs are 

lagging or weak in giving that index number and the index can be used to compare to 

companies or organizations irrespective of the number of respondents or the type of 

indicators which are used. It also helps in reducing the linguistic bias. 

The findings of this study show that in resilient safety culture model, which components 

should be focussed first and how the components of resilient safety culture model are 

related with each other. This helps in optimization of the components or subcomponents 

to get the maximum resilience in an organization. It is also found that weak areas in an 

organization can be successfully deciphered using the fault tree analysis approach along 

with visualization of failure paths.   

This resilience safety culture model generated along with the methodology adopted in 

this study can help the industry to making right decisions in enhancing the resilience of 

the organizations with minimum intervention. It can help the industry find the weak areas 

where the intervention is needed. It can also give leading indicators which can cause 

future incidents.  
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Chapter 1: Introduction 

 

This thesis establishes a PhD research study which aims to explore resilient safety culture 

in general but also to quantify it using complex network theory to better understand the 

relationships between its components. The goal of this chapter is to make the reader 

understand the background why this research is being conducted. Section 1.1 offers 

research background. Section 1.2 presents the research problem. Section 1.3 addresses 

the study objectives. Section 1.4 presents the research questions. Section 1.5 specifies the 

research methodology and lastly Section 1.6 provides the holistic view of the thesis. 

1.1 Background  

Safety is prerequisite for achieving most organizational goals including profits (Leveson 

2011). That is because organizations cannot afford financial losses and loss of reputation 

and customers due to workforce accidents. Safety starts with management leadership and 

commitment as described by system-theoretic accident model and processes theory 

(STAMP) (Leveson 2011a) . This theory views accidents as emergent phenomenon which 

arises due to complex interactions that lead to reduction in system performance. System 

performance is defined as the quality of safety related work. System performance 

improvements can increase its resistance or robustness and lower the risk of accidents. 

Accidents happening in a complex system does not only occur due to independent 

component level failures but can also occur as a result of dysfunctional interactions which 

are not handled well by the system, as described in the STAMP theory.  

Complex systems are systems whose behaviour is intrinsically difficult to model due to 

their dependencies, competitions, relationships or other types of interactions between 

their parts or between a given system and its environment. This can lead to system non-

performance or reduction in performance. Without management leadership and 

commitment, organization can lead to failure since STAMP talks about integration into 

engineering analysis causal factors such as software, human decision-making and human 

factors, new technology, social and organizational design and safety culture.  

For example, history shows that the loss of an aircraft when it took off from the wrong 

runway in  Lexington,  Kentucky,  in  August  2006.  One of the factors  in  the  accident  

was  that  construction  was  occurring  and  the  pilots  were  confused  about  temporary  
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changes  in  taxi  patterns.  Although similar instances of  crew  confusion  had occurred 

in the week before the accident, there were no effective communication channels to get 

this information to the proper authorities. After the loss, a small group  of  aircraft  

maintenance  workers  told  the  investigators  that  they  also  had  experienced  confusion  

when  taxiing  to  conduct  engine  tests. They  were  worried  that  an  accident  could  

happen,  but  did  not  know  how  to  effectively  notify  people  who could make a 

difference (Leveson and Moses 2017).   Another communication disconnect in this  

accident  leading  to  a  misperception  of risk involved a misunderstanding by 

management about the staffing of the control tower  at  the  airport.  Terminal services 

management  had  ordered  the  airport  air  traffic  control  management  to  both  reduce  

control  tower  budgets  and  to  ensure  separate staffing of the tower and radar functions. 

It was impossible to comply with both directives. Because of an ineffective feedback 

mechanism, management did not know about  the  impossible  and  dangerous  goal  

conflicts  they  had  created  or  that  the resolution of the conflict was to reduce the budget 

and ignore the extra staffing requirements.   

Another example occurred in the Deepwater Horizon accident. Reports after the accident 

indicated that workers felt comfortable  raising  safety  concerns  and  ideas  for  safety  

improvement  to  managers  on  the  rig,  but  they  felt  that  they  could  not  raise 

concerns at the divisional or corporate level without reprisal. Many workers entered fake 

data to try to circumvent the system. As a result, the company’ s perception of safety on 

the rig was distorted, the report concluded. Formal methods of operation and strict 

hierarchies can limit communication. When information is passed up hierarchies, it may 

be distorted, depending on the interests of managers and the way they interpret the 

information. Concerns about safety may even be completely silenced as it passes up the 

chain of command. Employees may not feel comfortable going around  a  superior  who  

does  not  respond  to  their  concerns.  The result may be a misperception  of  risk,  leading  

to  inadequate  control  actions to enforce the safety constraints. These examples show 

that complex systems need an efficient management, communication and leadership in 

place to handle in complex interactions which occur in this type of system. Complex 

systems thus need to have a way to gauge the interactions properly thus weak areas could 

be identified.  

Accidents are conceived as resulting not from component failures but from inadequate 

control or enforcement of safety-related constraints on the design, development, and 

operation of the system. Safety is viewed as a control problem: accidents occur when 
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component failures, external disturbances, and or dysfunctional interactions among 

system components are not adequately handled.  

Major accidents, such as rail crashes, space shuttle disasters and petrochemical plant 

explosions where many lives are lost, often give rise to multi-million-dollar inquiries. 

These inquiries may sit for many days taking evidence from many people. Inquiry panel 

members or counsel assisting the inquiry may question individual witnesses for hours. 

Questioners may pursue numerous lines of inquiry, probing, looking for things that might 

have been overlooked, exploring inconsistencies and conflicts of evidence, day after day. 

Highly technological systems such as  aviation, maritime, air  traffic  control,   

telecommunications,  nuclear  power plants,  space  missions,  chemical  and petroleum  

process industry,    and    healthcare    and    patient   safety    are exceedingly becoming   

more   complex.   Such   complex systems can exhibit potentially disastrous failure  modes 

. It needs to be understood that complex accidents are an unanticipated interaction of 

multiple failures in a complex system. A complex accident can also be called as system 

accident which can be easy to see in hindsight but extremely difficult in foresight because 

there are too many pathways to seriously consider all of them.  

Following is the list of various complex accidents (see table 1.1). All these accidents are 

major accidents which happened in various industry domains. STAMP theory talks about 

the complex interactions which can lead to complex accidents. These complexities can 

arise due to socio-technical interactions.  

 

Table 1.1:  Complex accidents in various industries  

High- risk 

industries 

Period Period Period 

 1970-90 1990-2012 2012-Present 

Nuclear Chernobyl, 1986 Fukushima, 2011 Nyonoksa, 2019 

Offshore 

drilling 

Piper Alpha, 1988 Deepwater 

Horizon, 2010 

Gulf of Mexico oil 

rig, 2015 

Fuel storage Port Edouard 

Heriot, 1987 

Bunce field, 2005 North Carolina, 

2020 

Aerospace Challenger, 1986 Columbia, 2003 ISS, 2013 

Aviation Tenerife, 1977 Rio Paris, 2009 French Alps, 2015 
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Chemical-

petrochemical 

Bhopal, 1984 Toulouse, 2001 Lebanon, 2020 

Railway Clapham 

junction, 1987 

Ladbroke grove, 

1999 

South Africa, 2018 

Maritime I Zeebrugge, 1987 Costa Concordia, 

2012 

Libya , 2015 

Maritime II Exxon Valdez, 

1987 

Erika, 2003 Hungary, 2019 

Air traffic 

management 

Zagreb, 1976 Umberlingen, 2002 Yangon, 2017 

 

The various complex accidents which are listed in Table 1.1 arise out of different reasons. 

At the Chernobyl nuclear power plant in Soviet Union in 1986, a test on reactor number 

four went out of control, resulting in a nuclear meltdown. The ensuing steam explosion 

and radiation killed up to 50 people with several thousands’ cancer deaths over time. The 

Fukushima disaster in 2011 was regarded as the largest nuclear disaster since the 

Chernobyl disaster happened due to earthquake. Various disasters related to the socio 

technical interactions which defines how well the leadership manage and control the 

system. A good example is Tenerife Airport disaster. This crash could have been avoided 

with 538 deaths. This is one of the deadliest in the aviation history. Due to dense fog, 

complicating the situation, the KLM pilot was to blame for miscommunication in his 

clearance for take-off from the air traffic control. These examples show that complex 

systems do need a good communication channels where the interactions between the 

departments and personnel should be strong or well understood. 

 Erebus DC-10, flight 901 crash, is a good example of a fatal accident caused to due to 

poor managerial communication. In 1979, flight 901 from Auckland /New Zealand 

International Airport heading to Antarctica crashed in Mt. Erebus; no survivor was seen 

among 253 persons on board. There error was due to un-notified shifting of the destination 

(flight path) of 27 miles change. On the night of 2-3 December 1984 a leak of methyl 

isocyanate from a small pesticide plant devastated the Indian city of Bhopal, killing 2500 

people and injuring several thousands more. The immediate cause of the discharge was 

the influx of water into a methyl isocyanate storage tank. Its presence there involved a 

tangled story of botched maintenance, improvised bypass pipes, failed defences, drought 

and flawed decision-making on the part of both management and politicians. Among the 
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contributing maintenance failures were a disconnected flare tower, an inoperable 

refrigeration plant and a failure to regularly clean pipes and valves. This shows leadership 

and management control getting weakened which led to some of these complex accidents.  

Weakening of safety control structure over time needs to be prevented or detected before 

any loss occurs, this loss can be due to leadership, which is not efficient, and thus the 

control can be lost (Leveson 2011b). Leadership drives culture, which drives behaviour. 

This will be seen in this study as well. Leaders need to establish the organizational safety 

policy and create a safety control structure with appropriate responsibilities, 

accountability and authority, safety controls and feedback channels. Leaders must also 

establish a safety management plan and ensure that a safety information system and 

continual learning and improvement processes are in place and effective. Giving wrong 

responsibilities to wrong background people can lead to safety hazards as well. The 

effectiveness of the controls in a safe system behaviour is based on picking the right 

people for the job. This has been shown in this study where the human resource 

management (HRM) is shown to be very important in enhancing the resilience of the 

safety culture. Further sections will elaborate more  about the resilient safety culture. This 

is important since the various attributes which people bring to the organization gauge the 

dynamic aspect of the safety culture. As talked in STAMP theory, the socio technical 

system is dynamic in nature and this can be better performed if the HRM is managed well. 

This is where the HRM plays a big role in organizational capabilities to deflecting risks.  

If the consequences and likelihood of the consequence are severe , there should be some 

form of forcing function within the system. A forcing function is any task, activity or 

event that forces you to take action and produce a result. This forcing function within the 

system is the resilience of the system. This feedback or safety control in the system which 

helps the system fight the dynamics of the system. Reason (2016) contrasted delayed 

action latent conditions, which are found in the management level and not front level 

operators as the main cause since these delayed actions have no immediate negative 

consequences whereas errors done by front line workers have immediate effect. The latent 

conditions lie dormant within the system until triggered by some event. These latent 

conditions pose greater risk to the system. Incidents occurs when the latent conditions 

and active failures combine producing unpredicted sequence of events that result in 

outcome that is defined as disaster. It has been found that to minimize the errors, systems 

should be developed that enable them to identify and control errors at all levels of the 
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organization. This controlling of errors across whole organization can be done using a 

safety culture which gives opportunity to all its workers to be involved without any blame.  

The safety culture inculcates resilience in the system due to some specific attributes 

making it a resilient safety culture. (Akselsson et al. 2009) defined resilient safety culture 

as “an organisational culture that fosters safe practices for improved safety in an ultra-

safe organisation striving for cost-effective safety management by stressing the resilience 

engineering, organisational learning and continuous improvements”. How resilience 

safety culture is practiced depends on the maturity of the culture, on how long and 

efficient resilience safety culture processes, such as organisational learning, have worked. 

An organisation having a resilience safety culture 1) has a safety culture stressing a 

learning culture with a truly just culture 2) strives for resilience developing and using feed 

forward control for safety to keep processes within safe limits considering possible adding 

effects between different processes and circumstances 3) strives for efficiency in safety 

management and for integration of safety and core business performance for efficiency 

4) is mindful 5) is observant on and mitigate holes in the culture 6) has a systems view 

identifying and controlling system weaknesses 7) has a functioning organisation for 

organisational learning – both single and double-loop learning – within the organisation, 

but it is also active in learning between organisations in the sector 8) stresses efficient 

change management 9) designs for safety 10) applies a continuous improvement 

philosophy 11) stress commitment, cognisance and competence from top management to 

operators (Akselsson et al. 2009).  

Cultural approach to safety is now being recognized since just focussing on the safety 

management systems does not give results since it has its limitations. Safety needs to be 

managed proactively and this is in combination with all the aspects of safety (Hopkins 

2005). Hopkins further explains that the investigation of the Columbia space shuttle 

tragedy of 2003 provides an excellent example. In fact, the insights on which the 

investigating board ultimately relied came almost exclusively from High Reliability 

Theory. It selected the following features of high reliability organisations (HROs) to be 

used as a standard of comparison. Commitment to a safety culture, ability to operate in 

both centralized and decentralized manner, recognition of the importance of 

communication, avoidance of over-simplification, a wariness of success, a commitment 

to redundant systems.   

It has been found that just relying on safety management systems lead to failures as this 

system is just set of manuals and it can be disengaged with real practical operations. 
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Evidence suggests that there is no correlation between good safety management systems 

(SMS) and fatalities and injuries (Wachter and Yorio 2014). This does not suggest that 

safety management systems should not be there. It simply suggests that there is something 

else which is needed as well to make sure the safety management system works. Reason 

(2016) put it in very straight forward way “There is widely spread misconception that 

somehow systems sit apart from culture. It is this belief that drives manager’s over-

reliance on systems on the one hand, and an insufficient understanding of, and emphasis 

on, workplace culture, on the other. They believe mistakenly, by the imposition of 

systems, while ignoring the crucial cultural dimension. Yet, it is the latter that ultimately 

determines the success or failure of such systems”. Since safety management systems 

alone cannot help the organizations and safety culture is important, thus the safety culture 

should be understood.  

 

Safety culture is social characteristics not individual, but culture is a matter of individual 

attitudes which can be cultivated. This is not a characteristic of an organization but of the 

individuals who work in those organizations. Thus, organizations constrains an individual 

to behave safely, that individual will begin to value safe behaviour more highly (Hopkins 

2005). The advisory committee on the safety of nuclear installations provides this 

definition of safety culture “The safety culture of an organization is the product of 

individual and group values, attitudes , perceptions, competencies and patterns of 

behaviour that determine the commitment to and the style and proficiency of an 

organization’s health and safety management. Organizations founded on manual trust, by 

shared perception of the importance of safety and by confidence in the efficacy of 

preventive measures” (Nieva 2003). But both active as well as latent conditions are 

influenced by the underlying safety culture of the organization (Flin 2007).  

When safety culture is discussed, safety climate is also understood and defined. There 

have been debate whether safety culture and safety climate are distinct or interchangeable 

terms. Whereas several researchers saw those terms as interchangeable, others have 

attempted to distinguish safety culture and safety climate concepts (Choudhry et al. 2007; 

Cox & Cox 1991; Guldenmund 2000; Mearns et al. 2003; Mohamed 2003; Wiegmann et 

al. 2004). Safety climate (Zohar, 1980) is a term used to describe shared employee 

perceptions of how safety management is being operationalized in the workplace, at a 

particular moment in time.  
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The current literature review of safety culture and safety climate has shown that: 1) the 

concepts of safety culture and safety climate are still ill-defined and not worked out well; 

2) the relationship between safety culture and safety climate is unclear; 3) there is 

considerable confusion about the cause, the content and the consequence of safety culture 

and climate, i.e.: the cause of safety culture and climate has not been addressed seriously; 

there is no consensus on the content of safety culture and climate; and the consequences 

of safety culture and climate are seldom discussed. 4) there is no satisfying model of 

safety culture nor safety climate; and 5) the issue of the level of aggregation has not 

received the attention it warrants (Guldenmund 2000a).  

Denison, (1996) stated that safety culture must be measured by qualitative methods 

whereas safety climate can be measured by quantitative methods. In this study, safety 

climate is a component of safety culture thus this study looks at qualitative as well as 

quantitative ways to understand the organization attributes thus helps in getting enough 

information to  reach a “zone” or pointer where one can say where the fault lies. 

Qualitative versus quantitative analysis for safety culture in further topics will be 

discussed. Since, this study is about resilient safety culture, first resilience in safety 

culture need to be understood.  

The concept of resilience was proposed by Holling (1973) in an ecological study to give 

insights into a system that persists in a state of stability, and how these systems behave 

when they are stressed and move from this stability. Accordingly, resilience is considered 

as those features that enable an organisation to cope with, adapt to and recover from a 

disaster event (Buckle et al. 2000; Mallak 1998). Woods (2017) defined resilience as the 

organisation’s capability to create foresight, to recognise, to anticipate the changing shape 

of risk before adverse consequences happen. Becker et al. (2014) considered resilience as 

an “emergent property determined by society’s ability to anticipate, recognise, adapt and 

learn from variations, changes, disturbances, disruptions and disasters that may cause 

harm to what human beings value”. Organisational resilience is a multidimensional 

concept (Akgün & Keskin 2014; Lengnick-Hall et al. 2011). A review of the literature by 

Pillay et al. (2010) identified the three dimensions of organisational resilience, which 

include: (1) cognitive resilience, (2) contextual resilience, and (3) behavioural resilience.  

Literature survey done shows various studies incorporated RE in their research as shown 

in Table 1.2 using quantitative analysis techniques. 

 

Table 1.2: Quantitative studies using RE  (Pillay and Morel 2020) 
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Author(s) Purpose 

Pillay et al., 2010 Introduced a framework for RE, proposed a toolkit for 

investigating RE through safety culture 

Heese et al. ,2013 Developed and validated an inventory for assessing behaviour 

and organization resilience in Aviation 

Shirali et al.,2013 Examined the utility of using surveys for measuring RE 

Azadeh et al.,2014 Assessed factors affecting the resilient levels using fuzzy 

cognitive maps 

Azadeh et al.,2014 Evaluated performance of integrated RE through questionnaires 

and data envelope analysis 

Azadeh et al.,2014 Assessed the potential for resilience in municipal solid waste 

management companies 

Azadeh and Zarrin, 

2016 

Measured human resources productivity considering RE, 

motivational factors of work, environmental health and safety 

and ergonomics principles 

Pecillo,2016 Examined the utility of RE concepts in organizations with and 

without OSH across different sized enterprises 

Shirali et al., 2016 Developed a new framework for evaluating crises management 

through RE 

Shirali et al.,2016 Assessed RE factors based on the system properties 

Azadeh et al., 2017 Used mathematical programming to develop and evaluate 

integrated resilience engineering 

Chen et al., 2018 Developed and validated a safety climate resilience model to 

predict construction safety performance 

Shirali et al.,2018 Designed and validated instrument to measure RSC in 

sociotechnical systems 

Shirali and 

Nematpour, 2019 

Quantified and ranked RE dimensions through analysis network 

process 

Zarin and Azadeh, 

2019 

Evaluated and analysed impacts of RE on the integrated OHS 

management system 

 

 



10 

 

Resilience or RE (resilience engineering) in the safety culture is what sets resilient safety 

culture apart from safety culture. One of the definitions of resilience engineering is 

intrinsic ability of a system to adapt its function before or after the mishaps so it can 

continue to work under both expected and unexpected conditions (Hollnagel 2013). 

Safety culture comes from organizational culture where safety is a priority. When the 

organization start to continually manage risks and create an anticipating, monitoring, 

responding and learning culture, then the safety culture becomes resilient safety culture. 

Studies (Akselsson et al. 2009; Shirali et al. 2016) advocated the concept of resilient 

safety culture for safety management. Resilient safety culture concept has emerged from 

a systemic view of safety and risk management in complex systems.  

What is missing in the literature survey is quantification of resilient safety culture using 

the proposed methodology. In this study, the research gap is looking at the interactions 

between various attributes of the resilient safety culture, the correlation between the 

constructs i.e., managerial, behavioural and psychological capabilities which makes the 

triad model. This is addressed by quantifying resilient safety culture using fault tree 

analysis since fault tree analysis is a deductive methodology where the logic gates are 

used to flow the resilience from bottom to top level. This type of method is good to 

understand the failure modes and finding which indicators, subconstructs and constructs 

interact at the weak resilience areas. This study also finds the relationship between the 

constructs using structural equation modelling to understand which constructs need to be 

tweaked to get the maximum resilience using the resilience index tool which is developed 

as well. This tool is used to compare similar organizations or multiple sites in a single 

organization. It is understood that resilient safety culture comes from resilience 

engineering and the concept of resilient engineering is overlapping  safety-I and safety-II 

concepts.  

1.1.1 Quantification of safety culture and resilient safety culture 

A functionalist perspective tends to view culture as a route to identifying, assessing, 

controlling, and monitoring apparently measurable features of an organization’s internal 

environment; in contrast, an interpretive approach seeks data from multiple sources with 

the prime aim of advancing learning through increased understanding, which is more of 

a risk identification approach (Althaus, 2005). From a functional perspective, a more 

quantitative or analytical approach is likely, whereas research methods adopted by taking 
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an interpretive perspective would typically involve a narrative, phenomenological, 

ethnographic or a case study approach (Guldenmund, 2010).  

To measure safety systems, there is documentary analysis, safety audit, systems 

methodology. To measure safety attitudes and perceptions, questionnaires and surveys 

are used, interviews and focus groups, projective techniques, and repertory grid analysis. 

To measure safety behaviour, there are observational techniques, shadowing, work 

diaries, action research. To measure injuries, injury data can be problematic, where 

adequate data exist and can be compared with safety culture measures, this can provide 

useful validation for some of the techniques described above. Cooper (2000), and Richter 

and Koch (2004) noted that injury rate is not a simple indicator of safety culture. They 

considered that a qualitative approach to safety culture that followed an interpretive 

approach could enhance understanding of how organizations interpret and handle risks 

and injuries, as well as barriers to injury prevention, arguing that such an approach is 

required to go beyond superficial change. In the end, triangulation is used which uses 

both qualitative and quantitative techniques. This triangulation approach is advocated by 

many researchers (Glendon et al. 2016).   

There have been attempts to measure safety culture using assessments done in healthcare 

industry for example. The surveys questions are “When a mistake is discovered, we try 

to figure out what problems in the work process led to mistake” These culture assessments 

are used to diagnose safety culture to identify area for improvement and raise awareness, 

also evaluate patient safety interventions or programs and track change over time (Nieva 

2003). In the past, the level of safety at work was determined on the basis of few 

quantitative components, such as: financial loss incurred as a result of accidents, the 

number of the days of the absence of employees, the days of downtimes in factories etc. 

(Janicak 2009). (Carroll 1998) proposed use of the survey consisting mainly of questions, 

each to be answered on a four-category scale (strongly disagree, disagree, agree, strongly 

agree), and interviews to measure safety culture. He also recognized the problem of a 

quantitative study of this issue. The suggestion to use the checklist (Score Your Safety 

Culture Checklist) to assess the level of safety culture was given by Reason (2011). The 

method consists in assessment of twenty situations related to various aspects of safety 

culture. The respondent gives “yes/no” answers and the final score is a sum of positive 

replies. The other method is Safety Culture Grid proposed by G. Kirschstein and E. 

Werner-Keppner (Ejdys, 2010). Cooper (2008) tried to introduce quantitative method 

considering the risk.  
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Warszawska et al., (2015) proposed to conduct audit and to use surveys. The specific 

behavioural issues were determined using inter alia focus group exercises. The final result 

was given in percentage. This study used Assessment Tree Method (ATM) for the 

quantitative assessment of safety culture. The proposed method allowed for assessment 

of the specific aspects of safety culture as well as give a numerical value. 

Quantification has been done on resilient safety culture as well seeing the literature 

survey. Shirali et al. (2016) quantitatively evaluated the resilience safety culture in a 

petrochemical plant. In their study, resilient safety culture is developed by adopting 

principles of resilience engineering into safety culture model developed by Reason 

(1997). As a result, thirteen indicators representing the resilient safety culture were 

identified, which include competency, involvement of staff, accident investigation, safety 

management system, awareness, flexibility, management commitment, reporting culture, 

preparedness, risk assessment, learning culture, management of change and just culture. 

The results of Shirali et al.’s (2016) study enable the managers and policy makers to 

identify current weaknesses relating to resilient safety culture in their organisations.  The 

difference between the resilient safety culture and the safety culture is the components 

which make it resilient as explained earlier. In this study, the resilient safety culture has 

42 indicators out of which 9 are from psychological construct, 15 from behavioural and 

18 from managerial construct. These 42 indicators were chosen from the literature review 

which is further explained in Table 3.1 and in chapter 3 of this study.  

Trinh, Feng, and Jin (2018) measured resilient safety culture using safety performance as 

a latent variable which was calculated using OSHA recordable incident rate and resilient 

safety culture is measured using its three components: psychological resilience, 

behavioural resilience and managerial resilience through a set of questions in form of a 

survey. Path analysis was done using structural equation modelling (SEM). The results 

show that psychological resilience can be measured through employees perception of 

safety practices, managerial resilience can be measured through safety system 

implemented and behavioural resilience can be measured through behavioural safety of 

projects (Trinh and Feng 2019).   

In Trinh’s study, the authors found that resilient safety culture enhancement decreases the 

injury rate and project complexity also reduce the resilient safety culture components 

talked earlier. It should be noted that resilient safety culture indicators are leading 

indicators and injury rate is lagging. The proportional relationship is still shown because 

the interactions did not change much with time. This proportion can change and can be 
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seen using system dynamics approach. The limitation of the Trinh study is that the data 

was taken from a Vietnam construction industry only which shows the limited scope of 

this study. The study used just structural equation modelling to find relationship between 

the various variables. Also, Trinh did not used Rasmussen model to develop his safety 

culture model, which hamper the capturing of the holistic safety system. There was no 

resilience level measurements and no interactions measured as well. There was no 

quantification of resilience done as well.  

This thesis study will look at two case studies and both the case studies will be different 

industries and different countries. Also, the model sub-constructs and indicators are 

different from what is studied by Trinh along with the usage of fault tree analysis, 

structural equation modelling, fuzzy theory and resilience index. The model is generic in 

nature and can be used in any setup and for any industry with some exceptions. It is 

compared to this study since Trinh used the triad model similar to one used in this study.  

Another method proposed by Erik Hollnagel (Hollnagel 2017) is using resilience analysis 

grid. The Resilience Analysis Grid (RAG) method is a tool that aims to assess how 

resilient an organisation is by ranking four sets of questions, one for each ability. The 

answers are used to create resilience profiles that constitute a powerful graphical way to 

benchmark resilience and understand its development over time. It must be highlighted 

that these RAG profiles do not provide an absolute rating of resilience performance; 

however, these are a starting point to understand how the organisation functions and the 

consequences that planned interventions would have on the evolution of resilience. The 

RAG building process consists of four phases: the description of the system to be 

analysed, the selection of questions to assess the different abilities, the ranking of the 

questions and finally, the unification of the results in a star plot.  

The three main advantages of the method are its flexibility, simplicity and the easy-to-

read graphical results. This method is similar in approach to what this study is doing when 

it quantifies resilience. It uses a survey in which the questions are aligned to the triad 

model which helps in finding the level of resilience through the resilience index approach 

and also uses fault tree analysis to find the weak failure modes. The system performance 

is not evaluated in this study, but Trinh study showed that the resilience and system 

performance are proportionally related.  

.  
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1.2 Problem statement 

The problem statement for this study evolves around quantification of the resilient safety 

culture. This study investigates and looks into finding  the weak areas and interactions in 

a complex model. This study also calculates  the resilience index of an organization. This 

study proposes to develop a resilient safety culture model which will help identify the 

weak areas and help in finding the failure modes.  Also, the development of a resilience 

index which can measure the resilience level in an organization and compare with other 

organizations. This will quantify the resilient safety culture. This will thus help in looking 

at where the organization lies in the resilience range to help the organization to enhance 

its resilience to ward off any future accidents.  

 

1.3 Study objectives 

There are five eras of safety management. First is the technological era, second is the 

behavioural and human factors era, third is the socio-technical era, fourth is the cultural 

era and fifth and latest is the resilience engineering era. Reviewing the existing literature 

and seeing how the safety domain has evolved over the years, it has been found that 

resilience engineering is the new era which is evolving these days. Thus, resilient safety 

culture is the new area of research which need to be identified, modelled and quantified 

to enhance the resilience safety aspect in an organization. This takes care of the static and 

dynamic aspects of the safety culture. The literature does not provide much information 

regarding quantification of the resilient safety culture by using complex network theory, 

thus this study was performed. Complex network theory was specially used since 

a complex network is a graph (network) with non-trivial topological features—features 

that do not occur in simple networks such as lattices or random graphs but often occur in 

networks representing real systems. This thus help in solving real life problems. Complex 

networks are present in complex systems which help solve the complex system problems.  

Why is resilient safety culture needed? This is important since a static and dynamic 

aspects of the resilient safety culture dominate, and it needs to be understood those aspects 

to control the safety hazards and enhance safety performance. It has also been found that 

safety culture is generally gauged using surveys and ethnography till now. Using armchair 

ethnography gives literature definitions or factors which comprise of safety culture 

(Hopkins 2005).  
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Following are the study objectives: 

This study identifies constructs, sub-constructs and indicators for resilient safety culture, 

understanding their relationships with each other, understanding the network, modelling 

the resilient safety culture and quantification using fault tree and fuzzy fault tree analysis. 

This helps in understanding the causality between the nodes and hence helping an 

organization looking at weak areas in their organization by using this study. Thus, the 

organizations can understand what predictive risks or weak areas are and how to deal with 

these risks along with risk emanating using the combination of the risks through various 

components of the resilient safety culture since safety budget is a big limitation in any 

organization. This study also look at finding the resilience index to determine the 

resilience levels in an organization and help compare various organizations using a 

common index. 

 

1.4 Research questions 

In this study, the following are the research questions which need to be answered.  

1) What are the different constructs, sub-constructs and indicators which define the 

resilient safety culture? 

2) How to connect all the aspects of safety culture to make a resilient safety culture 

network? 

3) What are the different relationships/ interactions between the resilient safety 

culture constructs, sub constructs and indicators? 

4) How can the resilience in the safety culture of an organization be quantified and 

indexed?  

5) How quantifying resilience can help compare different organizations and inform 

an organization about its resilience? 

 

1.5 Methodology 

First step is to generate a network which successfully represent the real-world system. 

This is basically identification of the components which are involved in the socio-

technical system. Here, the components which make up the resilient safety culture are 

defined as psychological, behavioural, and managerial capabilities as found in literature. 
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These components interact with each other or their sub systems. These factors can 

interfere and overlap with each other forming network of networks. To form the network, 

the constructs, subconstructs and indicators are defined using the literature review. The 

data is collected using a survey. This survey collects the likelihood and importance of the 

indicators which form the questions in the survey. The importance is ranked and shows 

the priority of the organization. All indicators are used in the survey irrespective of the 

importance. The data is collected in two steps, first using a case study where companies 

in Kuwait in oil and gas sector is used and in the other Australian companies are used. It 

forms two case studies for comparison. The second case study uses enhanced method to 

better interpret result then the first case study.  

Fault tree analysis (FTA) is used to find the interactions and weak areas in the network 

which helps develop a resilient safety culture by early detection. Also, this method helps 

identify the failure modes. This methodology is used since it is a deductive approach and 

easy to visualize and has logical relationship between events and constructs. Application 

of conventional FTA has some shortcomings, e.g. in handling the uncertainties, allowing 

the use of linguistic variables, and integrating human error in failure logic model. Hence, 

Fuzzy set theory is used to overcome the limitation of conventional FTA. Fuzzy logic 

provides a framework whereby basic notions such as similarity, uncertainty and 

preference can be modelled effectively. Quantification using fuzzy fault tree analysis for 

understanding resilience in safety culture of an organization is innovative way and has 

not been found in literature till now. 

Next, structural equation modelling is done to find the relationship between the three 

constructs which make the resilient safety culture i.e. psychological, behavioural and 

managerial. The third step in the methodology is finding a resilience index tool which 

measures the resilience in the organization and helps in comparing multiple organizations.  

 

1.6 Thesis organisation 

This chapter has outlined the background for the study, identified gaps in the literature 

and determined the study’s objectives. The following chapter 2 presents a literature 

review of work on safety, safety culture, High reliability organization (HRO), resilience, 

resilient safety culture and SMS.  It identifies the factors involved in defining resilient 

safety culture. It gives a general overview of the safety domain as well as discusses 

specific topics related to the research theme. Chapter 3 provides the proposed 
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methodology for this research, including the instruments to be used for collecting data. 

The research activities are also included in Chapter 3. Chapter 4 presents the development 

of the resilient safety culture model using Leximancer. Chapter 5 provides measurement 

scale analysis of the data and chapter 6 discusses about the structural equation modelling 

of the data. Chapter 5 and 6 data are used from Kuwait sites. Chapter 7 is the case study 

which was carried out in Kuwait sites and how the model is used to study the weak areas 

and along with resilience level and resilience index and chapter 8 provides another case 

study for organizations in Australia. The difference in both the case studies is different 

industries and different countries along with change in methodologies to calculate basic 

event probabilities for the fault tree analysis. This study uses fuzzy fault tree analysis to 

find the basic event probabilities as compared to probabilities defined using the survey to 

reduce the linguistic bias. Chapter 9 discusses about the discussions, conclusions, future 

work and limitations of this study. 
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Chapter 2: Literature review 

 

A literature review is a very important chapter in order to identify any previous research 

on the topic of study and to gain understanding of the field’s recent developments.  As 

part of this thesis, a comprehensive literature review has been carried out in order to 

understand safety, risk, risk management leading up to resilient safety culture. This 

chapter thus has two goals, one is two let the readers know about the general research 

topics so the reader can broadly understand the area in general and the second is specific 

topics which are related to the goal of this research. Both these areas help combine the 

goal of comprehensive literature review as done in this chapter. Section 2.1 reviews safety 

as a topic. Section 2.2 talks about organizational culture. Section 2.3 reviews HRO, 

Section 2.4 describes safety culture, Section 2.5 highlights safety climate, Section 2.6 

discusses resilience engineering, Section 2.7 presents progression of research to resilient 

safety culture. Section 2.8 discusses safety management systems; Section 2.9 describes 

safety performance measurement. Section 2.10 discusses KPI, Section 2.11 highlights 

selection of KPI, Section 2.12 reviews project complexity and lastly 2.13 briefly talks 

about FRAM methodology.  

2.1 Safety 

Safety is defined as the absence of accidents where accident is an event which leads to 

unacceptable loss (Leveson 2011a). It is also defined as a condition of being safe which 

includes freedom from hazard, hurt, injury or loss. Freedom from whatever exposes one 

to danger or liability to cause harm and hence the quality of making safe and the action 

of being safe (Dekker 2014). Safety is a system level property and not component level 

property. A system is a group of interacting, interdependent elements forming a complex 

whole. In the past, the product designs were manageable as the components interactions 

were understood properly but now it is getting hard due to complexity in the system. This 

complexity has introduced new challenges. Since, there is no full control over the socio 

technical system, complexity is not taken into consideration when designing the safety 

systems (Shirali et al., 2016). Previously, most systems employed conventional risk 

management techniques to deal with risks which were based on knowledge of previous 

experiences, failure reporting and risk assessments by computing historic data. But today, 
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these are traced to organizational factors, functional performance variability and 

unexpected outcomes Shirali, Shekari, and Angali 2016).  

There has been an evolution from past theories in safety management which contributed 

to the knowledge. Each stage was not left behind but was built upon which was already 

there. There have been five eras of safety management. First is the technological era, 

second is the behavioural and human factors era, third is the socio-technical era, fourth is 

the cultural era and fifth and latest is the resilience engineering era (Pillay et al. 2010).   

1) First era of safety- the technological era: It coincides with the industrial revolution 

just after world war-II. It focused on preventing structural collapses and guarding 

machinery. The individual behaviour and management influence regarding 

culture and shortcomings were not a prerogative of safety inspectors. Industrial 

accidents were few and the focus on them was not much. There was less 

familiarity in terms of technology and the safety conditions were not up to 

standard.  The enhancement of organizational structure along with complexity 

ensured very less safety for its workers. First initiatives of safety came from 

management not from labour side in the safety but the first movement started in 

USA steel in 1906 (Wermiel 1997).  The correlation between safety and 

production was established to garner support. It was thus believed that injuries 

were symptoms of inefficiency in the system.  

2) The second era of safety-the human factors age: The first age improved the safety 

vastly due to safeguarding the equipment and management realization that safety 

is related to financial well-being of the company and to avoid unrest in labour 

force. But the accidents did happen. So, the second era or age of safety started. In 

second era, the technical and human studies together merged to create a deep 

understanding of the safety phenomenon. Advances in probabilistic risk 

assessment and ergonomics was done. Ergonomics dealt with human interaction 

with a system and used data and methods to optimize human behaviour. Human 

factors deal with three distinct areas. Physical, cognitive and organisational. 

Human factors main effort was to eliminate the human error on the system and 

individual basis.  In this age, it was assumed that everything goes right and if there 

is any issue or disruption it was due to malpractice. This malpractice can be on 

the human side as well as machine side.  

3) Third era of safety-Management systems and culture: The methods which assess 

and investigate the accidents were not up to the mark till now and so this era 
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evolved. Well structured, developed bureaucratic systems was till now thought to 

be safe proof but after major disasters like Chernobyl or Bhopal gas tragedy, it 

was found that it was technological or human factors which need to be focused 

more.  

4) Fourth era of safety- The integration age:  This age is similar to high reliability 

organizations (HRO) characteristics. The basis of this view is based on the last 

three eras. This is based on the unity of safety climate and safety culture and 

includes safety rules, management safety commitment, safety behaviour, work 

situation, job satisfaction. 

5) Fifth era of safety-resilient engineering: This era represents all the previous eras 

of safety including the concept of adaptation. It is integration of past eras and 

beyond. The resilience engineering (RE) overcomes the limitation of existing 

accident analysis and risk models. It looks ahead and not just at past incidents for 

correction and learning. The complex system in which the organizations work in 

requires such kind of safety theory where the combined conditions which lead to 

failure could be understood. This era of safety will be studied. 

 

There are various research papers which emphasise the causal link between risk and 

variability as a starting point of resilience. Primary risk areas is personal risks, risks due 

to errors committed , risks due to insidious accumulation of latent conditions within the 

maintenance, managerial or organizational spheres, risk due to third parties (Reason 

2016). All these risks can be studied well once it is known what organizational culture is 

and why these risks are developed. 

 

2.2 Organizational culture 

Organizational culture is the top-management business. A term used as observed in 

behavioural regularities when people interact, group norms, espoused values, formal 

philosophy, rules of the game, climate, embedded skills, habits of thinking paradigms 

(Choudhry, Fang, and Mohamed 2007). It can be defined as “the way people do things in 

an  organization” or “shared perceptions of daily practices should be considered to be the 

core of an organization’s culture” (Hopkins 2006). The theory of organizational culture 

emerged from combination of organizational psychology, social psychology and social 

anthropology ( Scott et al.,2003).  
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There are seven primary characteristics that in total capture an organization’s culture 

(Robbins and Judge 2010). 

1) Innovation and risk taking: The degree to which employees are encouraged to take 

risks and be innovative 

2) Attention to detail: The degree to which employees exhibit attention to detail, 

precision and analysis. 

3) Outcome orientation: the degree to which management focuses on results rather 

than techniques and processes used to achieve the outcomes. 

4) People orientation: The degree to which management decisions take into 

consideration the effect of outcomes on people within the organization. 

5) Team orientation: The degree to which work activities are organized around teams 

as compared to individuals 

6) Stability: The degree to which the organizational activities emphasize stability or 

status quo as compared to growth. 

7) Aggressiveness: The degree to which people are aggressive and competitive as 

compared to easy going. 

 

These characteristics gives a picture about the organization’s culture. (Cameron and 

Quinn 2006) found four major organizational culture types. The first major culture type 

described was the hierarchy culture which is characterized by a formalized and structured 

place to work. Procedures that govern what work people perform, and effective leadership 

are good coordinators and organizers.  The long-term concerns of the organizations were 

viewed as stability, predictability, and efficiency. Thus, requiring formal rules and 

policies to hold the organization together and run efficiently.   

The second major culture type is the market culture evolved as organizations encountered 

new competitive challenges.  The market culture was described as a results-oriented 

organization, orientated to the external environment instead of internal matters.  The 

market organizational culture does not rely on rules and procedures and has a set of core 

values focused on competitiveness and productivity.  Profitability, bottom line results, 

stretch targets and secure customer bases are main objectives of this type of organization. 

The basic assumption is that external environment is not benign but hostile and consumers 
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are choosy. The organizations held together by the emphasis on winning. The long-term 

concern is on competitive actions and achieving goals.  

The third major culture type was described as a clan culture, characterized by an emphasis 

on loyalty, tradition, teamwork, participation, and consensus.  This is called clan because 

of the similarity to family type organization. Their emphasis is on teamwork, employee 

involvement programs. The organization is held together by loyalty and tradition.  

The last major culture type was described as an adhocracy culture, characterized by a 

dynamic, entrepreneurial, and creative workplace.  This type organization was viewed as 

committed to experimentation, innovation, and change. Organizations develop a major 

culture type dependent on the industry, stage of organizational life cycle, and leadership 

style. These organizations are into new product development, services and preparing for 

the future. The structure is based on project, as soon as the project ends so does the 

organizational structure (Cameron & Quinn, 2006). 

To measure organizational culture, there are three strategies which can be used. First is 

the holistic approach in which the investigator becomes involved in the culture and 

engages in participant observation. The investigator can act as a native or employee to an 

organization. He tends to be involved in all aspects of the organization. Second is the 

language approach in which the investigator uses language patterns in the documents and 

conversations to find cultural patterns and the third approach is quantitative approach 

where the investigator uses questions or interviews to find the dimensions of culture 

(Cameron & Quinn, 2006). Quantitative approach is useful if two different cultures are 

compared.  

Three different approaches for assessing organizational culture were found in literature. 

First is the multiple measurement organizational attribute approach which regards the 

organizational climate exclusively as a set of organizational attributes, measurable by a 

variety of methods, second is the perceptual organizational attribute approach which 

views the organizational climate as a set of perceptual variables and third is the perceptual 

measurement individual attribute approach which captures organizational climate through 

perceptions of individual attributes. These three approaches are assumed to be 

complementary to each other as compared to alternative.  

The structural dynamics model of organizational culture as shown  in figure 2 (Erez and 

Gati 2004). As seen in the figure, nested within the national culture is the level of 

organizational culture, often defined as a set of belief and values shared by members of 
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the same organization, which influences their behaviours. Dominant dimensions of 

organizational culture are innovation, attention to details, outcome orientation, risk taking 

and team focus. The strength of an organizational culture depends on the level of 

homogeneity in members perceptions and beliefs. A strong culture is one with high levels 

of homogeneity.  

 

 

Figure 2.1: The structural dynamics model of organizational culture (Adapted 

from Erez et al. 2004)  

 

Safety culture is a subset of organizational culture (Brooks 2008). Both the organizational 

culture and safety culture are essential to producing a more engaged and committed 

workforce where every employee seeks to better themselves, their peers and the 

organization. Building a strong organizational culture can be a lengthy and involved 

process but starting with the workplace safety culture provides a foundation for growth. 

The principles learned through safety will become applicable to other functions of the 

business and personal development. Initiating organizational culture change starts with 

safety, commitment and engagement which results in reinforcing changes and minimizing 

the time required to change the organizational culture.  
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In the Columbia space shuttle accident, researchers interested in organizational culture 

worked with NASA to understand the causes. Insights from the high reliability theory 

(HRO) was used for comparison. Next topic to be discussed will be high reliability 

organizations.  

2.3 High Reliability Organizations (HRO) 

High reliability organization (HRO) evolved after the 1979 Three Mile Island nuclear 

plant incident (Cantu et al. 2020). Roberts (1989) identified high-risk organizations which 

consistently, over long periods, operated without any failures and disastrous effects on 

the public and environment and labelled them high reliability organization.  The original 

definition published by Roberts (1989) is as follows: “there is a class of organizations 

that can-do catastrophic harm to themselves and a larger public. Within their larger set of 

potentially harmful organizations there is a sub-set which have operated extraordinarily 

reliably over long period of time. Operational reliability rivals short term efficiency as 

major goals in these organizations. Extraordinary attention is paid to operational 

reliability both because of the inherent dangers of the situation and because outcomes 

reliability is impossible to realize without operational reliability. Hence, we call these 

organizations” high reliability” organizations” (p.112).  

HRO was dominated by the aviation industry since it was identified as subset of 

hazardous organizations with high safety record over long periods. The accidents are 

rarely occurring phenomenon in aviation industry with respect to the amount of flights 

which are taken. It should be noted that high reliability is measured by accidents and not 

errors. HRO manages safety through redundancy at the operational level that means there 

are lot of defences in place. To have redundancy at the operational level requires a 

complex system management system in place. That means that the system is tightly 

coupled.  

 HRO develop capabilities to detect and bounce back from inevitable errors that are part 

of an indeterminate world. The hallmark of an HRO is not that it is error free but that 

errors do not disable the organization. HRO is unique in its abilities both to prevent and 

manage mishaps before they can spread throughout the system, thus causing damage or 

failure. HRO has attributes like outstanding technology and task and work design, highly 

trained personnel, continuous training, effective reward systems, frequent process audit 

and continuous improvement efforts (Sutcliffe 2011). Sutcliffe recognized the lack of 

clarity to describe an effective error detection process, so they introduced five hallmarks 
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of HRO to detect problems and manage them before catastrophe happens. The 

organization can be termed as HRO or high reliable organizations when these 

organizations actively manage complex demanding technologies, these systems have 

significant potential for catastrophic accidents and these organizations are able to achieve 

high performance in both safety and reliability over long period of time (Rochlin 1996) . 

Why HRO theory was used? It is because it is difficult to see the impact of culture on 

safety directly since HRO has the following five characteristics: preoccupation with 

failure, reluctance to simplify, sensitivity to operations, a commitment to resilience and 

deference to expertise (Weick and Sutcliffe 2001). This is known as collective 

mindfulness.  

2.3.1 Collective Mindfulness 

There are five aspects of collective mindfulness present in all HRO (Figure 2.2). 

1) Preoccupation with failure: It is a process of operating with concern that there is 

possibility of unexpected events that may hinder safety by engaging in proactive 

analysis and actions. The HRO organizations constantly look for errors and lapses 

which can lead to large failures so encouragement of reporting errors and near 

misses is done in order to learn and improve the safety performance (Enya, 

Dempsey, and Pillay 2019). 

2) Reluctance to simply: High reliability organizations have a mindset where the 

mindset is to keep at conceptual level to manage the unexpected by deliberately 

questioning the assumptions and to create a clear picture of the current situation 

by simplifying. The shallow comparison with past events is not done but 

important details which shows signs of failure are noted. 

3) Sensitivity to operations: It is the ability to maintain the holistic picture of 

operations in order to anticipate potential future failures. HRO keeps track of all 

the feedback from front line staff and information is shared between different 

relevant departments if so required. Root causes of near misses and incidents are 

investigated to make sure all the loose ends are taken care.  

4) Commitment to resilience: This capability is to bounce back from mishaps before 

it worsens or cause more damage. HRO can bounce back from failures because it 

learns from past incidents. The errors are part and parcel of the organizational 
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setup and one should learn from them and move forward. The main goal is to have 

redundancies, so the system does not disable.  

5) Deference to expertise: This involves using highest level of expertise in solving 

the problem when the need arises as compared to watching whose job it is. The 

decision-making cascades does to the most expertise to tackle the problem on 

hand as compared to the hierarchy. This is in case of accidents and emergencies 

only.  

 

 

 

Figure 2.2: The model of collective mindfulness ( Adapted from Le Coze 2013) 

 

Several authors suggested characteristics of HRO that enhance their ability to be 

successful in specific operating environments, and some suggested all five hallmarks are 

not required. Khorsandi and Aven (2014) suggested risk management capabilities are 

essential to HRO as they reduce uncertainty, which increases reliability. Leveson, Dulac, 

Marais and Carroll (2009) stress that HRO must take a system approach to safety and risk 

management and must create technical and organizational designs requiring the fewest 

trade-offs between safety and other systems goals while remaining sensitive to risk. 

Saunders, Gale and Sherry (2016) generated practices and behaviours under the five 

hallmarks that might be observed in HRO project organizing. In addition to the solid 

management and leadership characteristics that are essential, they suggested the ability to 

prosper in the paradoxes is essential for HRO projects. Vogus and Welbourne (2003) 

differentiated reliability seeking organizations as the lower risk counterparts to HRO. 

They suggest that for reliability seeking organisations that are likely operating in 

competitive environment, the intensity of innovation is essential hallmark. Hales and 
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Chakravorty (2016) propose that fast, accurate and robust systems that facilitate feedback 

and improvement are essential hallmark of HRO.  

Hendrich (2017) describes how Ascension, the nation’s largest non-profit healthcare 

system, with sites of care in 24 states in the United States and in the District of Columbia 

adopted the principles of HRO transition from behaviour-based model to HRO.  

Ascension committed to becoming an HRO system wide and has trained 100,000 

associates and providers, board members and senior leaders on the principles of HR. 

During this journey, they had 19000 fewer mortalities that would have occurred at the 

historic maximum rate and they identified significant reductions in the rate of serious 

safety events and associated severity of harm. Four key insights were found from their 

journey to HR. The first was that they saw an increase in reporting of serious safety events 

and near misses, suggesting adherence to the HR principle of preoccupation with failure. 

Still they did find the evidence of underreporting. Complacency lurks around the corner 

thus every stakeholder is provided with basic knowledge and expectations were set to 

ensure continued organizational commitment and knowledge. Second was the capital and 

operating budgets challenge, it was limited. But without resources, a work environment 

that supports safety can suffer. They reserved a portion of capital each year to respond 

swiftly when unexpected external influences threatened safety at the front line. The third 

was when an unexpected event occurred, every patient deserved an explanation of what 

happened and why. Too often, fear of liability limits or influences how an organization 

communicates the facts of an event. Ascension engaged patients and their families in 

committees, design teams and focus groups to better understand and prevent safety-failure 

events and their input was valuable. The fourth is the that too often safety is treated as an 

initiative rather than transformation of culture. An HRO must commit to the 

understanding that leadership drives values, value drive behaviours and behaviours create 

the culture that produces the desired outcomes. Collectively, these actions form the 

culture that engages associates and providers in safety.  

It should also be noted that most important issue for organizational safety is flow of 

information. That is why safety culture is subdivided into many subcultures which 

emphasis on information flow as seen in figure 2.5. Commitment of safety culture, ability 

to operate in both centralized and decentralized manner, recognition of the importance of 

communication, avoidance of over-simplification, a wariness of success, a commitment 

to redundant systems are some of the features selected (Hopkins 2006). These features 

are recognized and factored in when a network of resilient safety culture is formed as 



28 

 

shown in later topic. When organizational culture is defined, then safety culture is 

discussed as its subset. 

2.4 Safety culture 

Safety culture is branched out of organizational culture (Trinh et al. 2018). Safety culture 

refers to the individual, jobs and organizational characteristics that affect employees’ 

health and safety.   

 

Figure 2.3: Safety culture (Adapted from Australian radiation protection and 

nuclear safety agency) 

 

Figure 2.3 shows a how safety culture is defined (Australian radiation protection and 

nuclear safety agency).  Safety culture is about people and how they work together. It is 

about people’s values, attitudes, beliefs and behaviours. In an organization with good 

safety culture, these are geared towards safety which is considered a priority. It is about 

the spread of these values, attitudes, beliefs and behaviours. Organizations with a good 

safety culture have these spread throughout from top management to shop floor and 

everything everyone does in the organization. 

The aim of positive safety culture is to create an atmosphere in which employees are 

aware of the risks in their workplace and are continuously on guard against them and 

avoid taking any unsafe actions. Thus, it is considered as an important management tool 

helping to control workforce beliefs, attitudes and behaviours with regard to safety 

(Fernández-Muñiz, Montes-Peón, and Vázquez-Ordás 2007). Many studies have been 

done on safety culture, but it has been seen that safety culture is not fully understood. 
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There has been gaps in the literature and there is no universal agreement about the 

definition or content of the term.  

Bandura’s (1986) model of reciprocal determinism as seen in figure 2.4 derived from 

social cognitive theory (SCT) talks about people are neither deterministically controlled 

by their environments nor entirely self-determining. Instead, they exist in a state of 

reciprocal determinism with their environments whereby they and their environments 

influence one another in a perpetual dynamic interplay. According to this theory, an 

individual’s behaviour influences and is influenced by both the social world and personal 

characteristics. 

 

Figure 2.4: Reciprocal safety culture model (Adapted from Bandura, 1986) 

 

For example, if there is a a new employee  who is a shy  who usually keeps to herself / 

himself (the individual/cognitive component), and enters the organization  onthe first day 

of the job  to find that all of the other employees  are already present (the environment), 

this employee  might try to be reserved and  avoid becoming the centre of attention (the 

behavioural component). But if other employee boisterously greets this employee  and 

invites  to show around the organization or the lunch room , the environment has 

introduced a new reinforcing stimulus  that could lead to a change in this employee’s  

normal routine and a change in her/his behaviour. 

Internal psychological factors are assessed via safety climate surveys, ongoing safety 

related behaviour is assessed via behavioural safety initiatives, situational features are 

assessed via safety management system audits.  

There are two latest models of safety culture, the first one is layer model and the other is 

triad model (Cooper 2000; Guldenmund 2000; Reason 2016). Layer model describe the 
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Figure 2.6: Safety culture structure (triad model) 

 

Understanding and comparing figure 2.5 and figure 2.6, it can be understood that 

psychological/ cognitive capabilities come under just culture, behavioural capabilities 

come under reporting culture, managerial/ contextual/ situational capabilities come under 

flexible and learning cultures (Cooper, 2000; Reason, 2016).  

It needs to be understood what safety climate is and how safety climate is different or a 

subtopic of safety culture since many authors have used it interchangeably. 

 

2.5 Safety climate 

The concept of work climate in the literature predates culture by about 40 years. Lewin, 

Lippitt and White (1939) made the earliest explicit reference to climate in an 

organizational setting in a study of the effect of leadership on the “social climate” in group 

of boys. Definitions of organizational climate reflect those presented of safety climate 

earlier. Another early recognition of the impact on managers on climate was by McGregor 

(1960) who recognized the importance of daily role-modelling behaviours of supervisors 

and managers in setting the climate. The concept of safety climate and safety culture were 

developed from their longer standing organizational counterparts, the theoretical 

development of these concepts indicates that they should be conceptually distinct.  

Safety climate (Zohar, 1980) is a term used to describe shared employee perceptions of 

how safety management is being operationalized in the workplace, at a particular moment 

in time (Byrom & Corbridge, 1997). Safety climate is a sub-component of the safety 

culture or a reflection of actual safety culture by others. Over the last 25 years, safety 

climate research has taken four directions: (a) Designing psychometric measurement 

instruments and ascertaining their underlying factor structures (b) Developing and testing 

theoretical models of safety climate to ascertain determinants of safety behaviour and 

accidents (c) Examining the relationship between safety climate perceptions and actual 

safety performance and (d) exploring the links between safety climate and organizational 

climate. 

It is generally accepted that safety climate is a “snapshot” of workforce perception of 

safety (Mearns, Flin, Fleming & Gordon 1997). Quantitative methods especially cross-
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sectional questioners have commonly been used to measure these perceptions (Denison, 

1996). Safety climate was viewed as an individual attribute as compared to organizational 

attribute. Safety climate model is composed of three factors. First is the employee 

perception of how active the management is with their well-being, second is employee’s 

perception of how active management is in responding to this concern and third employee 

physical risk perception (Dedobbeleer and Béland 1991) 

Safety climate has been modelled by the researchers over the years. For example, 

Seppala’s work produced a three factor model of safety climate; organisational 

responsibility for safety, workers’ concern about safety and workers’ indifference 

towards safety (Seppala, 1992), as did work by Donald et al. (1991) which revealed three 

facets of safety attitude; people or the organisational roles which make up the safety 

climate (e.g., supervisor, manager, workmates), attitude behaviour or aspects of an 

individual’s safety behaviour (e.g., knowledge, satisfaction, actual behaviour) and safety 

activity or type of safety behaviour (passive, e.g., wearing safety clothing; active, e.g., 

attending safety meetings). A study by Cox and Cox (1991) of employee attitudes in an 

organisation which manufactured industrial gases produced five factors: personal 

scepticism, individual responsibility, the safeness of the work environment, the 

effectiveness of arrangements for safety and personal immunity. A recent study by 

Niskanen (1994) studying road workers found two separate four factor solutions for 

workers and for supervisors. Both included attitudes to safety in the organisation, changes 

in work demands and safety as part of productive work. 

 

Now, since safety climate, safety culture and organizational culture is understood, this 

study discusses what is resilience to build up to understand what resilient safety culture 

is and how it is different from safety culture. Safety management systems will also be 

discussed in later topics. 

 

2.6 Resilience engineering 

Resilience in the system is what is required to bounce back from any strain in the system 

(Tinmannsvik, Oien, & Storseth, 2009). Resilience is sometimes called resilience 

engineering or RE. Resilience engineering is recognized as other alternative to traditional 

approaches in safety management. One of the definitions of resilience engineering is 

intrinsic ability of a system to adapt its function before or after the mishaps so it can 
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continue to work under both expected and unexpected conditions (Hollnagel 2013). It is 

also defined as “maintenance of positive adjustment under challenging conditions” 

(Sutcliffe and Vogus 2003).  

The definitions of resilience increasingly are being used across disciplines, discrepancies 

in what resilience means and how it is optionally defined both within and among fields 

still exist. For example, current conceptions in psychology emphasize resilience as a 

dynamic process but this has not always been the case. Researchers have defined 

resilience as a personal characteristic of the individual or a set of traits encompassing 

general sturdiness and resourcefulness and flexible functioning in the face of challenges 

(Sutcliffe and Vogus 2003).   

Understanding the dynamics of resilience has assumed greater urgency due to changing 

situations across the various areas of study. A resilience perspective helps to more 

accurately theorize organizational adjustment and adaptation in a world where 

organizations face increasingly complex and incomprehensible environments 

characterized by hyper competition and rapid change. In complex environments where 

the unexpected is an increasing portion of the everyday, organizations, their units and 

their members may have limited capacities to anticipate every challenge that could arise 

(Sutcliffe and Vogus 2003).  

The resilience has three categories of capacities. The first is the absorptive capacity. 

Second is the adaptive capacity and the third is the restorative capacity. These capacities 

can contribute to enhancing resilience of complex systems. Absorptive capacity is related 

to internal ability of a system to prepare itself for adverse scenarios. It is a capacity to 

absorb the impact of disturbances and to withstand those disturbances. Adaptive capacity 

is recognized as an important part of the resilience system. It is the internal capacity of 

the system to learn about the abnormal conditions and to adjust to the bad scenarios or 

events and to retrieve the system performance without any issue. Restorative capacity is 

the external ability of the system to facilitate the repair of the disrupted organization.  

Resilience is seen as quality of functioning which has two important consequences. The 

potential of resilience can be measured but not resilience itself. It is not enough that 

system is reliable, and the probability of failure is below a certain value. They must also 

be resilient and can recover from irregular variations, disruptions and degradation of 

expected working conditions. It cannot be engineered simply by introducing more 

procedures, safeguard, and barriers. Resilience engineering instead requires a continuous 
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monitoring of system performance of how things are done. In this respect, resilience is 

full of complexity (Hollnagel and Woods). The things which are done correctly or work 

as done need to be understood so to find the successful strategy and processes in place 

which help the resilience upkeep. The failures in the system are what has been previously 

monitored closely and rectified which may be fine but does the rectified system behave 

successfully or not is again something which need to be studied. 

Unexpected events are therefore often seen as consequence of lost control. The loss of 

control is not a necessary condition for unexpected events to occur. They may be due to 

other factors, causes and developments outside the boundaries of the system. Knowing 

that control is been lost is of less value than knowing when control is going to be lost. 

That is why when the definition of resilience is remembered which says that it does not 

lose control of what it does but is able to continue and rebound. To be in control, it is 

necessary to know what has happened in the past and what is happening in present and 

what may happen in the future. Also, need to know what to do when loss of control 

happens and if resources are available. Good human resource should be available to an 

organization and its development should be part of enhancing resilience for an 

organization.  There are principles for implementing resilience in an organizations as 

shown in table 2.1 (Mallak 1998). 

 

Table 2.1: Summary of resilience principles (Adapted from Mallak, 1998) 
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experience a higher level of intrinsic job satisfaction. Bricolage is essential element of 

resilience. The ability to fashion a solution on the spot differentiates organizations that 

are similar on price and quality parameters. 

The resilient individual has the capacity to make a good decision under conditions where 

the amount of information available is limited still he or she is tolerant towards 

uncertainty. Virtual role system in advanced form of work team relationships. The ability 

to see the team functionality as a whole by individual players in the team helps to run the 

team work easily even if there are some people or someone who is not available to work. 

Understanding of each other’s roles makes the team resilient as well as the organization.   

Knowledge is important both for knowing what to expect and for knowing what to look 

for or where to focus next. Lack of time comes about for number of reasons such as 

degraded functionality, inadequate or over optimistic planning, undue demands etc. 

Competence and resources are two other important abilities of the system to respond 

rationally. The competence refers to what to do and how to do and resources refer to 

ability to do it. Figure 2.7 shows the three qualities that a system must have to be able to 

control and therefore be resilient with time as the fourth quality. Continuous watchfulness 

and prepared to respond for the system are what makes it resilient. It also needs to update 

its knowledge, competence and resources by learning from successes and failures 

(Hollnagel and Woods ). 

 

Figure 2.7: Required qualities of resilient system (Adapted from Hollnagel et.al) 

 

 The challenge for health and safety is to draw up prevention strategies which adequately 

address complex, dynamic and unstable systems (Bergström, van Winsen, and Henriqson 

2015). The idea behind resilience engineering is that an organization must continually 
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manage risks and create an anticipating, monitoring, responding and learning culture. The 

response and monitoring are done by frontline workers as well as responses from the 

crises teams and represents those individuals who respond after the occurrence of a 

disruption or shock event. The anticipate and learning is done by long term organizational 

responses across the whole spectrum of operation.  

These are the four potentials of resilient systems. 

1) The first is the potential to anticipate which means being able to anticipate 

developments further in the future. When to start thinking about disruptions in the 

project or organization is very important. There should be expert who is available 

to look into the future. It can be hiring outside organization to look at threats. The 

assessments should be on regular intervals depending upon the availability of 

resources and complexity and time frame needed to look at the future scenarios. 

The scenarios should be communicated to all the stakeholders. Meetings should 

be done on frequent basis. Once the threat is recognized, does the company has a 

model which could be followed if that forecasted incident happened? How much 

far does the organization look into the future? Is it 1 month or 1 year or multiple 

years?  

    

2) Potential to monitor that means knowing what to look for that could seriously 

affect the performance of the system. In HRO theory, it discusses about 

mindfulness and sensemaking. That are useful in monitoring. When an 

organization is fully aware of the situation and can see holistically which is 

sensemaking, then the stakeholders can figure out if the project is going as per 

plan or deviating. Examples of some monitoring issues can be attention of crew 

on some issue, schedule impact and delays, quality or safety incidents, near 

misses, workers mood changes due to holidays coming or working overtime, 

communication delay or miscommunication, high fatigue, poor housekeeping 

leading to clutter. Leadership plays an important part in communication, it can 

help or break the perception workers have in their departments, no teamwork, 

leaders are incompetent and working with contractors and their employees who 

are not trained as much as the company employees, misfits in hiring etc.  

 

3) Potential to respond implies knowing what to do and respond to any changes or 

disturbances by modifying current mode of functioning.  Dealing with actual 
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disruption starts with accessing the situation and seeing if it is under the variability 

control or not. If it is out of control, then what needs to be done in that situation. 

The resources needed and what needs to be done and how it must be done is 

critical for an effective response. The responses can be predetermined as well as 

adaptive. It can be temporary or permanent solution. The responses can be 

predetermined such as if there is a fire in the building what steps need to be taken, 

to workers getting trapped in fire to excavations to highway accidents etc. Experts 

or third-party organizations can be their valuable inputs due to the experience they 

hold which can help in writing the predetermined responses. There can be 

dynamic scenarios for which predetermined responses are not thought after. The 

list of predetermined responses should be updated on regular basis. Another 

important question is when does the response be activated or initiated?. Is there a 

threshold when the responses need to be taken? For this passive and active 

indicator help in determining that scenario. The safety and productivity are two 

important thresholds on which the experts need to define the response initiation. 

The responses chosen should have been tested before or enough resources should 

be available when needed. When should it be seen that the situation is now under 

control and the response has been applied effectively?  

 

4) The fourth is the potential to learn which implies being able to learn from 

experience what had happened. The organization should have clear principle as to 

which events need to be investigated and learnt from. The learning should be from 

both successes and failures. The opportunity to learn from the accidents or 

incidents is less as compared to opportunities of learning from what goes right. 

This is related to continuous learning scenario. The learning includes proper 

support such as resources which need to be made available to collect data and do 

analysis on it. The learning should be disseminated to all the stakeholders so that 

the information should be timely used when required.  

 

Resilience can be described as an operational behaviour of a system after a shock event. 

The first response behaviour is robust which illustrates a system that can fully recover 

from the shock, second and third responses are ductile and collapsing respectively that 

means it can recover basic and critical functions after the shock event. The fourth and 

final response behaviour is adaptive behaviour which represents a system that could reach 
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a performance level higher than the original level. Figure 2.8 shows the relationship 

between the resilience behaviour response and level of service of a system.  

There are five level of service. First is the optimal level of service that is the theoretical 

condition for which the system was planned. The second is the normal level of service 

that means the system is performing as required and expected. The third is the acceptable 

level of service that means the system performance is partially degraded and with one or 

more of the systems output in disturbed mode. The degradation is limited and can 

maintain the service quality at acceptable levels. The unacceptable level of service where 

the system performance is severely degraded. The system is no longer able to accomplish 

its objective and tasks. Lastly , out of service level where discontinuation of service is 

achieved (Anderson et al. 2019; Robert et al. 2010). 

 

 

 

Figure 2.8: The relationship between resilience behavioural response and level of 

service (LOS) of a system ( Adapted from Anderson et al. 2019) 

 

Pillay et al. identified three dimensions of organizational resilience: cognitive, 

behavioural and contextual. Figure 2.9 shows the structure of organizational resilience 

structure.  
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Wood et. al tried to quantify resilience within large organizations. The method developed 

was based on operational definition of resilience that includes four event cycle phases 

which are plan, absorb, recover and adapt and four domains which are physical, 

information, cognitive and social. Interviews and literature reviews were conducted. 

Collected information informed the resilience matrix mapping via a two pass qualitative 

data analysis. Then a subsequent quantitative cosine similarity analysis was conducted to 

evaluate the resilience strategies of each sampled sub component (Wood et al. 2018). 

Which organizations can be called resilient organizations? Does an organization 

havingcertain characteristics which can help term that organization as resilient 

organization? The following characteristics was explained by Boin et al., 2013 as 

important characteristics. 

1) A clear awareness of core events that must be precluded from happening 

2) An elaborate set of procedures and practices directed towards avoiding these 

events 

3) A formal structure that can be transformed under conditions of emergency into a 

decentralized, team-based approach to problem solving. 

4) A culture of reliability. 

 

Why are resilient organizations needed? 

In traditional approaches to safety, there are some assumptions which are made. The 

accident occurred in the same way that they occurred before thus the emphasis on 

regulatory compliance. The regulations do help the individuals and organizations to avoid 

repeated scenarios or accidents, but they are too focused in nature. They don’t account 

for the unwarranted events.  It follows the linear systems in place such as Domino effect 

or Swiss cheese model. The focus is always what can go wrong but as to see what can go 

right and is going right (safety -II). Thus, resilient organizations follow methodologies 

which take system performance variability into consideration.  

 

The organizational resilience structure is used as the starting point for this study for 

defining resilience. This structure is further expanded to understand the correlation with 

safety culture and the layered model concept. The adaptive complex systems can be 

resilient if they can cope, repair themselves, and bounce back from an event.   
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2.7 Progression to resilient safety culture model 

Earlier HRO (high reliability organizations) was discussed, what are the differences 

between HRO and RE? HRO and RE have coexisted together. It should be understood 

that HRO comes in 4th era of safety and RE in 5th era. They both pay attention to the social 

conditions and the organizations strategies and abilities to cope with complexity. The 

relation between HRO and RE has been one of co-existence at arm’s length without any 

controversy between them (Haavik et al. 2016).HRO is a perspective and approach that 

describes characteristics of organizations with high complexities and tight couplings that 

experience extraordinarily few accidents. The two characteristic features of such 

organizations are their organizational redundancy in terms of overlapping work tasks and 

competencies and their ability to reconfigure spontaneously from clearly defined 

command lines to a more decentralised information decision structure in demanding 

situations. RE is a theory that explains the mechanism of both failures and successes in 

terms of variability and functional resonance and that particularly encourages studies of 

normal operations.  The culture which makes the organizations resilient is further 

discussed in the next topic of resilient safety culture.  

The RE thus uses the psychological, behavioural, and managerial constructs to define the 

resilient safety culture model as developed by Trinh. The development of resilient safety 

culture model has gone through various steps and the figure 2.10 shows it clearly how the 

resilient safety culture has developed according to Trinh et al.  
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Figure 2.10: Progression to resilient safety culture model ( Adapted from Feng and 

Trinh 2019) 

 

Trinh et al. developed this figure which shows three types of potential threat against which 

resilience protects as shown in zone 1. Zone 2 comprise of mechanisms by which potential 

threats can be managed and zone 3 is the three dimensions of resilient safety culture which 

will be shown in detail in chapter 4. This is the main difference between resilient safety 

culture and safety culture. The potential threats area managed well by the resilient safety 

culture.  

It should be noted that hazard prevention practice method is Swiss cheese model 

developed by Reason in 1990. Figure 2.11 shows the Swiss cheese model.  

 



45 

 

Figure 2.11: Swiss cheese model (Adapted from Reason 2000) 

 

In this method, the organization use the defences to prevent accidents which are denoted 

by slices of cheese but the holes in the slices which are the deficiencies which when they 

line up lead to an accident or near miss. Reason used the term latent and active failures 

which is different in meaning as latent is failures in the system which does not lead to the 

accident (as explained earlier) but they lie dormant leading to negative effect, they effect 

the system when they combine with other hazards or failures. The active failures are the 

unsafe acts by workers which causes negative consequences.  

The error management practice are those strategies which aim to detect and manage 

unintentional unsafe behaviour of workers. Human error theories consider human aspects 

as the main causes of accidents. They are categories into two types, behaviour models 

and human factor models.  Mindful organizational practice has been already discussed in 

the previous topic of HRO.   

Till now safety, safety culture, organizational culture, safety climate, HRO and resilience 

engineering along with resilience safety culture is understood. Now, further safety 

management system (SMS) should be understood, as this has been talked previously and 

has been understood to be very important and in conjunction with the resilient safety 

culture. It needs to be remembered that SMS is subset of safety culture. Also, SMS by 

itself cannot help reduce the accidents as earlier described.  

 

2.8 Safety management system (SMS) 

Management science uses various techniques such as quantitative, statistical and 

mathematics.  The topic of SMS evolved from the engineering disciplines and system 

safety. The SMS is amalgamation of safety and quality management systems as it evolved 

after understanding various big disasters in the history such as Chernobyl etc. SMS is 

very important since while dealing with safety culture, the influences of human and 

organizational factors play a role. Also, what is important is that management of SMS is 

more critical than managing safety culture in complex systems. There are major areas for 

good functioning of SMS.  
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The first is documentation then second is understood and accepted widely across the 

organization, third is all stakeholders should have internal consistency and fourth is step 

by step approach to handling safety by the management of the organization. The 

successful SMS were the ones which had good training done for its managers in safety 

management. As talked earlier about HRO, industries such as aviation industry developed 

SMS to manage safety issues thus increasing the safety performance. Thus, SMS was the 

only way to deal with accidents and incidents in industries such as aviation.  

When a SMS is implemented, the regulations, guidelines and standards are upkept and 

supported under the SMS umbrella. It helps integrate the various departments in the 

organization and define and delegate responsibility. The SMS framework given by FAA 

talks about four phases for a good SMS. The first is planning, then reactive, then 

predictive and then continuous improvement.  

Figure 2.12 shows the dynamics of SMS. There is the actual functioning of the 

organization, then the safety regulations applied to the organization then the external 

influences affecting the two previous elements then the SMS performance is guided by 

the key performance indicators (KPI). This shows the relationship between the SMS and 

the KPI. KPI in later topics will be discussed.  

 

Figure 2.12: Elements influencing and interacting in the function of SMS ( 

Adapted from Valdez Banda and Goerlandt 2018) 

 

Reason talked about three approaches to safety management. First is person model, 

second is engineering model and the third is organizational model. Person model  talks 
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about reducing individual injuries, the engineering model focusses on human machine 

interface and the third looks at the systems and processes in place in an organization. It 

has been found in the past studies that there is significant correlation between 

organizational safety culture and SMS. Poor safety culture associated with less functional 

SMS. The management commitment to safety is also linked with good implementation of 

SMS. Higher commitment to safety by management helps in high functioning SMS. 

Likewise, safety promotion is also positively corelated to safety management system. 

2.8.1 Comparison between HRO and SMS 

The SMS is displayed in two-dimensional space where there is degree of 

predetermination in the uncertainty management strategy and the degree of centralized 

control. The first combination is high predetermination and strong organizational control. 

It enables centralized risk management where the responses are predefined standards and 

regulations which reduces the variability in the system. Such systems are called 

normative-hierarchical (figure 2.13). The second is the adaptive-autonomous which leave 

the team the responsibility to manage the trade-off between risk and performance. This 

kind of system have safety emerging from adaptive processes with trial-and-error 

learning. The responsibility generally lies with the front-line workers. The third is the 

adaptive-hierarchical which exert strong organizational control over their operators by 

authority, training, compliance etc. but they are highly adaptive since predetermination is 

low as the situations they face are highly uncertain. They have highly trained front-line 

workers; the power and control are with the leaders of the organization.  The last is the 

normative-polycentric which operate in strong constraints of conformity and with defined 

specifications. The systems are divided into subsets and these cooperative systems work 

as networking cells. The front-line workers follow rules and procedures. The leaders 

define the guidelines and delegate to the small teams or cooperative systems in place. The 

main failure in this type of scenario can be cooperation and synergy.  

It must be noted that there is a difference between good functioning businesses and HRO. 

Some organizations such as airlines, nuclear plants or railways has high level of safety, 

but the question is can it be defined as HRO. HRO does not represent all the organizations 

with good SMS but only those which function according to HRO principles can be 

regarded as HRO. According to Levenson, the systems which are HRO based such as air 

traffic control or firefighting or others may not be complex, but the technical uncertainty 

is low in these organizations and the processes are stable. Figure 2.13 shows the domain 
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under which the HRO works and that domain has some corresponding SMS attached to 

it. It works with the low organizational control and high predetermination which come 

under the normative-polycentric SMS mode.  

 

 

Figure 2.13: HRO and safety management modes ( Adapted from Pariès et al. 

2019) 

 

The resilience engineering and safety management relationship is not similar to the HRO. 

The resilience should be component of every SMS. The proportion of the resilience in 

various departments like operations of organizational strategies vary depending on the 

nature and level of uncertainties. Figure 2.14 shows the SMS with RE present in each 

scenario.  Now, it can be understood why RE is 5th stage in era of safety evolution as 

compared to HRO which is at the 4th stage.  
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Figure 2.14: RE and safety management modes ( Adapted from Pariès et al. 2019) 

 

2.9 Safety performance measurement 

Performance measurement is an important measurement specially for safety to find the 

success of project. The project outcome is compared with the original goals to find the 

system performance. The effective usage of resources utilized is important parameter to 

justify the system performance. For project-based organizations, a proper risk 

management system acts as an effective tool for ensuring success of the project. Thomas 

Rockwell (1959) and William Tarrants (1963) were the first to introduce publications 

regarding safety indicators for occupational safety. Rockwell was looking for 

requirements for indicators which were reliable, quantifiable and easy to understand 

(Rockwell 1959). William proposed to include accidents as basis for indicators (Swuste 

et al. 2016; Tarrants 1970).   

 

2.10 Key performance indicators (KPI) 

Key performance indicator is performance measurement system which measures and 

monitors the performance of the organization.  The main goal historically has been to 

improve the productivity and profit of the organization. It evaluates the risk management 

performance and effectiveness. It is crucial to select the right KPI to access the 
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performance of the risk management system. Four characteristics are important for 

developing KPI. The first is the flexibility, second is the tangibility, third is the 

standardization and fourth is the objective focus. There can be many types of KPI (KPI, 

2017). The qualitative indicators can be subjective characteristics, quantitative indicators 

can be based on numbers or percentages, leading indicators can be predictive, early 

forecasters, lagging indicators can provide detailed measures of an activity after finishing 

it, input indicators measure the resources needed, process indicators can measure 

productivity and output indicators can measure the final results of the activity.  Lost time 

incident frequency (LTIF) represents the number of days of absence to work due to an 

accident, per million hours worked. This key safety indicator is important in the process 

industry. 

2.10.1 Leading indicators 

Leading indicators detect early warning signs or risks to predict the future system 

performance. The accuracy of the indicators depends on the type of indicator used and 

studied. They are used to correct course correction so there are no incident happenings. 

One of the examples is steam engine which in early days exploded due to no 

understanding of steam pressure, temperature etc. Once this was understood as the science 

developed, safety valves and monitors were installed to check the pressures and 

temperatures which acted as leading indicators for any explosion (Swuste et al. 2016). 

Selection of the right leading indicator is a challenge for safety managers along with right 

detection of signals from the system noise. This signal can be weak or with noise 

embedded in them that looking for the right signals or interpreting them is a challenge. 

What that means is that the safety manager can have lot of information from these leading 

indicators, but the expert views and experience helps in filtering the noise from the data 

received. Chrvala and Toellner talks about eight different standards to select the leading 

indicators. The first is that the leading indicators should be worth measuring and represent 

important aspects of the safety management system. Second is that they should be simple 

to understand. Third is that they should be able to measure different populations. Forth is 

that they should be easy to understand for people who need to act. Fifth is that they 

galvanize actions at various levels of the organization that means that the indicators 

should have impact at all the levels of the organization. Sixth is that indicators should be 

associated with all the actions that lead to continuous improvement. Seven is that  they 

should be measured over time that means they can have the ability to change over time. 
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And the last is be cost effective in terms of hours worked and resources allocated for that 

continuous improvement (Almost et al. 2019; People 2010 and Medicine 1999). Some 

examples of leading indicators are senior management commitment, continuous 

improvement, communication, competence, employee involvement in OHS and 

occupational health management.  Some of the leading indicators have significant 

relationship between them and safety climate and with positive safety climate leads to 

improved safety performance.  

2.10.2 Lagging indicators 

The indicators are called lagging if the measure is the reflection of the output and nothing 

can change the outcome, it is past performance measure. Occupational health and safety 

measurement relies a lot of lagging indicators such as injuries at the workplace which 

provide feedback information about deficiencies and incidents that have occurred 

(Sheehan et al. 2016). Lagging indicators are failure focused and measure events or 

outcomes that have already been happened.  Lagging indicators data can provide 

necessary information that can motivate people to work on improving safety performance.  

The major drawback to only using lagging indicators of safety performance is that they 

tell you how many people got hurt and how badly, but not how well your company is 

doing at preventing incidents and accidents. 

The reactionary nature of lagging indicators makes them a poor gauge of prevention. For 

example, when managers see a low injury rate, they may become complacent and put 

safety on the bottom of their to-do list, when in fact, there are numerous risk factors 

present in the workplace that will contribute to future injuries. 

2.11 Selection of KPI 

The first step is ownership of the KPI by management of the organization to ensure that 

the data is reviewed at the level where continuous improvement processes is taking place 

and resources allocated where needed. The second step is to pick the right tier 1 and 2 

indicators which are lagging indicators which can show the company performance and 

find the trend where the organizational levels are heading. The third step is to form 

barriers (checks and balances) so that there is no tier 1 and 2 information repetition. 

Indicators which show the performance of these barriers also need to be formed. The 

information is key to the organization on which the low, medium and senior management 
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take actions. The fourth step is to pick and select tier 3 and 4 indicators. This is very 

important step since leading indicators are very difficult to pick. As talked before, tier 3 

indicators reflect the unplanned and uncontrolled events which shows the failure of 

barriers including near misses. This tier 3 indicator is very important. Tier 4 indicator is 

work, efforts and investment (Report 456-process industry).  Step 5 is to collect and 

analyse all the data obtained by KPI and this should be part of continuous improvement 

cycle. Step 6 is regular review of all the barriers in place, system performance and KPI 

effectiveness. Regular review of elected indicators should be done so that right 

information is captured.  

 

 2.12 Project complexity  

Complexity is a term which is defined in various ways and there has been debate as to 

which definition is the most appropriate. Complexity can arise from variations and chaos. 

The project can become more complex due to these variations and chaos. (Baccarini 

1996) defined project complexity as “consisting of many varied interrelated parts and can 

be operationalized in terms of differentiation and interdependency.” The construction 

industry specially is prone to complexity and risk due to these factors. Thus, the dealing 

with project complexity in various scenarios is different and challenging. Projects because 

of these uncertainties can have missed deadlines, budget and scheduling changes. 

Baccarini described two types of project complexity. First is the organizational and the 

other being the technological. (Williams 1997) described these two types as structural 

complexity. Figure 2.15 shows the complexity defined by William. 

 

 

Figure 2.15: Project complexity- Adapted from Williams (1997) 
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Organizational is again divided into differential and interdependency. A complex 

organizational structure contains differentiated parts where more of these differentiated 

parts, the more the complexity. The differentiation can be vertical or horizontal. Vertical 

refers to the depth of hierarchical structure in an organization and horizontal means 

number of departments in an organization and division of tasks. In interdependency for 

organizational complexity, it is divided into pooled, sequential and reciprocal.  

In technological complexity, the technology converts inputs into outputs. This 

transformation process involves utilization of material means techniques, skills and 

knowledge. It is divided into uncertainty and complexity. It is also divided into 

differentiation and interdependency. In technological complexity by differentiation, it is 

defined by diversity of a task. In interdependency for technological complexity, it takes 

care of interdependencies between tasks, within teams, between teams, between different 

inputs and technologies.  

A complex project consists of several elements with large stakeholders. This can have 

large investment, advanced technology, long construction period or schedule. The 

complex project expectation can change and fluctuate continuously. To manage the 

complex large project, it needs a large management. This kind of projects are exposed to 

different complicated risks in its execution. The project can be said to be complex based 

on the various factors such as cost, team size, external factors etc. It can be defined as 

low, medium or large complexity projects.  

Resilient safety culture is the next step in making organizations safe which can be done 

using continuous improvement efforts using the tier 1 to 4 approaches using the foresight, 

recognising and anticipating approach to safety. The negative impact of project 

complexity on safety performance is therefore likely to be moderated by the resilient 

safety culture of the organisation. The project complexity leads to negative effect on the 

system performance, but resilience safety culture thus helps negate that effect as seen in 

the study by Trinh et al.   

 

2.13 Functional resonance analysis method (FRAM) 

FRAM is resilience engineering-based safety and accident analysis method which 

complements traditional risk analysis by providing deeper understanding of the actual 

functioning of the system. The socio-technical systems can be better understood using 
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FRAM then safety risk models or accident analysis. FRAM can identify and visualize the 

dynamic interactions better. FRAM is based on four principles. The first is the principle 

of equivalences of successes and failures. The second principle is principle of 

approximate adjustments. The performance variability in socio-technical systems are 

unpredictable. The principle of emergence is the third principle. The variability is not 

large enough to cause accident but the variability from multiple functions resonates and 

lead to consequences which are non-linear. The fourth principle is principle of functional 

resonance. This means that variability can exceed the normal limits and thus resonate. 

The FRAM model describe the system functions and couplings among functions. The 

model is described such that the purpose of modelling is clarified. Functions are identified 

and characterised using six basic aspects which are input, output, preconditions, 

resources, time and control. The function is represented as a hexagon that can also be 

called as snowflake as shown in figure 2.16 . The variability of the function is 

characterized such that it will be normal or abnormal. The dynamic couplings are 

identified which can play a major role. The main aim is to see if the variability from one 

function spreads to other functions or not. The ways in which the performance variability 

can be monitored and controlled such as barrier, modifications etc can be done.  
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Figure 2.16: Functional representation and the affects ( Adapted from Hollnagel 

2013) 

 

FRAM will not be used for this study, but this method can also be used to understand 

interactions between components. Future study can investigate FRAM to analyse the 

resilience safety culture model.  

Chapter Summary 

This chapter talks about various topics and how the safety literature is based on various 

theories and how various eras have evolved. It also shows a little glimpse of all the topics 

in summary and how they are all interrelated. How resilience engineering is better than 

HRO and how the SMS and RE together can be used to solve problems by using KPI.  
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Chapter 3: Research methodology  

 

The purpose of this chapter is to describe the research questions and conceptual model 

based on the literature review in Section 3.1. The chapter details the questionnaire 

development in Section 3.2. Section 3.3 describes the method selection for analysis 

utilised in the current study. Section 3.4 shows the quantitative analysis methodologies 

used in this study. Section 3.5 describes the qualitative analysis methodologies used in 

the study.  

 

3.1 Research layout 

Clarifying the design of the research is important for any study because it gives an 

overview of how to achieve the research objectives. Usually, the research design leads 

the researcher to make decisions about the purpose of their study, other researchers’ 

contributions to the area, the time frame, what to analyse and the appropriate method for 

data collection and analysis (Cavana 2002).  

Figure 3.1 illustrates the research design in detail. This research starts off with literature 

review to find the gaps in the literature (chapter 2). The research questions as outlined in 

the introduction chapter 1 are as follows. 

1) What are the different constructs, sub-constructs and indicators which defined the 

resilient safety culture? 

2) How to connect all the aspects of safety culture to make a resilient safety culture 

network? 

3) What are the interactions between the resilient safety culture constructs, sub 

constructs and indicators? 

4) How can the resilience in the safety culture of an organization be quantified and 

indexed?  

5) How quantifying resilience safety culture can inform an organization to enhance 

its safety culture? 
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Figure 3.1: Research activities design 

 

1) The resilient safety culture needs to be identified and modelled into various sub 

systems and factors. The conceptual resilient safety model has been generated 

using the literature but the difference in the model between the literature and the 
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model generated using this study is that the model is validated using Leximancer 

and also the subconstructs and indicators are different as it takes care of areas 

which were not covered by Trinh et al. This is the network structure which is used 

to design the survey.  

2) Leximancer is a qualitative tool which is introduced in chapter 4 will be used to 

modify the conceptual model as needed using the literature data collected. This 

tool will also validate the conceptual model generated. The prevalent themes in 

the literature will be discovered using this tool and how the holistic structure 

encapsulates the conceptual model will be studied.  Section 3.5.1 discusses about 

Leximancer tool in more detail. 

3) The next step is to develop a questionnaire for data collection in the form of a 

survey. Section 3.2 talks more about the questionnaire or survey development. 

This survey will generate average node weights and linkages for the fault tree 

analysis.   

4) Structural equation modelling (SEM) tool will be used to find the relationship 

between the constructs. This will help understand and validate the model as to 

how the constructs behave and how do their definition gets validated by using 

SEM. Chapter 5 and 6 gives detailed information on the development of SEM 

model and hypothesis supporting it or not.  

5) The model is fully understood and validated, and fault tree analysis (FTA) is 

incorporated to understand the linkage weights and relationships. Case studies 1 

and 2 in chapters 7 and 8 shows the FTA usage using the conventional FTA and 

fuzzy fault tree analysis.  

6) Resilience index is calculated for each network in an organization and this index 

helps in comparing multiple organizations irrespective of the number of survey 

responses or number of indicators present. It also helps in reducing linguistic bias. 

Chapter 7 and 8 shows the usage of resilience index using fuzzy synthetic 

evaluation approach.  

7) Chapter 9 will discuss the thesis in summarized form along with conclusions and 

discussions.  
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This research will be able to recommend the score achieved by any organization using 

the tool or methodology generated for resilience. This resilience is based on the 

behavioural, psychological and managerial capabilities of the organization. 

 

3.2 Questionnaire development 

In this section, the author has provided a summary of all the literature through which to 

measure the variables in this study (see Table 3.1). The questionnaire design and 

development are important part of the research process because it is the data collection 

tool for the main phase of the study. To collect good data, a survey of questions was 

designed using the literature review as seen in Table 3.1.  A five-point Likert type scale 

was used to measure the questionnaire items. The questions for the survey were referred 

from the literature review and modified for the current study.  

The survey is divided into 10 sections. Each section comes under three main topics A, B 

and C. Front line workers to managers, all need to participate. It will be taken into 

consideration that some frontline workers may not be able to interpret the questions 

properly that is why importance is given to hardcopy survey questions where people can 

ask questions and understand them before answering them. The author was present while 

the survey was delivered and available to answer any questions related to the survey. 

There is no bias in delivering the survey to participants neither by way of the gender nor 

by position they hold in the organization. The survey passed the ethical guidelines of the 

university.  

 

Table 3.1: Survey literature review 

Construct  
          Variable

  

Question     

section 
               Supporting literature 

Psychological 

capabilities 

Conceptual 

orientation/ strong 

ideological 

identity 

A1 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 
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Constructive sense 

making 
A2 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Behavioural 

capabilities 

Learned 

resourcefulness 
B1 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Counter-intuitive 

agility 
B2 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Practical habits B3 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Behavioural 

preparedness 
B4 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Managerial 

capabilities 

Deep social 

capital 
C1 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Broad resource 

network 
C2 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Psychological 

safety 
C3 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

Diffused power 

and accountability 
C4 

(Akgün and Keskin 2014a), 

(Schwab 1999; Sekaran 2000), 

(Tammy & Lengnick-Hall) 

 

3.3 Method selection for analysis 

The researcher has a choice of three basic methods to choose from. One is a quantitative 

method to test the hypothesis and make predictions. This method enables the researchers 
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to use numbers in statistical tests to ensure that the results have a statistical relationship 

and uses numbers to explain their findings. On the other hand, the researcher may use the 

qualitative method in which they describe the kind and quality of subject while 

interpreting. This method uses tests to explain their findings. Table 3.2 shows comparison 

between the qualitative and quantitative methods. The researchers may also employ a 

third type of method known as a mixed method in which the researcher uses the 

combination of quantitative and qualitative methods to describe an event or problem.  

 

Table 3.2: Comparing qualitative and quantitative research methods 

Dimension Qualitative method Quantitative method 

Focus Quality Quality, frequency, 

magnitude 

Philosophical root Constructivism, 

interpretivism 

Positivism 

Goals Understand, describe, 

discover 

Predict, test, control, 

confirm 

Design characteristics Flexible, evolving, 

emergent 

Structured 

Data collection Researcher as instrument Tests, surveys 

Question type Open ended Closed ended 

 

There is the advocacy of mixed methods usage in social sciences as one single method 

cannot sometimes be used since both methods: qualitative and quantitative have inherent 

flaws. This form of research strategy usually described as triangulation (Jick 1979). Both 

qualitative and quantitative methods should be viewed as complementary to each other 

as compared to the opposite. Triangulation is defined as a combination of methodologies 

and one basic assumption is that the effectiveness of the triangulation rests on the premise 

that weakness in every single method will be compensated by the counter-balancing 

strengths of other. Triangulation may not be suited for all research purposes as well. Time 

and costs may prevent its effective use, still, triangulation has a lot of strength which 

enhances and encourages productive research. There are three basic mixed methods 

designs (Classen et al. 2007; Feldon and Kafai 2008; Ivankova and Stick 2006; Way et 
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al. 1994; Wittink 2006). The following figures 3.2, 3.3, 3.4  show the mixed methods 

approaches. 

 

1) Convergent design 

 

 

Figure 3.2: Convergent design 

 

2) Explanatory sequential design 

Quantitative 

data collection 

Qualitative 

data collection 

Quantitative 

data analysis 

Quantitative 

results 

Qualitative data 

analysis 

Qualitative 

results 

Interpretation: the qualitative and 

quantitative results are compared 
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 Each division of research falls in a particular area in the cube as shown in the figure 3.5 

. The modes of reasoning fall into either inductive or deductive categories, ontology is 

described as either positivist or constructivist, and the epistemological position is 

characterized as either empiricist or rationalist (Siangchokyoo & Sousa-Poza, 2012).  

Note that classic quantitative methods as defined by both Creswell (2005) and Leedy 

(2013) fall into the lower, left, front portion of the cube, depicted in red, while qualitative 

methods appear in the upper, right, front portion, depicted in green. Since the methods 

used in this research is mixed method approach, this research uses the qualitative as well 

as quantitative methods and thus constructive and deductive approaches.  

 

 

Figure 3.5: Research Methods Cube- Adapted from Creswell’s (2013) Traditional 

Method 

 

3.4 Quantitative analysis 

3.4.1 Structural equation modelling (SEM) 

Structural equation modelling includes a diverse set of mathematical models, computer 

algorithms, and statistical methods that fit networks of constructs to data. SEM 

includes confirmatory factor analysis, confirmatory composite analysis, path 

analysis, partial least squares path modelling, and latent growth modelling. Structural 

equation models are often used to assess unobservable 'latent' constructs. They often 

invoke a measurement model that defines latent variables using one or more observed 

variables, and a structural model that imputes relationships between latent variables. The 
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links between constructs of a structural equation model may be estimated with 

independent regression equations or through more involved approaches such as those 

employed in LISREL.  

Use of SEM is commonly justified in the social sciences because of its ability to impute 

relationships between unobserved constructs (latent variables) from observable variables.  

SEM provides numerical estimates for each of the parameters (arrows) in the model to 

indicate the strength of the relationships. Thus, in addition to testing the overall theory, 

SEM therefore, allows the researcher to diagnose which observed variables are good 

indicators of the latent variables.  

Various methods in structural equation modelling have been used in the 

sciences, business, and other fields. Criticism of SEM methods often addresses pitfalls in 

mathematical formulation, the weak external validity of some accepted models and 

philosophical bias inherent to the standard procedures.  

Structural equation modelling, as the term is currently used in sociology, psychology, and 

other social sciences evolved from the earlier methods in genetic path modelling. Their 

modern forms came about with computer intensive implementations in the 1960s and 

1970s. SEM evolved in three different streams: (1) systems of equation regression 

methods (2) iterative maximum likelihood algorithms for path analysis and (3) iterative 

canonical correlation fit algorithms for path analysis.  

Both LISREL and PLS-PA were conceived as iterative computer algorithms, with an 

emphasis from the start on creating an accessible graphical and data entry interface and 

extension of Wright's (1921) path analysis.  

Advances in computers made it simple for novices to apply structural equation methods 

in the computer-intensive analysis of large datasets in complex, unstructured problems. 

The most popular solution techniques fall into three classes of algorithms: (1) ordinary 

least squares algorithms applied independently to each path, such as applied in the so-

called PLS path analysis packages which estimate with OLS; (2) covariance analysis 

algorithms evolving and (3) simultaneous equations regression algorithms. 

SEM path analysis methods are popular in the social sciences because of their 

accessibility; packaged computer programs allow researchers to obtain results without the 

inconvenience of understanding experimental design and control, effect and sample sizes, 

and numerous other factors that are part of good research design.  
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Two main components of models are distinguished in SEM: the structural model showing 

potential causal dependencies between endogenous and exogenous variables, and 

the measurement model showing the relations between latent variables and their 

indicators. Exploratory and confirmatory factor analysis models, for example, contain 

only the measurement part, while path diagrams can be viewed as SEMs that contain only 

the structural part. 

Parameter estimation is done by comparing the actual covariance matrices representing 

the relationships between variables and the estimated covariance matrices of the best 

fitting model. This is obtained through numerical maximization via expectation–

maximization of a fit criterion as provided by maximum likelihood estimation, quasi-

maximum likelihood estimation, weighted least squares or asymptotically distribution-

free methods. This is often accomplished by using a specialized SEM analysis program, 

of which several exist. 

Having estimated a model, analysts will want to interpret the model. Estimated paths may 

be tabulated or presented graphically as a path model. The impact of variables is assessed 

using path tracing rules. It is important to examine the "fit" of an estimated model to 

determine how well it models the data. This is a basic task in SEM modelling: forming 

the basis for accepting or rejecting models and, more usually, accepting one competing 

model over another. The output of SEM programs includes matrices of the estimated 

relationships between variables in the model. Assessment of fit essentially calculates how 

similar the predicted data are to matrices containing the relationships in the actual data. 

Formal statistical tests and fit indices have been developed for these purposes. Individual 

parameters of the model can also be examined within the estimated model in order to see 

how well the proposed model fits the driving theory. Most, though not all, estimation 

methods make such tests of the model possible. 

Of course, as in all statistical hypothesis tests, SEM model tests assume that the correct 

and complete relevant data have been modelled.  

There are differing approaches to assessing fit. Traditional approaches to modelling start 

from a null hypothesis, rewarding more parsimonious models (i.e. those with fewer free 

parameters), to others. Because different measures of fit capture different elements of the 

fit of the model, it is appropriate to report a selection of different fit measures.  

The model may need to be modified in order to improve the fit, thereby estimating the 

most likely relationships between variables. Many programs provide modification indices 
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which may guide minor modifications. Modification indices report the change in χ² (chi-

square) that result from freeing fixed parameters: usually, therefore adding a path to a 

model which is currently set to zero. Modifications that improve model fit may be flagged 

as potential changes that can be made to the model.  

While researchers agree that large sample sizes are required to provide enough statistical 

power and precise estimates using SEM, there is no consensus on the appropriate method 

for determining adequate sample size. Sample size requirements to achieve a significance 

and power in SEM hypothesis testing are similar for the same model when any of the 

three algorithms (PLS-PA, LISREL or systems of regression equations) are used for 

testing. 

The set of models are then interpreted so that claims about the constructs can be made, 

based on the best fitting model. Caution should always be taken when making claims of 

causality even when experimentation or time-ordered studies have been done. The 

term causal model must be understood to mean "a model that conveys causal 

assumptions", not necessarily a model that produces validated causal conclusions. 

Collecting data at multiple time points and using an experimental or quasi-experimental 

design can help rule out certain rival hypotheses but even a randomized experiment 

cannot rule out all such threats to causal inference. Good fit by a model consistent with 

one causal hypothesis invariably entails equally good fit by another model consistent with 

an opposing causal hypothesis. No research design, no matter how clever, can help 

distinguish such rival hypotheses, save for interventional experiments.  

 

3.4.2 Fault tree analysis (FTA) 

FTA is a semi-quantitative method through which the underlying causes of and incidence 

can be attributed to the top event. Fault tree analysis is a widely used method to determine 

the possible occurrence of undesirable events or failures in engineering systems. A fault 

tree may be described as a logical representation of the relationship of primary events that 

lead to a defined undesirable event known as the “top event” and is depicted using a tree 

structure with logic gates such as AND and OR (Anon).  
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The OR gate provides a true (failure) output if one or more inputs are true (failures). 

Similarly, the AND gate provides a true (failure) output if all the inputs are true (failures). 

The fault tree construction proceeds by generation of fault events in a successive manner 

until the fault events need not be developed further. Also, in developing a fault tree, one 

successively asks the question: “How could this fault event occur?” Although many 

symbols are used to construct fault trees, the two commonly used symbols are shown in 

Figure 3.6.  

                                    

Figure 3.6: a) OR gate      b) AND gate 

 

Based on the intersection rule, the probability of the occurrence of the AND gate output 

fault event, say A, is given by:  

𝑃(𝐴) =  ∏ 𝑃(𝑎𝑗)𝑚
𝑗=1        Equation (3.1) 

Where, 

 m is the number of AND gate independent input fault events.  

aj is the AND gate input fault event j; for j = 1, 2, 3, …., m.  

P (aj ) is the probability of occurrence of event xj  

This shows that the likelihood of output incidence is equal to the product of the likelihood 

of inputs incidence (this is for independent from each other). 

Based on the union rule, the probability of the occurrence of the OR gate output fault 

event, say X, is given by:  

𝑃(𝑋) =  1 − ∏ {1 − 𝑃(𝑥𝑗)}𝑘
𝑗=1     Equation (3.2) 

Where, 

k is the total number of OR gate independent input fault events.  
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Xj is the OR gate input fault event j; for j = 1, 2, 3, …., k.  

P (xj ) is the probability of occurrence of event xj 

 

If multiple inputs are connected to a single OR gate, the likelihood of the occurrence of 

the output is equal to the sum of the likelihood of the inputs (note that all the inputs must 

be mutually exclusive, that is the intersection must be null). This formula is not used 

rather the likelihood of each input is multiplied by its weight and then the sum of the 

weighted products is determined as the likelihood output.  

 

 

Figure 3.7: Proposed fault tree analysis for resilient safety culture 

 

Figure 3.7 shows the fault tree analysis of a resilient safety culture. This will be again 

explained in detail in later chapters, this is given here to show as an example. It is 

understood through literature that all the sub system level after resilient safety culture 

follow a AND gate which is a progressive relationship as defined by Cooper et al. The 

difference seen probability wise (if  the literature is not looked ) between AND gate and 

OR gate is that let us assume that behavioural capability has 1 probability along with 

psychological capability and 0 for managerial, then using the AND gate it can be 

concluded that there is no resilient safety culture as there is multiplication of all 

probabilities since there is no system in place for this safety culture  to function since 
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people can perceive about safety (psychological) and also behave  but if there is no static 

system in place there is no resilience in the culture but it is not that case using the OR gate 

since it is found that the system is accepted as having some probability of resilience. In 

case of factors which define the sub systems further, they all follow the OR gates, that 

means one factor can be present others can be absent and vice versa. 

3.4.2.1 Fuzzy fault tree analysis 

The fuzzy approach deals with fuzzy logic and membership function. This idea was 

first introduced by Dieter Klaua in 1965 and L.A Zadeh (Akter et al. 2019). There are 

three steps to implement the fuzzy logic technique. Fuzzification, fuzzy inference and 

defuzzification. The relationships between a parameter and the membership function 

are described by a fuzzy number (Rai, Sharma, and Lohani 2014). The value of the 

membership function ranges from 0 to 1. The fuzzy number can assume any justified 

shape according to the information available. Most common functions used to 

represent linguistic variable are triangular and trapezoidal (Huey-Ming Lee 1996). 

Fuzzification coverts the crisp data into fuzzy data or membership function, fuzzy 

inference combines the membership function with control rules to get the output and 

defuzzification lead to crisp output of the fuzzy number. Centroid and center of area 

method are the two most commonly used defuzzification methods  (Yager 1980). 

 

3.4.3 Relative importance index 

Relative importance index method (RII) is used to quantify the relative importance of all 

the indicators of RSC model. Various past studies have used RII method in different areas 

to understand the relative importance for the concerned factors identified and evaluated 

(Gündüz, Nielsen, and Özdemir 2013), (Sambasivan and Soon 2007). Equation 3.3 shows 

the RII, and how it is calculated. 

𝑅𝐼𝐼 =  ∑ 𝑊

(𝐴∗𝑁)
                Equation (3.3) 

Where RII= relative importance index, W= weighting given to each factor by respondents 

(Likert scale range from 1 to 5), A= highest weight (in this case it is 5) and N=total 

number of respondents. The RII value has a range of 0 to 1 where 0 is not inclusive, the 

higher the RII, the more important is the factor or indicator.  
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3.4.4 Fuzzy synthetic evaluation approach (FSE) 

As risk assessment is complex and ambiguous, qualitative linguistic terms are 

unavoidable (Wang et al., 2004). In addition, the perceptions on the likelihood and 

impact of risk factors by respondents are typically subjective and uncertain (Shan 

et al., 2015). The fuzzy set theory can deal with the problems relating to ambiguous, 

subjective and imprecise judgments (Pedrycz et al., 2011, Zhao et al., 2013). The 

fuzzy set theory also allows mathematical operators to be applied to the fuzzy domain 

(Ma and Kremer, 2015, Xia et al., 2011), and can quantify the linguistic facet of 

available data and preferences for individual or group decision-making (Zhao et al., 

2014a, Zimmermann, 2001). Thus, the fuzzy set theory is considered as appropriate 

for risk assessment. As an application of the fuzzy set theory, fuzzy synthetic 

evaluation (FSE) aims to provide a synthetic evaluation of an object relative to an 

objective in a fuzzy decision environment with multiple criteria (Mu et al., 2014). 

FSE has been adopted in several risk management studies. Fuzzy synthetic evaluation 

approach is used to calculate the resilience index.  

 

3.5 Qualitative analysis 

3.5.1 Leximancer 

For qualitative analysis and generating a model, Leximancer as a tool is used which uses 

all the relevant literature collected by the author and saturates it into this tool. Leximancer 

is a software for unstructured, qualitative textual data allowing you to increase the depth, 

rigour and objectivity of your findings. Leximancer examines word co-occurrence 

information in text and identifies the characteristic distribution of words. The analysis 

process is based on interdisciplinary principles from linguistics, machine learning, 

complex networks theory, physics, content analysis and information 

science. Leximancer’s ‘automatic concept extraction’ means that you’re not telling the 

program the concepts/taxonomy nodes as in other software programs. Instead, concepts 

‘emerge’ from the actual data. This provides a platform for unbiased, objective and 

automatic discovery whilst retaining user-controlled exploration.  

NVivo has also been used as an alternative to Leximancer. Leximancer provides a form 

of automated analysis based on the properties of texts, the use of NVivo requires the 

manual handling of data at various points (Sotiriadou, Brouwers, and Le 2014). NVivo 
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helps researcher to manage and organize data. It requires the researcher to code the data 

and to develop themes or categories. Leximancer, on the other hand produces results 

without the requirement of manual intervention. The main effort in Leximancer is to 

analyse the data and interpret the results effectively. A key consideration when using 

NVivo is that the analysis can be subject to researcher bias occurring in the manual coding 

process. So, the findings could be questionable unless the coding is unbiased and 

trustworthy. Seeing the comparison between NVivo and Leximancer, the author will use 

Leximancer as it is a better tool for this study.  

 

Chapter Summary 

This chapter talks about the research layout along with the research methodologies 

chosen. It also talks about the qualitative and quantitative methodologies which will be 

used in this thesis whose application will be seen in the case studies. Thus, it shows that 

this study uses mixed method approach where qualitative and quantitative methods are 

used to study the information provided.  
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Chapter 4: Development of resilient safety culture 

model 

 

Resilient safety culture is a new area of research in safety engineering. Resilience is 

required in modern, dynamic organisational environments to more comprehensively 

address safety issues. The resilient safety culture of an organisation can be attributed to 

behavioural, psychological and managerial capabilities as found in literature. To explore 

the concept of resilient safety culture in the extant literature, Leximancer (an automated 

text mining tool) was used to analyse 117 articles on safety culture including papers which 

dominate the resilient safety culture area to a) assess the existence of several constructs 

and b) how they are conceptualised (Section 4.1). There were two methodologies 

involved, one looking through focussed approach and other using holistic approach. The 

analysis revealed that there were four major themes: resilience, managerial, psychological 

and behavioural. These themes were discussed in relation to the current conception of 

safety culture in the literature and how the integration of resilience can further enhance 

an organisation’s safety culture. This chapter thus look at the main themes dominant in 

the literature and validates the literature review which was done to develop the resilient 

safety culture model (Section 4.2).  

4.1 Leximancer  

Leximancer allows research to conduct automated thematic and conceptual analysis of 

text based data, in this case, journal articles. The texts are partitioned into user-defined 

coding segments and then using baysian statistics. Leximancer analyzes the occurrence 

and co-occurrence of word pairs within the coding segments to uncover not only the 

concepts and themes within a piece of text (or texts) but to also find the connections 

between them (Heath and Swabey 2014a). Leximancer builds concept families aound 

words which it then uses to code or classify each sentence or two sentences block with 

the presence of multiple concepts. Leximancer has several advantages over traditional 

coding methods namely that it is automated, reducing the likelihood of human bias, and 

can analyse large masses of data (Heath and Swabey 2014b). With 117 papers being used 

in this study, Leximancer was a logical choice. Whilst this study is using Leximancer to 

triangulate and verify the established model, it has been used in contexts such as the 

improvisation in safety critical situations using Leximancer by Trotter (Trotter, Salmon, 
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and Lenné), and Colquhoun et al. studying the link between indigenous culture and 

wellbeing (Colquhoun and Dockery).  

Figure 4.1 shows the flow chart how Leximancer creates automatic map of the documents.  

Text preprocessing is the first phase of the processing. This phase converts raw 

documents into a useful format for processing. In the automatic seed extraction, the 

important concepts are automatically identified from the text. In the concept editing phase 

, the users have the option of deleting automatically identified concepts that are not of 

interest, adding extra concepts or merging concepts. Concepts in Leximancer are 

collection of words that travel together throughout the text. For example,”rifle” may have 

other terms such as “ammunition” or “bullet”. The learning phase identifies such clusters 

of words that surround the main term. Once the concept definitions have been learnt, each 

block of text is tagged with the names of the concepts that it contains. This process is 

similar to manual coding. The last phase of processing is “mapping” in which the 

conceptual map that displays the relationship between variables is constructed (Anon 

2005).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1: Phases of processing in Leximancer ( Adapted from Anon 2005) 

 

File selection: select documents to 

Pre-process text: specify text 

Automatic concept identification: select number of 

Concept editing: add, merge and delete 

Thesaurus learning: turn concept learning 

Locate concept occurrences: select concept to 

Map: generate map or concept 
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In this study, the goal of using Leximancer is to generate themes and concepts which help 

in building the  resilient safety culture model. Six electronic databases (CINAHL, Google 

Scholar, PsycINFO, PubMed, Scopus, and Social Science Journals) were searched using 

“resilience engineering” and “safety culture” as the keyword—i.e., TITLE-ABS-KEY 

(“resilience engineering,” or “safety culture”), to identify articles published or in press 

from January 1976 to December 2019. The search was limited to full-text articles and 

conference proceedings published in English. “Grey literature” was also searched by 

reviewing reference lists to identify any articles that may have been missed. The search 

of six databases and grey literature generated 3748 articles, from which 3631 duplicates 

were removed, leaving 117 articles for title and abstract screening. These 117 articles 

were used for holistic study. A further 78 were screened out at this stage, resulting in 75 

articles for full-text review. An additional 58 were deemed not eligible at this stage due 

to repetition, resulting in 17 studies for the final review and synthesis. These 17 articles 

were used for the focussed approach.  

The study collected journal articles which relate to safety culture (SC), resilience (R), 

psychological capability(P), behavioural capability (B) and managerial capability (M). 

The appendix A gives the whole list of these papers. The authors segergated the search to 

two types-focussed and holistic approach , one was the 17 focussed papers which they 

felt would extract enough information which they were looking for and the other was the 

total set of all the papers which had the 117 papers included along with other relevant 

papers. The 117 papers had broad list of papers which touched on the B, M, SC and P 

topics.   

4.1.1 Method 

The settings for the 17 focused papers were as follows. In the text processing options, the 

authors choose one sentence per block, selected break at paragraph, selected merge word 

variants. In concept seeds identification, the authors selected automatically identify 

concepts. Automatic concept identification is the phase of processing in which seed words 

are identified as the potential starting points of concepts.   In concept learning, selected 

learn concepts thesauras using source documents. In classification settings, selected 

behaviour, management, psychological and resilience as required concepts. Rest 

remaining settings were default settings. 

The settings for the 117 papers project was as follows. In the text processing settings, 

sentences per block was one, merge word variants were selected along with break at 
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paragraph. In concept seeds identification, selected automatically identify concepts. In 

concept learning, selected the learn concept thesaurus using source documents. Required 

concepts in classification settings were behaviour, management, psychological and 

resilience.   

Both the settings, focussed and holistic choose social maps in the concept mapping out of 

the social and topical maps. Social maps has more circular symmetry and empahisze the 

simmilarity between the conceptual context and the words appear. This type of map is 

best when entities tend to be related to fewer other entities. The topical map is more spread 

out which empasize the co-occurence between items. It is best for discriminant analysis. 

The topical map is more stable for highly connected entities such as topics. Topical 

clustering algorithm is more stable but will discover fewer indirect relationships. The 

cluster map should be considered as indicative and should be used for generating 

hypothesis for confirmation in the text data (Anon 2005).   

These settings were generated to focus on four themes only which is resilience, 

behavioural, managerial and psychological and how these four themes interact with each 

other and what concepts it generates using the focused and holistic approach. The goal of 

Leximancer was to identify which set of papers to follow and which themes were 

generated using both these approaches and also once the set of papers were identified 

from the two approaches, the resilient safety culture model was developed using those 

papers. 

4.1.2 Results 

4.1.2.1 Focussed approach 

Top four themes using the focussed as well as holistic approach are resilience, 

psychological, behavioural and managerial as configured for Leximancer to generate. The 

concept maps generated themes other than these four themes, then the inter-relationship 

between these themes cannot be understood. Figure 4.2 shows the amount of hits of these 

themes get using the 17 papers. The amount of hits are less as compared to holistic 

approach since the number of papers were less comparativily as seen in figure 4.2. 

Maximum hits were for resilience with 686 hits followed by  management, behaviour and 

psychological. Figure 4.3 shows the top emergent concepts with “resilience” and 

“capacity” are the most relevant. It shows that the resilience tops and subsequently 

behaviour, management and psychological are subsets.  
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need to focus since it is very complex capability and it gets influenced by the 

psychological and managerial capability together.  

 

 

 

Figure 4.4: Leximancer created themes using 17 focussed papers 

 

4.1.2.2 Holistic approach  

Figure 4.5 shows the top four themes including resilience, managerial, behavioural and 

psychological. Management with highest hits of 2828, resilience is second with total hits 

of 2611, third is behaviour with hits of 1121 and psychological with 192 hits. Holistic 

approach is further chosen for our study for the results since it gives bigger hits on 

relevant themes and has more data to work with. It also shows better results to generate 
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the resilient safety culture model. The themes in the Leximancer concept map are heat 

mapped that means the hot colours which are red, and orange denote the most important 

themes then comes the cool coloured blue and green which shows less important themes. 

Figure 4.6 shows the top ten most prevalent concepts including “management”, 

“resilience”, and “behaviour” with first, second and third. Concepts come under themes. 

Management which is top in the list of concepts which shows that this concept is most 

prevalent. The relevance is just a percentage frequency of text segments which are coded 

with that concept, relative to the frequency of the most frequent concept in the list. The 

most frequent concept shows 100% always. This does not mean that all the text segments 

contain that concept.  

 

 

Figure 4.5: Top level theme hits for 117 papares (Leximancer) 

 

 

 

Figure 4.6: Top ten words with relevance for the 117 papers (Leximancer) 
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Figure 4.7: Leximancer created lower order themes using 117 papers (holistic 

approach) 

 

Figure 4.7 and 4.8 shows holistic approach based themes and concepts. This shows more 

information and more saturation using large database. The themes are constrained to just 

four in figure 4.8 using higher order themes (theme size) but it shows more concepts and 

interconectivity. The resilience has the highest theme followed by managerial capability 

then behavioral and then psychological capability. It should be noted that as discussed  

further in the discussion section, psychological capability is the least focussed theme in 

the literature survey which should not be the case since the psychological capability is the 

foremost capability which the management or organization need to focus on before going 

to behavioral and managerial. Lot of papers on managerial capability shows high 

priorities given in the industry in this area and also in the related studies as well. 

Leximancer can easily see where the focus is while using the literature survey.  
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A leximancer theme is a group or cluster of concepts that have some commonality or 

connectness. The size of the theme has no bearing as to its prevelance or importance, the 

circles are merely the boundaries. Looking at the managerial capability theme, the 

following words like “management”, “crises”, “risk”, “problems”, “workers”, “policy”, 

“information”,”procedures” are various concepts which are prevelant to this theme. This 

is the theme which the literature talks about in the system in place where the HRM works 

and controls.  

 

 

 

Figure 4.8: Leximancer created higher order themes using 117 papers (holistic 

approach) 
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Figure 4.9: Psychological concept interconnectedness 

 

Figure 4.9 shows the Psychological concept interconnectedness with the other concepts 

in other themes. Similarly, other concepts can easily be seen how they are connected in 

the concept map. Appendix A shows the various references which were used to generate 

these concepts and themes for comparison with the RSC model. This table shows which 

papers focuses on which area and how all the areas are covered. A comprehensive 

literature review was done to generate the Leximancer results along with the RSC model.  

  

4.2 Resilient safety culture model 

Resilient safety culture is a new concept which has been proposed in order to cover the 

weaknesses of safety culture.  It is a safety culture with resilience, learning, continuous 

improvements and cost effectiveness (Shirali et al. 2016). Resilient safety culture is based 
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on three factors: 1) Psychological/cognitive capability 2) Behavioural capabilities and 3) 

Managerial/contextual capabilities to anticipate, monitor, respond and learn in order to 

manage risks in a resilient organization.  

Anticipating means knowing what to expect that is “how to anticipate more 

developments, threats and opportunities in the future, such as potential changes, 

disturbances, pressures and their consequences. Monitoring means knowing what to look 

for that means “how to monitor something that is a threat or can become a threat in the 

near future. Monitoring must include both what happens in the environment and what 

happens in the system itself that is system performance. Responding means knowing what 

to do that is “how to respond to the regular and irregular disruptions and disturbances 

through implementing a full and ready set of responses or through adjusting normal 

functions”. Learning means knowing what has happened that means “how to take lessons 

from experiences, in particular how to learn useful lessons from the experiences of 

success and failures” (Trinh and Feng 2019).   

The psychological/ cognitive resilience or capabilities of an organization that enables an 

organization to notice shifts, interpret unfamiliar situations, analyse options and figure 

out how to respond. Psychological resilience relates to sustaining pressures in a company 

environment.   It is a personality trait. Behavioural resilience of an organization comprises 

of established behaviours and routines that enable an organization to learn more about the 

situation, implement new routines and fully use its resources. Managerial / contextual 

resilience is combination of interpersonal connections, resource stocks and supply lines 

that provide a foundation of quick actions (Lengnick-Hall, Beck, and Lengnick-Hall 

2011).  

Comparing figures 2.5 and 2.6 in section 2.4 (safety culture) in chapter 2, it is found that 

“just culture” can only happen when there is “reporting” and “learning” cultures, so it is 

subset of “behavioural” and “managerial capabilities” and is shown in figure 4.10. This 

figure is proposed by author after understanding the current literature on organizational 

resilience, safety culture and resilient safety culture. This figure will be used in building 

up to resilient safety culture network model. This relationship justifies the accident 

causation model which explains the interactive relationship between psychological, 

situational and behavioural capabilities.  
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system is taken care by resilience characteristics of the system which enhances the system 

performance. Further, the three constructs will have sub constructs and indicators defined 

based on the literature review and Leximancer results. Appendix B shows the list of 

constructs and subconstructs and indicators.  

 

4.2.1 Psychological capabilities 

Research on psychological resilience has gathered momentum over the past two decades. 

In response to how resilience has been defined, conceptualized and theorized, the need 

for clarity and specificity has been recognized. In terms of impacting people lives, it is 

crucial that individual immediate environment is carefully managed to optimize the 

adversities they encounter in their lives. It has been found that people with history of 

some lifetime adversity reported better mental health and well-being outcomes than 

reported with no history of adversity (Fletcher and Sarkar 2013).  

Psychological/ cognitive capabilities of organizational resilience is based on constructive 

sense making and conceptual orientation (Akgün and Keskin 2014a; Lengnick-Hall and 

Beck 2005). Figure 4.12 shows the network of psychological/ cognitive resilience of an 

organization. This network is generated using the literature review and understanding the 

various subconstructs and indicators present in this construct.  

 

 

Figure 4.12: The network of cognitive capabilities of an organization 
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Organizations can foster a positive, constructive conceptual orientation through a strong 

sense of purpose, core value, a genuine vision and a deliberate use of language (Collins 

and Porras 2005; Freeman, Hirschhorn, and Triad 2003). Strong core values coupled with 

sense of purpose and identity encourage an organization to frame conditions in ways that 

enable problem solving and action rather than in ways that lead to either threat rigidity or 

dysfunctional escalation of commitment (Coutu, 2002.; Sutcliffe & Vogus, 2003). 

Constructive sense making enables firms and employees to interpret and provide meaning 

to unprecedented events.  

Constructive sense making relies on language of organisation to construct meaning, 

describe situations and imply both understanding and emotion. It requires attitude that 

balances the contradictory forces of confidence and expertise against scepticism, caution 

and search for new information. Each  situation is unique and contains features that may 

be subtle but that can be powerful in shaping consequences, relations and actions 

(Thomas, Clark, & Gioia, 1993; Weick, 1995). The mindset that enables a firm to move 

forward is blend of expertise, opportunism, creativity, and decisiveness despite 

uncertainty. Cognitive foundations require a strong knowledge on reality and desire to 

question fundamental assumptions. The ability to conceptualize solutions which are novel 

and appropriate is desired (Lengnick-Hall et al. 2011). 

Sense making refers to the “ongoing retrospective development of plausible images that 

rationalize what people are doing” (Weick, 2005). Sense making requires 1) attempts to 

make sense of reasons for disruption 2) actions 3) ongoing process through which 

individuals or organizations attempt to make sense of the circumstances in which 

collectively or individually they find themselves and determine how the situations affect 

them. Following disruptions, individuals or organizations are no longer able to remain in 

a sense of ‘‘things are progressing as expected’’ and thus they look for reasons that will 

allow them to resume their desired course of action.  

Although sense making is transient as an ongoing process, it is a central determination of 

behaviour, because meanings emerge that inform and constrain identity and action (Mills, 

2003). Ultimately, sense making is an attempt to organize cues in an experience to 

determine ‘‘what’s the story’’ or ‘‘what does an event mean’’ and some have summarized 

it as ‘‘meaning making’’ (Schwandt, 2005) and as identity forming. Sense making can 

occur at the individual and organizational level. At the collective level, sense making is 
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‘‘what is happening in the organization and its environment’’ (Schwandt, 2005) and it is 

social because individual cognitions leading to actions are drawn from social 

relationships and social cues (e.g., discussions with others in the environment) (Weick, 

1995; Weick et al., 2005).  

4.2.2 Behavioural capabilities 

Behavioural capabilities of organizational resilience are based on behaviour which helps 

get rid of any problems they face with their own ability and resources they have.  

Learned resourcefulness, ingenuity and bricolage are all the characteristics which are 

needed to cope with unprecedented challenges (Akgün and Keskin 2014a; Coutu 2002). 

It can be developed using practiced resources fullness and counterintuitive  agility along 

with useful habits and behavioural preparedness (Lengnick-Hall and Beck 2005). The 

ability to follow dramatically different course of action from what is the norm is 

behavioural elements of organizational resilience. Figure 4.13 shows the behavioural 

resilience of an organization in a network form. 

Behavioural resilience also relies on development of practical habits which are useful 

which provide first response to an unexpected threat. Organization which develop values 

that lead to habit of investigation as compared to assumption, routines of collaboration 

rather than antagonism and traditions of flexibility rather than rigidity.  
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Figure 4.13: The network of behavioural capabilities of an organization 

 

Behavioural preparedness helps bridge gap between divergent forces of learned 

resourcefulness and counterintuitive agility and convergent forces of useful habits. It also 

means organization learns from situations that emerge and unlearns obsolete information. 

Behavioural preparedness enables an organization to quickly spot an opportunity which 

others might miss. These organizations translate thoughts into actions (Ferrier, Smith, & 

Grimm, 1999; Miller & Chen, 1999). 

Comparing figure 4.8 and 4.4, it is found that as the focus moves from the focussed 

approach to holistic approach, the themes tend to merge closely showing that the themes 

are more closely related which is needed to generate the original model. The concepts 

tend to increase since the amount of papers are 117 as compared to the focussed approach 

which generate lot less concepts in the themes. Previous case studies done by authors  

found resilience levels reduce predominately because of reduction in behavioural 

capability. This is related to human resource management of organizations (Garg, 

Alroomi, Anwar, et al. 2019) since the psychological and behavioural both come under 

the HRM category. Figure 4.8 shows that resilience comprises of all the three themes and 

reduction in any theme can reduce the resilience levels of the organization.  

 

4.2.3 Managerial capabilities 

Managerial / contextual capabilities of an organizational resilience requires relationships 

within and outside an organization to facilitate effective responses to environmental 

complexities. It contains psychological safety, deep social capital, diffuse power and 

accountability and broad resource networks (Akgün and Keskin 2014a; Lengnick-Hall 

and Beck 2005). Figure 4.14 shows the network of managerial resilience in an 

organization.  

Psychological safety is the degree to which people perceive their work is conductive to 

taking interpersonal risks. When people perceive psychological safety, they are more 

willing to take these risks. Climate of psychological safety need to be established for 

organizational resilience (Edmondson 1999). 
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Deep social capital evolves from respectful interactions within the organizational 

community. Interactions which are rooted in trust, honesty and self-respect. Interactions 

build informal intimacy and creates collaborative sense making. It facilitates growth in 

intellectual capital. Also, it enhances resource exchange. It also eases cross functional 

collaboration between different kinds of people in an organization.  It also enhances deep 

bonds beyond immediate transactions and creates long term partnerships. Finally, it 

creates network of support and resources (Adler and Kwon 2000; Ireland 2002; Weick 

1993).  

Diffused power and accountability is another factor associated with creation of 

managerial resilience. Resilient organizations are not managed by hierarchical structures 

but by self-organization which create holographic structure where each part is fraction 

replica of the whole organization. Resilient organizations share decision making widely. 

Each holographic structure has discretion and responsibility for attaining best 

organizational interests (Mallak 1998; Morgan 1999). 

Broad resource network is the main element in the managerial capabilities of resilient 

organization. Resilient individuals have ability to forge relationships with others likewise 

resilient firms share relationships with supplier and strategic alliances for sharing 

resources. Resources gained through the network sharing promotes an assortment of 

interpretations for alternative applications of these resources. This leads to innovation 

leading to cultivation of constructive sense making (Judge, Fryxell, and Dooley 2000; 

Lengnick-Hall et al. 2011).  
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Figure 4.14: The network of contextual capabilities of an organization  

 

Figure 4.15 shows the detailed network of resilient safety culture incorporating all the 

factors related to managerial, behavioural and psychological capabilities. It can be seen 

from the network that it is quite complex and need a combination of methodologies to 

interpret the network due to its complexity. The inter-relationships between each factor 

and how it translates to its parent node and lastly to the resilient safety culture is 

something this PhD study would shed some light on. 
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Figure 4.15: Expanded resilient safety culture network  

 

After understanding the psychological, behavioural and managerial constructs and 

subconstructs and forty-two indicators which define the model. It needs to be understood 

how the three constructs behave in an organization. The following is the proposed 

conceptual model (Figure 4.16) presented broadly depicts the possible relationships 

connecting the constructs. It has three hypotheses.  
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influences psychological capability, that means the leaders and the management does 

influence and change the perception of the employees positively. Further chapters will 

investigate defining this relationship and find how the three constructs are dependent on 

each other.  

Chapter Summary  

In this chapter Leximancer tool was studied and how the tool generated the themes and 

concepts which defined the three psychological, behavioural and managerial constructs. 

These constructs thus find the various subconstructs and indicators using the literature 

and the model. It also shows the conceptual model generated using Leximancer which 

connects the resilience with system performance. A hypothesis is also made as to how the 

three constructs are interrelated in an organization. Following chapters would understand 

if the hypothesis made is true or not and what is the inter-relationship between the 

constructs.  
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Chapter 5: Measurement scale analysis  

 

In this chapter, the sub constructs and constructs were assessed to determine its overall 

reliability (Section 5.1). Factor analysis was performed on each scale to uncover and 

confirm factor structures. Exploratory factor analysis (EFA) is conducted to uncover the 

appropriate factor structures of the model construct as well as to assess the common 

method variance (Section 5.2). Confirmatory factor analysis (CFA) is employed to 

confirm and refine the identified structure of each model construct to ensure its reliability, 

validity and uni-dimensionality (Section 5.3). 

The data for this chapter (case study) is pilot study which was done on multiple sites in 

Kuwait in oil and gas industrial sector. This case study comprises of multiple locations 

either in remote areas or urban areas of Kuwait where these sites of various organizations 

are geographically set up. There are five companies X, Y, A, B, C which participated in 

the survey. Not all the companies have sites in both urban and remote areas. Only 

companies X and Y companies had sites in both urban and remote areas. Companies A, 

B, C have sites in remote areas only. The survey was in English and it was personally 

handed over and the survey questions explained well to all the participants. The 

participants were employees of the companies irrespective of their designation or gender 

or experience. 

5.1 Scale Reliability 

There are 10 different subconstructs from C1-C10 used in the questionnaire to measure 

the constructs proposed in the conceptual model and there are 4 constructs (P, B, M and 

RSC). To ensure that such set of measurement scales consistently and accurately captured 

the meaning of model constructs, an analysis of scale reliability was performed through 

an assessment of internal consistency and item-total correlations.  

5.1.1 Internal consistency 

Internal consistency refers to degree to which responses are consistent across the variables 

within a single measurement scale (Kline 2015). It is measured by Cronbach’s alpha 

coefficient. Cronbach’s Alpha is an index of consistency. Questionnaires are often used 
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by researchers to measure personal characteristics that are not directly observable. The 

questionaries developed to measure the constructs are typically comprised of multiple 

items with each addressing slightly different aspect of the construct.  It is a first measure 

calculated to assess the alpha coefficient around 0.9 is excellent, 0.8 to be very good and 

0.7 to be adequate. Values of 0.6 to 0.7 are lower limit of acceptability (Jr et al. 2009).  

The tables 5.1 and 5.2 shows the Cronbach’s alpha of the subconstruct’s measurement 

scales and construct measurement scales. The values range from 0.696 to 0.821 above the 

lower limit of 0.6.  

 

Table 5.1: Cronbach’s alpha of construct measurement scales 

 

Construct's 

Measurement 

Scale 

Construct 

Denotation 

Number 

of 

Variables 

Cronbach's 

Alpha 
Mean Variance 

Std. 

Deviation 

Psychological 

capability 
P 9 0.874 26.9 31.52 5.61 

Behavioural 

capability 
B 15 0.863  44.92 59.6 7.72 

Managerial 

capability 
M 18 0.918 52.69 110.14 10.49 

RSC RSC 42 0.945 124.53 431.0.19 20.76 

 

Table 5.2: Cronbach’s alpha of sub construct measurement scales 

 

Sub-construct's 

Measurement 

Scale 

Subconstruct 

Denotation 

Number 

of 

Variables 

Cronbach's 

Alpha 
Mean Variance 

Std. 

Deviation 

Conceptual 

Orientation 
C1 4 0.809 12.4 7.75 2.78 

Constructive 

Sensemaking 
C2 5 0.794 14.47 11.005 3.31 

Learned 

Resourcefulness 
C3 2 0.721 6.02 2.159 1.469 

Counterintuitive 

agility 
C4 4 0.765 11.29 7.036 2.35 

Practical Habits C5 5 0.821 16.23 12.095 3.47 

Behavioural 

Preparedness 
C6 4 0.696 11.36 6.437 2.53 

Deep Social 

Capital 
C7 6 0.803 17.89 15.16 3.89 

Broad Resource 

Network 
C8 4 0.681 11.49 6.26 2.5 

Psychological 

Safety 
C9 4 0.82 11.55 9.24 3.04 
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Diffused Power 

and accountability 
C10 4 0.825 11.74 8.14 2.85 

 

5.1.2 Item-total correlations 

The item-total correlation refers to the correlation of a variable with the composite score 

of all the variables forming the measure of the construct (Lu, Lai, and Cheng 2007). If all 

the variables share common core of same construct, the score of each variable and entire 

construct should be correlated (Churchill 1979). In SPSS, the value of item-total 

correlation is corrected. The value of the corrected item-total correlation of less than 0.3 

indicates that the variable is measuring something different (Pallant 2007). The following 

tables 5.3 to 5.12 show the results of item-total correlations. None of the variables is less 

than 0.3 so these variables are kept.  

 

Table 5.3: Item-total correlations of the C1 variables 

 

 

 

Table 5.4: Item-total correlations of the C2 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Having Attitude 0.548 0.756 

Mindset 0.597 0.736 

Ingenuity to develop new skills 0.599 0.734 

Common language 0.532 0.765 

Situation specific interpretations 0.579 0.741 

 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Sense of purpose 0.615 0.766 

Strong core value 0.673 0.737 

Prevailing vocabulary 0.561 0.79 

Highly visible moral purpose 0.657 0.745 
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Table 5.5: Item-total correlations of the C3 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Disciplined creativity 0.564 0 

Combine originality and initiative 0.564 0 

 

 

Table 5.6: Item-total correlations of the C4 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Ability to follow different course of action 0.455 0.766 

Engaging in non-conforming repertoires 0.62 0.682 

Have varied and complex action inventory 0.564 0.714 

Have diverse competitive actions 0.646 0.666 

 

Table 5.7: Item-total correlations of the C5 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Development of useful practical habits 0.483 0.821 

Develop habits of investigation 0.641 0.779 

Develop habits of collaboration 0.664 0.772 

Develop habit of flexibility 0.626 0.783 

Creating robust responses 0.668 0.772 

 

 

Table 5.8: Item-total correlations of the C6 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Ability to spot an opportunity 0.406 0.676 

Developing new competencies 0.552 0.587 
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Unlearning obsolete information 0.466 0.644 

Benefit from situations that emerge 0.506 0.617 

 

 

Table 5.9: Item-total correlations of the C7 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Respectful interactions within organization 0.61 0.766 

Face to face honest interaction 0.725 0.732 

Disclosure oriented intimacy 0.615 0.76 

Exchanging resources 0.342 0.818 

Sharing tacit information 0.622 0.757 

Cross-functional collaboration 0.507 0.792 

 

 

Table 5.10: Item-total correlations of the C8 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Forging relationships 0.363 0.679 

Relationships with strategic alliances 0.543 0.56 

Bond with various environmental agents 0.44 0.63 

Promote organizational slack 0.513 0.583 

 

 

Table 5.11: Item-total correlations of the C9 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Communicating without getting ignorant label 0.503 0.833 

Communicating without getting incompetent label 0.671 0.761 

Communicating without getting negative label 0.747 0.723 

Communicating without getting time water label 0.658 0.767 
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Table 5.12: Item-total correlations of the C10 variables 

 

Variable Description 

Corrected Item-

Total 

Correlation 

Cronbach' 

Alpha if Item 

Deleted 

Sharing decision making 0.715 0.741 

Creating organization structure 0.659 0.761 

Members have discretion and responsibility 0.566 0.813 

Replying on self-organization 0.642 0.767 

 

5.2 Exploratory factor Analysis 

Following the scale reliability assessment, Exploratory factor analysis (EFA) was 

employed to reduce the large number of variables into smaller, more manageable set of 

factors (Jr et al. 2009). In EFA, R factor or Q factor analysis can be used. R factor is most 

common type of analysis where analysis identifies a set of dimensions that area latent in 

large set of variables. It is thus adopted since the main objective of this analysis is to 

summarize the variables into set of new composite dimensions or factors rather than 

condensing the individual respondents into groups. The EFA is useful in preliminary 

analysis about the relations of the variables to underlying constructs.  

5.2.1 Factorability of data 

The suitability of data is factorised in terms of the intercorrelation between variables. This 

is known as factorability. The Kaiser-Meier -Olkin-index (KMO) and Bartlett’s test of 

sphericity are generally used to determine the factorability of such matrix.  

As shown in the table 5.13 and 5.14 , the KMO is between 0.5 to 0.827 for subconstructs 

and 0.89 to 0.94 for constructs which is above 0.5 (minimum acceptable standard)(Jr et 

al. 2009) .  The 139 cases in this study were more than 100 sample size which is the 

acceptable minimum limit and exceeds five times the number of variables which is the 

minimum requirement. The Bartlett’s test of sphericity statistic for each sub-construct 

was highly significant and is less than 0.001 level which indicates that there are adequate 

relationships between the variables. This confirmed the factorability of EFA for each sub-

construct (Jr et al. 2009; Pallant 2007).  
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Table 5.13: KMO and Bartlett’s test of sphericity for constructs 

 

Construct KMO 

Bartlett's Test of Sphericity 

Approx. 

Chi-

Square df Sig. 

P 0.890 477.519 36 0.0001 

B 0.89 477.51 36 0.0001 

M 0.894 1280.9 153 0.0001 

RSC 0.895 3477.6 861 0.0001 

 

Table 5.14: KMO and Bartlett’s test of sphericity for subconstructs  

 

Sub-construct KMO 

Bartlett's Test of Sphericity 

Approx. 

Chi-

Square df Sig. 

C1 0.773 178.19 6 0.0001 

C2 0.797 185.62 10 0.0001 

C3 0.5 52.27 1 0.0001 

C4 0.742 141.99 6 0.0001 

C5 0.827 226.055 10 0.0001 

C6 0.665 104.45 6 0.0001 

C7 0.779 289.97 15 0.0001 

C8 0.634 106.41 6 0.0001 

C9 0.786 200.82 6 0.0001 

C10 0.795 196.26 6 0.0001 

 

5.2.2 Factor extraction and rotation 

To produce a good solution, the EFA follows two steps. First is the factor extraction and 

the other is factor rotation and interpretation (Pallant 2007). To perform the factor 

extraction, the principal component analysis which is an extraction method is used for 

defining the factors. Once the factors are extracted, it was then possible to determine the 

degree to which the variables load onto factors, which was done by examining the factor 

loadings. Factor rotation was employed to achieve simpler and more meaningful 

solutions. Varimax orthogonal rotation was a good method to use since it is simple and 

common method. A specific criterion is used after factor rotations to justify the 

significance of the factor loadings. To ensure that variable in each factor had practical 
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significance, the recommended cut off factor loading of 0.5 was used (Jr et al. 2009). The 

results of EFA are presented in section 5.2.3. 

5.2.3 EFA results 

The EFA was performed for each subconstruct C1 to C10 using SPSS along with on P, B 

and M construct. The scree test identified 1 factor which accounted for 49.95% of total 

variance for P. The patterns of rotated factor loadings are shown in Table 5.15. Therefore, 

the one factor derived from the 9 variables is P11. 

 

Table 5.15: Rotated factor loadings for P construct 

 

Variable description Rotated component 

Component 1 2 3 

Sense of purpose 0.698     

Strong core value 0.768     

Prevailing vocabulary 0.659     

Highly visible moral 

purpose 0.788     

Having Attitude 0.705   

Mindset 0.704   

Ingenuity to develop new 

skills 0.757   

Common language 0.627   

Situation specific 

interpretations 0.637   

 

 

The scree test identified 1 factor which accounted for 43.89% of total variance for B. The 

patterns of rotated factor loadings are shown in Table 5.16. Therefore, the four-factor 

derived from the 15 variables is B11 (5 variables, component 1), B12 (4 variables, 

component 2), B13 (4 variables, component 3), B14 (2 variables, component 2). 

 

Table 5.16: Rotated factor loadings for B construct 

 

Variable description Rotated component 

Component 1 2 3 4 

Disciplined creativity .128 .043 .801 .137 
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Combine originality and initiative .036 .108 .844 .018 

Ability to follow different course of action .152 -.124 .378 .760 

Engaging in non-conforming repertoires .103 .438 .195 .657 

Have varied and complex action inventory .351 .514 .048 .413 

Have diverse competitive actions .343 .582 .108 .482 

Development of useful practical habits .548 .053 -.051 .403 

Develop habits of investigation .703 .408 .170 .023 

Develop habits of collaboration .751 .227 .029 .167 

Develop habit of flexibility .807 .032 .027 .070 

Creating robust responses .814 .112 .043 -.008 

Ability to spot an opportunity -.117 .172 .541 .413 

Developing new competencies .246 .795 .257 -.029 

Unlearning obsolete information .073 .794 .134 .068 

Benefit from situations that emerge .041 .306 .688 .191 

 

The scree test identified 1 factor which accounted for 39.69% of total variance for M. The 

patterns of rotated factor loadings are shown in Table 5.17. Therefore, the three-factor 

derived from the 18 variables is M11 (5 variables, 1 component), M12 (1 variable, 

component 2), M13 (5 variables, component 3). Cross functional collaboration is less 

than 0.5 so deleted. 

 

Table 5.17: Rotated factor loadings for M construct 

 

Variable description Rotated component 

Component 1 2 3 

Respectful interactions within organization .711 .115 .133 

Face to face honest interaction .726 .316 .228 

Disclosure oriented intimacy .632 .378 .099 

Exchanging resources .236 -.033 .729 

Sharing tacit information .428 .170 .631 

Cross-functional collaboration .485 .413 .113 

Forging relationships .064 .036 .729 

Relationships with strategic alliances .275 .123 .742 

Bond with various environmental agents .512 .494 .060 

Promote organizational slack .589 .453 .148 

Communicating without getting ignorant 

label 
-.068 .556 .670 

Communicating without getting 

incompetent label 
.383 .709 .135 

Communicating without getting negative 

label 
.234 .847 .079 

Communicating without getting time water 

label 
.274 .772 .056 
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Sharing decision making .646 .329 .306 

Creating organization structure .664 .246 .243 

Members have discretion and responsibility .691 .047 .127 

Replying on self-organization .595 .376 .249 

 

5.2.4 Summary of EFA results 

Based on the eigen value, scree test and the a priori criterion, the constructs P 

(psychological capability), B (behavioural capability) and M (managerial capability) were 

represented with various factors (total 8).  

5.2.5 Test of common method variance 

The EFA was also used to find the common method variance through Harman’s one factor 

test.  To undertake this test, the EFA was performed on all 42 indicators based on the 

criteria similar to above analysis. The results shown in Table 5.18 that there are 8 

components or factors extracted with eigen values greater than 1, with first factor 

accounting for 32.81%. This shows that common method variance was not of real concern 

in this study. 

 

Table 5.18: EFA results for common method variance test 

Component 

Initial eigen values 

Total 
% 

Variance 

Cumulative 

% 

1 13.781 32.811 32.811 

2 4.698 11.185 43.996 

3 2.118 5.044 49.040 

4 1.871 4.455 53.495 

5 1.399 3.332 56.827 

6 1.261 3.002 59.830 

7 1.167 2.778 62.608 

8 1.067 2.541 65.148 

 

5.3 Confirmatory Factor Analysis 

The EFA done in the last section uncovered number of factors and confirmed that the 

reliability of the measurement scales that structured the model constructs. To adequately 
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assess construct validity and one-dimensionality, confirmatory factor analysis (CFA) 

which is subset of structural equation modelling is done. The CFA is a way of testing how 

well the a priori factor structure and its respective pattern of loadings match with the 

actual data. EFA provides preliminary factor structure for each construct so CFA is 

employed to strengthen the concept.  

To accurately calculate the model parameters and fit indices, an appropriate estimation 

method is required. Maximum likelihood (ML) is the most widely used estimation 

method. This method requires an assumption of the univariate and multivariate normality. 

Sample size of 139 was substantial for conducting an EFA but is small for CFA since at 

least 200 is minimum that is required. Data characteristics justified the use of model fit 

indices chi-square/df, Goodness of fit index (GFI), Tucker Lewis index (TLI), 

Incremental fir index (IFI), comparative fit index (CFI) and Root mean square error of 

approximation (RMSEA). For the model to be acceptable fit, the following criteria need 

to be satisfied. 

1) Chi-square/df <3   ((Jr et al. 2009; Kline 2015) 

2) GFI, TLI, CFI, IFI >0.9   (Garson 2015) 

3) RMSEA<0.08       (Garson 2015; Jr et al. 2009) 

 

5.3.1 CFA results 

Assessing construct validity using CFA involves examination of convergent and 

discriminant validity. The convergent validity refers to the extent to which the measured 

variables of specific construct share high proportion of variance in common. The 

discriminant validity refers to the extent to which a construct is truly distinct from other 

constructs (Jr et al. 2009). The factor loadings should be greater than 0.5 for stronger 

evidence that the measured variables represent the underlying constructs. A variable with 

R-square of greater than 0.5 in order to demonstrate acceptable reliability. The correlation 

coefficient greater than 0.85 which is termed very high should be combined as single 

variable when inspection is done for discriminant validity. 

 The CFA was performed on each construct using AMOS which is extension of SPSS. 

The covariance matrix is used as the input data set. The factor loading, t value and 

significance level of each variable provide a measure for the convergent validity, the 
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value of R-square gives a measure with which to assess the reliability of the variables, the 

value of the correlation between factors provide an indication of the discriminant validity.   

The CFA for P construct is presented in figure 5.1 .  Chi square= 50.96, df=27, chi-

square/df=1.88<3, GFI= 0.925, TLI=0.93, CFI= 0.947, IFI=0.948 >0.9 and 

RMSEA=0.08 <0.08 

 

 

Figure 5.1: CFA model of the P construct                                                                                                                                                                                                         

 

The CFA for B construct is presented in figure 5.2.  Chi square= 164.37, df=86, chi-

square/df=1.911 <3, GFI= 0.872, TLI=0.871, CFI= 0.894, IFI=0.897 and RMSEA=0.081 
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 Figure 5.2: CFA model of the B construct                                                                                                                                                                                                         

 

The CFA for M construct is presented in figure 5.3.  Chi square= 232.6, df=116, chi-

square/df=2.005 <3, GFI= 0.844, TLI=0.878, CFI= 0.896, IFI=0.898 and RMSEA=0.085 

The TLI and CFI should be 0.9 or higher , we find that they are close to 0.9 which shows 

satisfactory fit.   
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Figure 5.3: CFA model of the M construct                  

                                                                                                                                                                                        

Chapter Summary 

In summary, the CFA results confirmed the factor structures derived from the EFA. The 

assessment of the scale reliability showed that the measurement scales which were used 

to capture the meaning of the model constructs were reliable. The item correlation of all 

the variables were substantial indicating that each variable adequately measured its 

underlying construct. The EFA was conducted of each individual construct to uncover 

the factor structures.  
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Chapter 6: Model assessment 

 

This chapter presents the detailed procedure undertaken to assess the conceptual model . 

This analysis stage was conducted, following the  confirmed validity, reliability and uni-

dimensionality of the model constructs described in chapter 5. The current chapter begins 

with Section 6.1, an overview of SEM, employed as the technique for evaluating the 

relationships between the model constructs. The technique is used to evaluate the 

sequential assessment of two main components: the measurement model (Section 6.2) 

and the structural model (Section 6.3). The data used is the same survey which was used 

in chapter 5.  

6.1 Structural Equation Modelling Overview 

SEM is an extension of a multivariate technique such as regression analysis which allows 

the use of multiple indicators to measure unobserved variables for example constructs 

while taking into consideration the measurement errors when statistically analysing data 

(Jr et al. 2009). It is employed to determine whether a theoretical model (a priori) is valid 

and validating and evaluating linear relationships among set of observed and unobserved 

variables (Shah and Goldstein 2006). The model used in SEM analysis is combination of 

measurement model and structural model. The former depicts the relationships between 

variables and the constructs which can be used to determine whether the construct is 

accurately measured. The latter represents the relationship between constructs only. The 

first step in the SEM analysis is to look at the measurement model and establish validity 

and unidimensional and then test the structural model to see the relationships between the 

constructs. 

6.2 Measurement model assessment 

6.2.1 Measurement model assessment criteria 

The measurement model was assessed using the CFA technique conducted similarly to 

that performed in the earlier places. The assessment of the model fit, the convergent and 

discriminant validity and the uni-dimensionality were based on the following criteria: 
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1) Model fit indices: chi square/df <3, GFI, TLI, CFI, IFI >0.9 and RMSEA <0.08 

((Garson 2015; Jr et al. 2009; Kline 2015)) 

2) Convergent validity: Factor loadings >0.5, t values >1.96 where p<0.05 and R 

square > 0.5 ((Jr et al. 2009; Koufteros 1999)) 

3) Discriminant validity: correlation coefficients for each pair of constructs less than 

0.85 ((Kline 2015))  

4) Uni-dimensionality: fit indices of the factor model, specified as unidimensional, 

satisfy the above model fit criteria. (Koufteros 1999) 

The reliability of the model was assessed using more accurate measure of composite 

reliability and average variance extracted rather than traditional Cronbach’s alpha 

approach. Composite reliability refers to the degree to which a set of two or more 

variables share in their measurement of a construct (Koufteros 1999). A high composite 

reliability indicates all the variables measure the same construct. A composite reliability 

greater than 0.6 is desirable.  

6.2.2 Measurement model results 

 The results of the measurement model are shown in the figure 6.1 . The model exhibited 

an acceptable level of fit with chi square=1396.98, df=769, chi-square/df= 1.817, GFI= 

0.681, TLI=0.773, CFI=0.787, IFI=0.791, RMSEA=0.077. All indicators have greater 

loadings than 0.5. The TLI, CFI, IFI and GFI should be greater than 0.9 but since chi-

square/ df is less than 3 and RMSEA is less than 0.08, the model fit indices are accepted. 

The model fit indices such as TLI, CFI range from 0 to 1 and greater the range better the 

model fit.  

As a discussion point, it must be noted that while fit indices are a useful guide, a model 

should also be examined with respect to substantive theory. By allowing model fit to drive 

the research process, it moves away from the original, theory-testing purpose of structural 

equation modelling. In addition, fit indices may point to a well-fitting model when in 

actual fact, parts of the model may fit poorly (Jöreskog and Sörbom, 1996; Tomarken and 

Waller, 2003; Reisinger and Mavondo, 2006). Indeed, the area of fit indices ‘rules of 

thumb’ is highly topical at the moment with some experts in the area calling for a 

complete abandonment of fit indices altogether (Barrett 2007). Others are less hesitant to 

denounce their usefulness but do agree that strictly adhering to recommended cutoff 

values can lead to instances of Type I error (the incorrect rejection of an acceptable 
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model) (Marsh et al, 2004). Although the debate is ongoing, it is unlikely that fit indices 

will become defunct any time soon (Hooper, Coughlan, and Mullen 2008).  

 

 

 

 

 

Figure 6.1: Final measurement model 
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6.3 Structural Equation Modelling 

Once the validity and uni-dimensionality of the measurement model is established, the 

structural model was assessed to examine the relationships between its constructs. The 

structural model was specified by replacing the double headed arrows representing 

correlations between the constructs to casual single headed arrows. They represent the 

hypothetical relationships as represented by the conceptual model. The following figure 

6.2 shows the structural model. The structural model assessment procedure included an 

examination of model fit indices and standardised path coefficients to provide a basis of 

the accept and reject the hypothetical relationships. The hypothetical relationships to be 

supported, the standard path coefficient need to be significant at p<0.05 level and greater 

than 0.3 to be considered meaningful.  

 

 

 

Figure 6.2: Structural model 
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6.3.1 Results of the structural equation modelling 

 Below shows the results. The model exhibited an acceptable fit where chi square = 

1396.98, df= 769, chi square/df= 1.81, GFI= 0.681, TLI= 0.773, CFI=0.787, IFI= 0.791, 

RMSEA= 0.077. All the three results were statistically significant with 0.399 to 0.814.  

It should be noted that TLI and CFI do not vary much with sample size.  However, these 

measures are less variable with larger sample sizes. The RMSEA is larger with smaller 

sample sizes. Thus, as discussed earlier, there is considerable controversy about fit 

indices.  Some researchers do not believe that fit indices add anything to the analysis 

(e.g., Barrett, 2007) and only the chi square should be interpreted.  The worry is that fit 

indices allow researchers to claim that a miss-specified model is not a bad model.  Others 

(e.g., Hayduk, Cummings, Boadu, Pazderka-Robinson, & Boulianne, 2007) argue 

that cutoffs for a fit index can be misleading and subject to misuse.  Most analysts believe 

in the value of fit indices, but caution against strict reliance on cutoffs.  

Finally, Kenny, Kaniskan, and McCoach (2014) have argued that fit indices should not 

even be computed for small degrees of freedom models.  Rather for these models, the 

researcher should locate the source of specification error. 

Table 6.1 shows that the managerial capability construct has very strong influence on the 

psychological capability construct and so all the hypothesis was true and positive.   

 

Table 6.1: Structural model results 

 

Path (Hypothesis) Standardised path 

coefficient 

t-value Hypothesis testing 

results 

P to B (H1) 0.491 3.133 supported 

M to B (H2) 0.449 2.767 supported 

M to P (H3) 0.859 8.167 supported 
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6.3.2 Model summary and discussion 

Based in the results, it can be concluded that the hypothesis is true. The managerial 

capability influences the psychological capability a lot as compared to behavioural 

capability. The psychological capability influences the behavioural capability as well, but 

the behavioural capability is a complex phenomenon where it is getting influenced by 

psychological as well as managerial capability.  
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Chapter 7: Case study 1-Interpreting model using 

basic approach 

 

This case study is done to interpret the model and it uses the basic approach. There are 

five companies whose data was used which have sites both in urban and remotes areas in 

Kuwait. Section 7.1 discusses the background why the social network analysis and this 

RSC model approach was chosen. Section 7.2 talks about the various companies involved 

in the survey to collect the data. Section 7.3 shows the relative importance index 

calculations which shows which constructs and subconstructs are important. Section 7.4 

shows the usage of FTA and finding the failure modes. Lastly, Section 7.5 calculates the 

resilience index of constructs.  

 

7.1 Background 

First, it needs to be understood what safety management system is, then safety 

performance, performance measurement and indicators to measure them. This will help 

identifying the indicators and help validate the results obtained by the survey.  

7.1.1 Safety management system monitoring 
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Figure 7.1: Safety indicator pyramid (Adapted from report 456- International 

association of oil and gas producers) 

 

A combination of measures is needed to monitor the performance of the safety 

management system (SMS). The figure 7.1 shows the four-tier framework for the safety 

key performance indicator (KPI). Tier 1 and 2 are lagging indicators that cover major and 

minor incidents. These two tiers comprise of loss of primary containment (LOPC) events. 

Tier 3 and 4 are leading indicators for company’s management system. It is specific to an 

asset or facility or organization. Tier 3 is used to monitor the performance of barriers that 

prevent tier 1 and 2 LOPC events (report 456). Tier 4 is used to monitor the 

implementation and performance of the SMS. Leading indicators need three elements to 

get effective KPI. These three elements are as following.  

1) Monitoring operational performance 

2) Internal and external reporting 

3) Reviewing the outcomes and find how to revise the SMS and add continuous 

improvement which is plan-do-check-act cycle.  

Tier 2 according to this study is lagging system performance indicator which for example 

can be injury rate and for tier 1 which is lagging risk indicator that can be one of the items 

in the survey or a single construct or combination of them. For example, psychological 

capability can be a lagging risk indicator or its sub constructs or items. Tier 3 and 4 which 

are leading indicators should be evaluated by encouraging sharing of company 

experiences and good practices. Tier 3 in the context of this study can be obtained using 

the resilient safety culture model survey which gives the leading risk indicator and for 

tier 4, there are multiple ways. Tier 4 is the leading system performance indicator. For 

example, the measure can be focused on equipment maintenance, inspection and testing, 

incident risk assessments, quality of operating procedures, contractor capability and 

management, audit actions, process safety initiatives, human resource development and 

training. Since leading tier 4 has lot of information, it is not very clear and transparent as 

to which risk indicator to focus on. Tier 1 is lagging so cannot prevent it. All four tier 

indicators come under key performance indicators (KPI) which can be system 

performance indicators or risk indicators. These four indicators help in prevention of 

incidents happening since the user get a holistic approach by understanding the leading 

and lagging indicators either system performance or risk indicators. Further, section 7.1.2 
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proposes a modified Swiss cheese model based on the understanding of these four KPI 

discussed above.  

 

7.1.2 Modified Swiss cheese model proposed 

 

Figure 7.2: Fault propagation illustration using modified Swiss cheese model 

proposed 

 

The incidents can be classified as near misses or accidents. This can be based on severity 

levels. Accidents generally have low probability of occurrence but can have high severity 

which can lead to major impact to the operations of an organization. Near misses on the 

other hand generally have high probability of occurrence but limited impact. The 

identification and reporting of the near misses’ events should be done to predict the 

accidents and thus reducing them. For this, strong reporting culture should be there in the 

organization. Every accident is preceded by near misses that trigger uncertain situations 

that eventually leads to an accident. Very few companies address near misses which 

otherwise can enhance performance of the organization. Even operations above or below 

normal ranges can be recognized as near misses because this can lead to incidents.  
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As shown in the figure 7.2 of proposed modified Swiss cheese model, there are four stages 

of propagation of incidents from the origin state to end state. The first is the origin of the 

special cause, second is the origin of the abnormal event, and third is the propagation of 

an abnormal event and the fourth is the attainment of the end state. The special causes 

refer to unexpected or sudden cause of variation due to which there is disturbance. For 

example, some human error or material defect or machine failure. Origin of an abnormal 

event happens when there is a combination of events or a single event originates as shown 

in the figure where the psychological, managerial, or behavioural capabilities race 

towards an incident due to special cause, causing an abnormal event. Here, it should be 

noted that abnormal event occurs when it exceeds the normal limits defined for the items. 

After that the incident happens which can lead to propagation of the abnormal event and 

later attainment of end state which in this case is a major accident event.  

The performance of a system needs to be measured continuously to understand what 

variations have occurred in the system and which barriers in place have been broken or 

crossed. For this situation, performance measurement plays a major role. 

This case study is pilot study which was done on multiple sites in Kuwait in oil and gas 

industrial sector to find the leading tier 3 risk indicators. This case study comprises of 

multiple locations either in remote areas or urban areas of Kuwait where these sites of 

various organizations are geographically set up. The survey generated is used to test the 

hypothesis if the survey questions can give enough direction regarding where the 

weakness lie in resilient safety culture model for these organizations and where the 

resources need to be focused and in what steps. The resilient culture model developed in 

earlier chapters need to be applied to these organizations to see how this model interpret 

their cultures and if study can give some positive results. Remote and urban sites were 

chosen since due to differences in infrastructure the resilience capacity would vary so it 

is easy to differentiate and study the resilient safety culture comparison.  

7.2 Company description 

There are five companies X, Y, A, B, C which participated in the survey. Not all the 

companies have sites in both urban and remote areas. Only companies X and Y companies 

had sites in both urban and remote areas. Companies A, B, C have sites in remote areas 

only. In this case study, various methodologies have been used and all use some or all 

data of the survey. If the companies are comparing remote and urban sites then only X 

and Y companies are compared, if the data is compared between total urban and total 
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remote then for urban only companies X and Y are used and for remote all the company’s 

data collectively is used.  

Company X was established around 40 years ago in Kuwait and has been doing 

engineering work for clients all over the Middle East.  The company business covers a 

wide range of services to major industries in disciplines such as instrumentation, 

Electrical, Mechanical, and Civil. 

Company Y is one of the fastest growing technical servicing firms in Kuwait. It is in 

association with technical management firms provide state of the art unlimited integrated 

services to several sectors. From initial engineering to final commissioning, this company 

has people and experience to successfully complete construction projects. It also is 

recognized for pigging pipelines.   

Company A was established around 40 years ago and is a premier company in Kuwait oil 

and gas sector in the field of electro-mechanical, civil construction, maintenance, 

fabrication, human resources and rental of heavy construction equipment.  

Company B is an engineering, procurement and construction contracting company well 

established and operating in Kuwait providing engineering, construction, commissioning, 

operation and maintenance services to oil and gas, petrochemical and power plant sectors 

in Kuwait. It was established in 25 years ago.  

Company C is a Kuwaiti public company established around 40 years ago. It is one of the 

largest engineering contractors in energy sector specialized in EPC contracts, 

construction contracts and maintenance contracts. It operates a large fabrication shop and 

fleet of construction equipment. It supplies engineering materials, capital equipment for 

refineries and oil field and medical equipment and consumables. 

7.3 Relative importance index methodology  

7.3.1 Remoteness, Mental Health and Safety Behaviour 

Remoteness in the current study is defined as physical isolation combined with the 

condition of being a worker in isolation from one’s family, friend and familiar 

surroundings. It has been found that working in an intensive and pressured work 

environment involves demands that can lead to psycho-social problems, including sleep 

disorders, stress, anxiety and depression (Love, Edwards, and Irani 2010), (Reichenberg 
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and MacCABE 2007). Anxiety and depression are found to be two major causes for 

mental health disorders. Mental illness has been identified directly to affect safety 

negatively (Siu, Phillips, and Leung 2004; Zheng et al. 2010). Alroomi and Mohamed 

(2018) developed a conceptual model in order to better understand the relationship 

between remoteness, mental health and safety behaviour (Alroomi and Mohamed 2018).  

Study done by Haslam et al., (2005) found effects of anxiety and depression, and of their 

treatment on both performance and safety in the workplace (Haslam et al. 2005). The 

study revealed an association with impaired work performance and safety for workers 

with anxiety and depression, both treated and not currently treated. In the oil and gas 

industry, a study found that an offshore environment increases the anxiety of workers 

compared with an onshore one (Parkes 1992). Chen et al., (2009) reported that 19% of 

offshore workers had obsession and phobic anxiety (Chen, Wong, and Yu 2009). Another 

study concluded that health and safety of workers were affected by offshore work due to 

restrictions which include isolation from family and community (Chen et al. 2003). 

Loneliness and being aloof from the social circle and working in remote areas lead to 

feeling more stressed at work as compared to urban settings. Number of indicators of 

isolation which lead to poor health are living alone, having small social network, low 

participation in social activities, and lack of social support and feelings of loneliness. In 

another investigation in Hong Kong, the psychological distress (depression and anxiety) 

level was found to predict accident rates, with direct mediating effects on accident rates 

and a negative relation with safety attitudes (Siu et al. 2004).  

The foregoing studies points to reduction in level of safety behaviour and perception 

(safety climate) which can cause reduction in an organization’s safety culture resilience 

levels for remote sites more than urban ones. This reduction in resilience reduces the 

effectiveness of an organization to deal with risk in a dynamic scenario. This study thus 

focuses on job location either remote or urban as an important parameter to test the 

hypothesis that the resilience of safety culture changes with change in workplace location. 

A survey was generated to understand how the various constructs and indicators of RSC 

respond with respect to change in work sites, and how it effects the resilience levels. It is 

assumed that the resilience variation in various organizations is not due to difference in 

organizations but due to its urban or rural settings. 
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7.3.2 Survey 

In this study, two organizations X and Y were surveyed. Both are working in the oil and 

gas sector in Kuwait with sites located remotely and urban areas. The surveys were 

completed by employees (i.e. engineers, supervisors, managers) who were English 

language conversant. That means they could understand the questions well. The survey 

was distributed in hard copies and the author explained all the questions to the employees 

so there were no quries in their minds. There were 42 items in the survey. The survey is 

shown in the appendix E. Nine items were for “psychological capability”, 15 items were 

for “behavioural capability” and 18 items were for “managerial capability”. Appendix B 

shows the breakdown. The items were inferred using the various indicators of RSC model 

shown in chapter 4. Likert scale from 1-5 was used, where 1 on the low side or lower 

expectancy and 5 on the higher side or higher expectancy. A total of 139 complete survey 

sheets were collected. Out of 139, 117 were remote data and remaining 22 was urban 

data. It should be noted that oil and gas industry in Kuwait is generally located in remote 

areas so getting more urban data was rather difficult. For comparison between remote and 

urban sites, companies X and Y data was first analysed using t-tests since the sample size 

was small for both urban and remote and then an analysis of variance (ANOVA) test was 

done for all remote data. Company X had 14 remote respondents and 12 urban 

respondents. For company Y, there was 10 respondents for remote and 10 for urban. Rest 

35 for company A, 30 for company B and 28 for company C all remote data.  

7.3.3 Un-paired T test 

Unpaired t-test was performed for companies X and Y which provided comparable 

sample size data for urban and remote sites. The unpaired t-test is used if the population 

means estimated by two independent samples differ significantly. For unpaired t-test for 

company X, the two tailed P value is less than 0.0001. By conventional criteria, this 

difference is extremely statistically significant. Table 7.1 shows unpaired t-test results for 

company X. 

 

Table 7.1: Unpaired T-test of Company X for Remote and Urban Sites 

 

Group Remote Urban 

Mean 3.032 3.662 
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Std Dev. 0.478 0.423 

 

Company X data can be used to decipher conclusions based on t-test significance. Data 

was further analysed for company X based on resilience safety culture constructs between 

remote and urban data. Table 7.2 shows urban capabilities in all the three constructs of 

RSC higher average mean as compared to remote data. The standard deviation was lower 

for remote on an average as compared to urban showing more consistency in answers in 

remote sites as compared to urban sites. This may be due to employees in remote sites 

being generally from same department or occupation whereas in urban sites the 

occupations may be different which can increase the spectrum of answers. Remote sites 

show that RSC indicators are impacted by site location and hence it can be inferred that 

resilience level in remote sites is less as compared to urban sites.  

 

Table 7.2: Resilient Safety Culture Construct Data of Company X 

 Remote Urban 

 

Average 

mean 

Average 

Std Dev 

Average 

mean 

Average 

Std Dev 

Psychological 

capability 3.4 0.341 3.7 0.445 

Behavioural capability 2.7 0.493 3.6 0.487 

Managerial capability 3.1 0.341 3.7 0.376 

 

For the unpaired t-test of company Y, the two tailed P value equals 0.0023. By 

conventional criteria, this difference is highly statistically significant.  Table 7.3 shows 

unpaired t-test results. 

 

Table 7.3: Unpaired T-test of Company Y for Remote and Urban Sites 

 

Group Remote Urban 

Mean 3.083 3.302 

Std Dev. 0.235 0.385 
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Company Y data can be used to decipher conclusions based on t-test significance. 

Hence, data of company Y was further analysed based on resilience safety culture 

constructs between remote and urban data.  

 

Table 7.4: Resilient Safety Culture Construct Data of Company Y 

 
Remote Urban 

 

Average 

mean 

Average 

Std Dev 

Average 

mean 

Average 

Std Dev 

Psychological 

capability 3.0 0.217 3.4 0.455 

Behavioural 

capability 3.1 0.195 3.1 0.242 

Managerial 

capability 3.1 0.264 3.5 0.357 

 

Table 7.4 shows urban capabilities in “psychological” and “managerial” show higher 

average as compared to remote data whereas for “behavioural capability” data was 

similar. Comparing X and Y results, it is found that they have a similar trend, hence it can 

be inferred that remote sites have less resilience capacity as compared to urban ones.  

7.3.4 ANOVA 

 To further analyse the remote site data, ANOVA test was performed. ANOVA test 

focuses on difference of variances. ANOVA is the best method to use (Kim, 2017) for 

finding differences in the mean for two groups or more that are mutually independent and 

satisfy the normality and equal variance assumptions. This ANOVA is called one way 

because the two or more samples being compared in the analysis differ on a single 

independent variable (Diekhoff 1992). There were 42 items asked in the survey.  

The null hypothesis in comparison of all the groups would be that the population means 

of all groups are the same whereas the alternative hypothesis is that at least one of the 

populations means of all groups is different. Therefore, among the 42 group of items, if 

the means of any two groups are different from each other, the null hypothesis can be 

rejected. When the null hypothesis is rejected from a single comparison, then the entire 

null hypothesis can be rejected. There are two types of variability in the data. One is 
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within group variance and other is between group variance. Within group variance 

variability is observed within any group given group’s distribution. The means of all 

groups differ. This variability between means is referred to between group variance. 

Examining the data, results of ANOVA are obtained and as shown in table 7.5. The F test 

or ANOVA test shows the F distribution which is formed by variance ratios. F statistic 

provides a numerical index that reflects the amount of separation between the group’s 

frequency distribution.  

For degree of freedom (df)-between is 41 and degree of freedom(df)-within is 4872, the 

critical value of F marking the upper 1% (alpha which is the confidence level for the 

individual statement about the parameter of interest) of the sampling distribution is 1.293. 

Obtained value of F is 5.308 which exceeds this critical value and thus has probability of 

less than 0.01 of occurring in samples that received identical treatment. It is most probable 

then that these samples have not been treated identically. The null hypothesis is thus 

rejected and declare our obtained value of F to be significant at the 0.1 level. This shows 

that means of resilient safety indicators are not same, and they differ. 

 

Table 7.5: ANOVA Results for 42 groups 

Source SS DF MS F F critical 

Between 

group 

142.29 41 3.47 5.308 1.293 

Within 

group 

3185.56 4872 0.654 
 

 

Total 3327.85 4913 
  

 

 

7.3.5 Relative importance index ranking 

Relative importance index method (RII) is used to quantify the relative importance of all 

the 42 indicators of RSC for remote sites. Equation 7.1 shows the RII, and how it is 

calculated. 

𝑅𝐼𝐼 =  ∑ 𝑊

(𝐴∗𝑁)
                 (7.1) 

Where RII= relative importance index, W= weighting given to each factor by 

respondents (Likert scale range from 1 to 5), A= highest weight (in this case it is 5) and 
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N=total number of respondents. The RII value has a range of 0 to 1 where 0 is not 

inclusive, the higher the RII, the more important is the factor or indicator. Table 7.6 shows 

the RII calculated and then ranked. Following abbreviations were used in table 6: G#-

group number, VLI-very low importance, LI-low importance, MI-medium importance, 

HI-high importance, VHI-very high importance.  

 

Table 7.6: RII and Ranking of Resilient Safety Culture Indicators for Remote Sites 

 

G# RSC indicators 
1: 

VLI 

2: 

LI 

3: 

MI 

4: 

HI 

5: 

VHI 
RII Rank 

Psychological capability (just culture) 

1 Sense of purpose     2 6 77 28 3 0.636 2 

2 Strong core value     1 41 48 25 2 0.576 17 

3 Prevailing vocabulary    1 34 59 21 2 0.581 15 

4 Highly visible moral purpose 
2 38 55 20 2 0.569 21 

5 Having Attitude     0 22 78 14 3 0.597 9 

6 Mindset      0 51 44 20 2 0.554 25 

7 Ingenuity to develop new skills 
3 34 56 21 3 0.578 16 

8 Common language 
2 38 51 19 3 0.550 27 

9 Situation specific interpretations 
1 49 51 15 1 0.542 35 

 

Behavioural capability (reporting culture) 

10 Disciplined creativity    1 26 69 19 2 0.591 10 

11 Combine originality and initiative 
2 42 50 21 2 0.564 22 

12 
Ability to follow different course 

of action 

1 17 78 20 1 0.605 8 

13 
Engaging in non-conforming 

repertoires 

1 49 47 19 0 0.540 38 

14 
Have varied and complex action 

inventory 

1 32 67 13 1 0.552 26 

15 Have diverse competitive actions 
0 53 44 18 0 0.530 40 

16 
Development of useful practical 

habits 

0 10 59 46 1 0.660 1 

17 Develop habits of investigation 
0 16 58 41 0 0.632 3 

18 Develop habits of collaboration 
0 19 44 50 0 0.632 3 

19 Develop habit of flexibility 
2 20 40 52 0 0.632 3 

20 Creating robust responses 
0 15 59 40 0 0.627 7 
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21 Ability to spot an opportunity 
0 29 72 13 3 0.583 12 

22 Developing new competencies 
1 43 54 17 0 0.542 35 

23 Unlearning obsolete information 
7 40 49 19 0 0.530 40 

24 
Benefit from situations that 

emerge 

0 46 52 16 2 0.550 27 

Managerial capability (flexible and learning cultures) 

25 
Respectful interactions within 

organization 

1 12 74 27 3 0.632 3 

26 Face to face honest interaction 
1 39 54 20 3 0.574 18 

27 Disclosure oriented intimacy 
2 47 52 14 2 0.544 34 

28 Exchanging resources    0 36 54 25 0 0.571 19 

29 Sharing tacit information 
1 45 49 21 0 0.550 27 

30 Cross-functional collaboration 
1 46 38 22 2 0.521 42 

31 Forging relationships    1 22 69 20 2 0.585 11 

32 
Relationships with strategic 

alliances 

0 48 48 19 0 0.540 38 

33 
Bond with various environmental 

agents 

1 45 55 14 2 0.550 27 

34 Promote organizational slack 
2 54 36 23 2 0.547 32 

35 
Communicating without getting 

ignorant label 

3 32 53 27 0 0.571 19 

36 
Communicating without getting 

incompetent label 

7 43 37 28 2 0.557 24 

37 
Communicating without getting 

negative label 

7 35 40 31 4 0.583 12 

38 
Communicating without getting 

time waster label 

7 43 38 26 2 0.549 31 

39 Sharing decision making 
2 36 62 17 0 0.561 23 

40 Creating organization structure 
3 21 74 16 2 0.583 12 

41 
Members have discretion and 

responsibility 

1 42 52 16 3 0.547 32 

42 Replying on self-organization 
3 45 49 18 1 0.542 35 

 

Table 7.6 shows “development of useful practical habits” indicator in “behavioural 

capability” construct ranked first. This indicator comes under “practical habits” construct 

which addresses the development of “practical habits” that are useful especially 

repetitive, over-learned routines that provide first response to an unexpected threat in an 

organization (Akgün and Keskin 2014a). Likewise, other ranked indicators are shown. 

These results show on which indicators, importance need to be focused on by the surveyed 

organizations. Further, sub-constructs (table 7.7) and constructs (table 7.8) relative 
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importance index are calculated and ranked. The sub-constructs head a set of survey 

questions and those are tabulated as a column in table 7.7. 

 

Table 7.7: RII and Ranking of Sub-constructs 

Groups RSC sub constructs 
Survey 

groups 
RII Rank 

1 Conceptual orientation 1-4 0.591 2 

2 Constructive sense making 5-9 0.564 6 

3 Learned resourcefulness 10-11 0.578 3 

4 Counterintuitive agility 12-15 0.557 8 

5 Practical habits 16-20 0.637 1 

6 Behavioural preparedness 21-24 0.551 10 

7 Deep social capital 25-30 0.566 4 

8 Broad resource network 31-34 0.556 9 

9 Psychological safety 35-38 0.565 5 

10 
Diffused power and 

accountability 

39-42 
0.558 7 

 

Table 7.7 shows “practical habits” as the most important sub-construct which is the 

same sub-construct where the highest ranked indicator is located as well followed by 

“conceptual orientation”. Table 8 ranks “behavioural capability” as the most important 

construct followed by “psychological capability”. 

 

Table 7.8: RII and Ranking of constructs 

G# RSC constructs 

Sub 

construct 

groups 

RII Rank 

1 Psychological capability (just culture) 1-2 0.576 2 
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2 Behavioural capability (reporting culture) 3-6 0.585 1 

3 
Managerial capability (flexible and 

learning cultures) 

7-10 
0.562 3 

 

7.3.6 Discussions 

For the two surveyed organizations X and Y, it was found that overall RSC is lower in 

remote sites as compared to urban. This can be since remoteness effects the mental 

capability of its employees as learnt in previous studies. Thus, it impacts the safety 

behaviour leading to low resilience as compared to urban one as shown in tables 7.2 and 

7.4. The most important construct to focus on is “behavioural capability” which relies on 

development of “practical habits” which in turn are useful in providing first response to 

an unexpected threat. This construct has the maximum relative importance index of 0.585 

as shown in table 7.8 followed by “psychological capability” and then lastly “managerial 

capability”. 

 In the sub-construct category, “practical habits” is ranked first which comes under 

“behavioural capability”. It is described as organizations which develop values that lead 

to habit of investigation as compared to assumption, routines of collaboration rather than 

antagonism and traditions of flexibility rather than rigidity. How these values are 

developed? This is through the reporting culture and that is the real emphasis which is 

shown in this research. These results are constrained to remote sites for oil and gas 

industry and it can differ for other industries and that can be part of the future research to 

find if these indicators which are shown as high importance for this sector does change 

or remains similar for other sectors as well or not. Loneliness thus can be inferred to 

reduce resilience as habit of investigation and reporting culture is reduced as these 

characteristics need vigilance and active responses.  

“Behavioural capability” refers to how people act which is related to human resources 

available to the organization. This also shows that some organizations just focus on 

“managerial capability” which is structure of the organization, its policies, procedures, 

management systems in place as compared to on its human resources. This human 

resource are employees and expatriates working in remote sites who need to feel satisfied, 

be in right state of mind, and have some means of reducing their loneliness which gives 

them impetus to lead the “reporting culture” construct.  
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Focus should be on “psychological capability” which is the safety climate or perception 

an employee makes of the organization. RII for this construct was 0.576 and “conceptual 

orientation” in sub-construct category ranked second. This perception enhancement is 

when the organization has strong ideological identity, has strong core values, sense of 

purpose and clear sense of direction along with capability, influence and competence. All 

these characteristics of an organization, collectively, comprise “conceptual orientation”.  

This “conceptual orientation” seem to be reduced for remote employees since safety 

perception gets somehow reduced for expatriates due to loneliness and depression giving 

a perception that the company is not doing enough for giving them a good work 

environment to live and work. 

In conclusion, it is understood that remote sites need to enhance their resilience levels as 

compared to urban sites. The “behavioural capability” should be the primary focus of 

remote sites. Also, this study promises to show that the original model conceptualized for 

RSC does give good pointers regarding where the focus should be regarding enhancing 

resilience levels. In this study, loneliness and mental health effect either the 

“psychological capability” or “behavioural capability” construct of the model. Further the 

study generates resilience levels in the organization and use fault tree analysis to 

understand failure modes. 

7.4 Fault tree analysis methodology 

FTA helps determining all possible situations that can result in the occurrence of 

undesirable event as discussed in chapter 3. Analogy of this concept with RSC is made 

and in the case of RSC, the fault tree model can help to identify the probabilistic 

estimation of resilience (top event). The higher the probability of occurrence of individual 

construct and its sub constructs (downstream nodes of the fault free), the higher the 

probability of the safety culture to be more resilient. Probabilities of sub-constructs can 

be estimated by conducting a survey which is discussed in section 4.2. Figure 7.3 shows 

the proposed fault tree for RSC which includes 3 constructs and 10 sub constructs of the 

RSC model as discussed in the chapter 3 as well.  

It is understood through literature that all the constructs of RSC follow an AND gate 

which is progressive relationship as defined by Cooper et al (Cooper 2000). This is 

assumed that resilience level can only be achieved if employees can perceive about safety 

(psychological) and have behavioural capability and have managerial system in place. In 

the absence of any of these three, there is no resilience in the culture. However, in the 
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case of measuring sub-constructs and indicators, OR gates are used. This is mainly 

because OR gates are parallel relationship which allows achieving a construct (or sub-

construct) partially even one sub-construct (or indicator) are absent. As an example, some 

degree of ‘Behavioural capability’ (which is a construct) within an organisation is 

possible to achieve even some of its measuring sub-constructs or indicators are absent.   

It should be noted that the OR and AND gates are used in this study because it is assumed 

that the indicators, sub-constructs and constructs all follow the true relationships as 

defined. There is no cross relationship. This is the limitation and assumption of this study. 

Further work needs to be done to understand these relationships more using structural 

equation modelling and other techniques and other gates can be used once this concept is 

validated.  

Behavioural capability construct is used as an example to show the breakdown of FTA 

in more detail towards the events level. Figure 7.4 shows illustration of the construct 

“Behavioural capability” denoted by B0 (Chen, Zhang, and Cao 2016). After OR gate, 

B1, B2, B3, B4 are its sub constructs namely “Learned resourcefulness”, 

“Counterintuitive agility”, “Practical habits”, Behavioural preparedness”. X10 to X24 are 

the basic events or indicators (Garg, Alroomi, Anwar, et al. 2019; Garg and Mohamed 

2018). There are 42 indicators in the whole RSC. Probabilities of achieving each 

constructs and sub-constructs can be estimated by conducting a survey among employees 

within the organisation.  

 

Figure 7.3: Proposed fault tree for resilient safety culture (proposed in chapter 3) 
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Figure 7.4: Proposed fault tree for “Behavioural capability” B0.  

 

Equation 7.1 shows the construct’s probability which is calculated using summation of 

weighted sub constructs.  

 𝑃 =  ∑ 𝑎𝑖𝑝𝑖
𝑛
𝑖=1                                                                             (7.1) 

P is the relative probability of construct B0, a is the factor weight and p is the probability 

of various sub constructs. The reliability probability of this sub-system is calculated using 

equation 3.1. PBO is the total probability of this sub-system where as p1 is the probability 

of the node B1 (sub construct) which is calculated using the equations 7.1 and 7.2 

relationships using p10 and  p11 likewise other probabilities like p2, p3,  p4 can be calculated. 

The weight of node B1 is a1 whereas a10 is the weight for node X10 (indicator). Equation 

7.2 calculates the probability for parallel relationships which means happening together 

since this system has OR gates.  

It is assumed that the weightages are same for each indicator in same sub construct level 

and same weightage for each sub construct under similar construct level. The parallel 

relationships (OR gates) are independent of each other so they are assigned weights but 

progressive (AND gates) are not independent so no weights are assigned (Ebrahemzadih 

and Haedari 2016). This is the construct level where no weights are assigned. 

                              PBO = a1p1 + a2p2 + a3p3 + a4p4                                                                 (7.2) 

                              p1 = a10p10 + a11p11  

      p2 = a12p12 + a13p13 + a14p14 + a15p15  

      p3 = a16p16 + a17p17 + a18p18 + a19p19 +a20p20  

     p4 = a21p21 + a22p22 + a23p23 + a24p24 
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Finally, using equation 7.3, relative probability of the progression relationships (AND 

gate) is calculated which means factors happen in-sequence. Superior factor’s (top event) 

probability is the product of inferior factors (all three constructs). In this case, equation 

7.1 is used to calculate RSC. 

𝑃 = ∏ 𝑝𝑖
3
𝑖=1                                                                   (7.3) 

 

7.4.1 Model application 

In order to test the applicability of the FTA model of RSC, a survey was conducted using 

relevant items listed and discussed in the RSC model and was given to employees 

working in two organizations X and Y. Both organizations have sites in rural and urban 

areas which show varying resilience levels in these organizations. This variation thus 

gives a good case study to show how resilience level can be gauged and what probability 

of occurrences are for various constructs and sub constructs.  This study thus proposes a 

tool through which resilience levels of organizations can be gauged using the RSC survey 

and FTA methodology and thus help in comparison, resource allocation and weak paths. 

The importance of FTA is showing the weak paths and thus nodes which have low 

resilience levels from the indicator to the construct level. Unidirectional approach from 

indicators to subcontracts to RSC is taken while the resilience information is 

disseminated. It should be noted that once the weaknesses are visualized and calculated, 

the RSC model defined in earlier studies prioritizes the resource allocation. A flow chart 

in further sections will help understand the whole sequence in more detail. 

7.4.2 Analysis of results 

The survey generated data which informed about each indicator or items present or 

absent in the various sites of both organizations. The higher the Likert scale probability 

the better the resilience level as previously explained in the earlier section.  Tables 7.9, 

7.10 show relative probability of occurrence for these sub constructs and constructs along 

with final organizational resilience levels. This resilience level (RL) can be seen by 

equation 7.4. It states that this data interprets probability of occurrence at indicators or 

event levels and this resonates to its resilience capability. So, if probability of failure is 

calculated for any event or any failure mode at any sub construct or construct level, it can 

be seen through equation 7.4.  
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Failure probability (Top event) = 1- resilience level (RL)                                  (7.4) 

 

Table 7.9 shows the company X and company Y resilience levels for urban and remote 

sites for all the sub constructs. These sub constructs fall under the three main constructs 

psychological, behavioural and managerial as shown in figure 7.1. For example, in table 

7.9, probability of resilience for “Conceptual orientation” sub construct is 0.721 for 

remote sites which means the probability of failure is 0.279 for company X in remote site. 

This probability is purely based on the survey inputs. This can be a limitation for this type 

of study, the more the data better are the results and interpretation but since two 

companies are compared, it generally gives a good comparison trend. In this case study, 

fuzzy fault tree analysis was not used to take care of the bias due to linguistics and thus 

this is the limitation in this case study. In the next case study, this limitation was taken 

care.  

 

Table7.9: Company X and Y remote and urban relative probability data for sub 

constructs 

 

Sub-

Construct 

Group # 

RSC sub constructs Remote Urban Remote Urban 

  Company X Company Y 

1 Conceptual orientation 0.721 0.813 0.585 0.755 

2 
Constructive sense 

making 

0.649 
0.683 

0.604 
0.628 

3 Learned resourcefulness 0.636 0.767 0.670 0.700 

4 Counterintuitive agility 0.482 0.621 0.600 0.590 

5 Practical habits 0.489 0.820 0.652 0.592 

6 
Behavioural 

preparedness 

0.614 
0.700 

0.610 
0.610 

7 Deep social capital 0.649 0.804 0.611 0.714 

8 Broad resource network 0.604 0.688 0.640 0.665 
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9 Psychological safety 0.621 0.663 0.595 0.625 

10 
Diffused power and 

accountability 

0.614 
0.742 

0.625 
0.745 

 

Table 7.9 shows that “Conceptual orientation” has highest failure probability for remote 

sites for company Y whereas “Counterintuitive agility” for urban sites “Conceptual 

orientation” refers to company’s sense of purpose, direction, values and vision which 

motivates employees and helps allocate resources where needed (Akgün and Keskin 

2014a). 

Table 7.9 also shows “Counterintuitive agility” in both urban and remote sites as the 

failure mode for company X. This is because it is having the least resilience level (RL) of 

all the sub constructs listed and so Company X needs to enhance this sub construct and 

its corresponding indicators to increase its total resilience levels. “Counterintuitive 

agility” refers to the ability to follow dramatically different action from what is the norm 

in the organization. An organization which adopt unexpected and timely responses to 

environmental changes impacting the organization (Akgün and Keskin 2014b).  

It is interesting to note that this study is about understanding the failure modes of safety 

culture or trying to quantify the reliability of safety culture in organizations even though 

there are no physical downtimes are in play. Table 7.10 shows the three constructs 

resilience levels (RL) compiled together using equation 7.2 and 7.3.  

 

Table 7.10: Company X and Y remote and urban relative probability data for 

constructs 

Construct 

Group # 

RSC constructs Remote Urban Remote Urban 

  Company X Company Y 

1 Psychological capability  0.685 0.748 0.595 0.692 

2 Behavioural capability  0.555 0.727 0.633 0.623 

3 Managerial capability  0.622 0.724 0.618 0.687 

 Total resilience probability (RL) 0.237 0.393 0.232 0.296 

 Comparison percentage increase  65.8  27.5 
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It shows “Behavioural capability” having higher probability of failure at remote sites 

for company X. As seen earlier in table 7.9, “Counterintuitive agility” is a sub construct 

of “Behavioural capability” thus the failure mode for remote sites.  Table 7.10 shows 

“Psychological capability” which has higher failure rate in remote sites as compared to 

“Behavioural capability” in urban sites in company Y. 

Figure 7.5 illustrates the whole methodology giving an example the calculations carried 

out for the remote site for company X  

 

 

Figure 7.5: Flowchart showing steps to calculate the relative probability for RSC 

 

Distribute survey to all the employees 

who can understand the questions 

well 

Normalize the mean of each indicator which acts 

as the probability of occurrence 

Define the weights of each node (indicator level) 

equally under each subconstruct e.g. for X10 it is 

0.5 and X12 it is 0.25 

Multiply the probability with individual weights and sum 

(OR gate) under individual subconstruct e.g. for B1 

(learned resourcefulness) it is 0.636 

To calculate B0, similar procedure is used as before where B1 is calculated by 

multiplying the node weight (0.25) with the 0.636 and then summation of B1, 

B2, B3, B4 since it follows OR gate, we get 0.555 

Similarly rest of the constructs can be calculated, in the 

end to get the RSC value since it is a AND gate, B0, P0 and 

M0 are multiplied to get 0.237 
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7.4.3 Discussions 

FTA detects weak points and unforeseen failure modes which is a strong feature of this 

methodology. This study thus finds resilience levels for remote sites less then urban sites. 

As seen in table 7.10, for company X, 65.8% resilience increase in urban sites as 

compared to remote sites. For company Y, 27.5% higher resilience levels in urban sites 

then remote sites.  

Company X “Behavioural capability” shows the highest failure probability in remote sites 

and for company Y it was “Psychological capability” in remote sites. Comparing both 

companies, it was found that company Y was less resilient then company X both in remote 

and urban sites. Failure path for company X was through “Counterintuitive agility” and 

for the company Y was through “Conceptual orientation” in remotes sites. If using this 

methodology, it is found that two indicators in two different sub construct category and 

two different construct category needs resource allocation, the rule followed is first satiate 

the psychological capability, then behavioural capability and then managerial capability. 

If it is just under one construct but two different sub constructs, then priority is given to 

the lowest sub construct.   

The reliability of this RSC system is the probability that this system operates for a certain 

period without failing. This reliability is the resilience level of the RSC system. It will be 

of interest to the researchers to find out how much machine down time is responsible for 

each of the sub constructs of the RSC system. It is seen that the resilience levels are not 

very high in the remote and urban sites and this study shows which indicators or sub 

constructs create a failure mode which is responsible for this downtime. Further research 

needs to quantify this downtime with respect to each of the sub constructs or failure 

modes. On positive note, it can also be concluded that even though the resilience levels 

were low in both remote and urban sites for both companies, the maximum RL was 0.393, 

there is lot of scope for improvement, and this can impact greatly on the performance of 

the companies. Good resilient safety culture can enhance the output of the company 

greatly and thus companies should focus on not just physical machine downtimes but also 

resilience levels in their safety cultures. 

 In conclusion, the fault tree methodology shows how RSC can be captured quantitatively 

through this model and how this model can give pointers where the resources need to be 

added for enhancing resilience in an organization. It also shows the failure path in weak 

links of the RSC model. The limitation however is the information collected and used in 
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the model is dependent on the amount of survey questions and number of surveyors. It 

should be noted that fault tree methodology itself can give weak linkages or paths which 

can lead to failure but this fault tree analysis can be better utilized by integrating the 

network theory to enhance the visualization to better understand the interactions which 

lead to failure. For complex interactions, network theory helps in visualization and also 

helps in understand the network using its own way of looking at structure. The next 

methodology which is understood is the development and measure of resilience index. 

The resilience index is developed since each organization can have multiple sites thus for 

comparing two sites in one organization or for comparing two organization’s resilience 

levels, a resilience index is valuable.  

7.5 Fuzzy synthetic evaluation approach to find resilience index 

In this section, resilience index (RI) or safety culture index (SCI) is developed using a 

fuzzy synthetic evaluation method for safety critical organizations which helps measure 

the status of resilient safety culture in those organizations. Fuzzy synthetic evaluation 

(FSE) methodology follows the fuzzy set theory. The index is useful to evaluate various 

project sites or organizations and compare successfully as it takes care of the fuzziness 

information available. It can also help in disseminating resources to the weak RI projects.  

7.5.1 Model Application 

Multiple organizations with sites located remotely and urban areas were surveyed. 

Appendix B shows the breakdown of indicators, constructs and sub constructs. Likert 

scale from 1-5 was used to rate these items, where 1 on the low side or lower expectancy 

and 5 on the higher side or higher expectancy.  

It is difficult to determine the exact probability of occurrence between events (Pan & Yun, 

1997). The fuzzy numbers are thus used to deal with imprecise and vague information 

such as extremely likely, likely, extremely unlikely etc. In our Likert scale, the survey 

gives five options starting from 1 which denotes very low expectancy (VLE), 2 denotes 

low expectancy (LE), 3 denotes medium expectancy (ME), 4 denote high expectancy 

(HE) and 5 denotes very high expectancy (VHE). These linguistic expressions describe 

the probability of the indicator’s occurrence. These linguistic values can be represented 

by various forms of fuzzy numbers.  
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7.5.2 Methodology 

The FSE model follows the following approach (Xu et al. 2010).  

Step 1: Establish a basic set of criteria 𝜋 = {𝑓1, 𝑓2, 𝑓3 … … . . 𝑓𝑛}; where n is number of 

criteria 

Step 2: Label the set of grade alternatives as 𝑔 = {𝑔1, 𝑔2, 𝑔3, … . 𝑔𝑛}. This is the scale 

measurement categories such as Likert scale of 1 means VLE (very low expectancy). 

Step 3: Set the weight for each factor component. The weight (W) is found or 

calculated from the survey using the equation : 𝑤𝑖 =  
𝑀𝑖

∑ 𝑀𝑖
5
𝑖=1

, 0 < 𝑤𝑖 < 1, ∑ 𝑤𝑖=1
𝑛
𝑖=1  

where 𝑤𝑖 is weight function of SCA or SCG and Mi is the mean score value of the 

SCA or SCG, the limit of M is 5 in this study which is the grade 

Step 4: Apply fuzzy evaluation matrix for each factor where the matrix is expressed 

as 𝑅𝑖 =  (𝑟𝑖𝑗)𝑚𝑥𝑛, where 𝑟𝑖𝑗 is the degree to which gj satisfies the criteria fj. 

Step 5. Reach a final FSE results by considering the weight vector and fuzzy 

evaluation matrix using equation: 𝐷 = 𝑤𝑖𝑜 𝑅𝑖 where 𝑤𝑖is the weight function for 

SCA for each SCG, o is fuzzy composite operation and 𝑅𝑖 is fuzzy matrix 

Step 6. The final FSE matrix is normalized and resilient safety culture index (SCI) for 

the particular factor is computed using the equation: 𝑆𝐶𝐼 = ∑ 𝐷 ∗ 𝑔5
𝑖=1  

7.5.3 Results 

Several preliminary tests were conducted (Osei-Kyei and Chan 2017) including 

reliability for internal consistency, correlation matrix, KMO, and Bartlett’s test of 

sphericity to check the appropriateness of the data used in this technique. First, 

reliability test is conducted using the Cronbach’s alpha model. Cronbach’s alpha 

developed by Lee Cronbach in 1951 to measure the reliability or internal consistency. 

The overall alpha value for the 42 items is 0.945, which is above the threshold of 0.70 

(Chan et al. 2010). This indicates high reliability among the survey responses (Chan 

et al. 2010). 

The correlation matrix measures the relationship among factors based on the partial 

correlation coefficients. Appendix C shows this matrix. The matrix calculated 

indicates a strong correlation because their correlation coefficients exceed 0.30 for 

more than one other variable (Li et al. 2005b; Norusis 2008). The KMO statistic and 
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Bartlett’s test of sphericity measure the sampling adequacy. KMO test measure how 

suited the data is for factor analysis. The test measures sampling adequacy for each 

variable and for complete model as well. The KMO statistic values vary between 0 

and 1, where a value of 0.50 is considered acceptable for a satisfactory factor analysis 

(Norusis 2008). A KMO value of 0.895 was recorded, which exceeds the threshold 

(Field 2036). A KMO value of less than 0.5 is not used, 0.5 to 0.6 is termed “poor”, 

0.6 to 0.7 is “mediocre”, 0.7 to 0.8 is “middling”, 0.8 to 0.9 is “good”, and 0.9 and 

above is “excellent” (Chan et al. 2010). This again signifies the appropriateness of the 

survey data for factor analysis (Chan et al. 2010).  

Further, Bartlett’s test of sphericity compares the correlation matrix (pearson 

correlations) to identity matrix. The value of Bartlett’s test is large with chi-square 

value of 3477.6 and its associated significance value is less than 0.05 which is 0.000, 

indicating that the population correlation matrix is not an identity matrix (Norusis 

2008). The principal factor extraction with eigenvalues greater than 1.0, explaining 

65.14% of the variance in responses as shown in Table 7.11.  Varimax rotation was 

used because it simplifies interpretation. Again, this reaffirms the appropriateness of 

the survey data (Ahadzie et al. 2008).  

 

Table 7.11: Principal factor extraction for the whole data 

 

Component Initial Eigenvalues 

Extraction 

Sums of 

Squared 

Loadings     

  Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 13.781 32.811 32.811 13.781 32.811 32.811 

2 4.698 11.185 43.996 4.698 11.185 43.996 

3 2.118 5.044 49.040 2.118 5.044 49.040 

4 1.871 4.455 53.495 1.871 4.455 53.495 

5 1.399 3.332 56.827 1.399 3.332 56.827 

6 1.261 3.002 59.830 1.261 3.002 59.830 

7 1.167 2.778 62.608 1.167 2.778 62.608 

8 1.067 2.541 65.148 1.067 2.541 65.148 
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9 0.981 2.335 67.483       

10 0.893 2.127 69.610       

11 0.877 2.089 71.699       

12 0.817 1.945 73.644       

13 0.782 1.863 75.507       

14 0.701 1.669 77.175       

15 0.667 1.587 78.762       

16 0.601 1.430 80.192       

17 0.595 1.416 81.608       

18 0.566 1.349 82.957       

19 0.550 1.310 84.267       

20 0.530 1.262 85.530       

21 0.491 1.170 86.700       

22 0.474 1.128 87.827       

23 0.442 1.051 88.879       

24 0.417 0.993 89.871       

25 0.387 0.922 90.794       

26 0.359 0.854 91.648       

27 0.352 0.838 92.486       

28 0.310 0.739 93.225       

29 0.290 0.691 93.916       

30 0.286 0.682 94.598       

31 0.267 0.636 95.235       

32 0.266 0.633 95.867       

33 0.241 0.575 96.442       

34 0.213 0.507 96.949       

35 0.200 0.477 97.426       

36 0.189 0.451 97.877       

37 0.179 0.426 98.303       

38 0.174 0.415 98.718       

39 0.158 0.377 99.095       

40 0.155 0.368 99.463       

41 0.127 0.302 99.765       

42 0.099 0.235 100.000       
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Mean score analysis was used to rank the safety culture attributes in Table 7.12. 

Further, to determine the critical attributes of resilient safety culture among the 

list, normalization was used. Normalized attributes greater than or equal to 0.50 

are retained. This selection mechanism has been used by many previous studies 

to establish the most significant factors (Osei-Kyei and Chan, 2017). With this 

criterion, out of total 42 indicators or attributes, 15 attributes were deemed critical 

as presented in Table 7.13. In this tabulation, we don’t use resilience enhancement 

or weights based on constructs, some studies have used the probability of 

occurrence with severity to get the significant values of mean and then ranked 

them. Indexing gives a unbiased outlook of the indicators, later the resources can 

be allocated based on the psychological, behavioral and managerial approach as 

found in the earlier studies (Garg and Mohamed 2018).  

 

Table 7.12: Ranking of safety culture attributes-SCA (level 1) 

 

Safety 

culture 

attributes 

Mean Rank Standard 

deviation 

Normalization 

P1 3.35 1 0.83 1.00 

P2 3.06 11 0.90 0.57 

P3 3.01 15 0.86 0.48 

P4 3.01 14 0.90 0.50 

P5 3.07 9 0.71 0.58 

P6 2.87 27 0.85 0.28 

P7 2.99 17 0.93 0.46 

P8 2.76 38 1.08 0.11 

P9 2.78 36 0.91 0.13 

B1 3.07 9 0.78 0.58 

B2 2.96 20 0.88 0.41 

B3 3.06 12 0.69 0.56 

B4 2.75 39 0.89 0.09 

B5 2.77 37 0.92 0.12 
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B6 2.72 41 0.93 0.04 

B7 3.32 2 0.81 0.96 

B8 3.24 4 0.88 0.85 

B9 3.24 4 1.03 0.85 

B10 3.23 6 0.97 0.82 

B11 3.20 7 0.85 0.78 

B12 2.98 18 0.78 0.44 

B13 2.81 33 0.88 0.19 

B14 2.69 42 0.92 0.00 

B15 2.88 26 0.92 0.30 

M1 3.32 2 0.74 0.96 

M2 3.09 8 0.93 0.60 

M3 2.86 28 0.85 0.26 

M4 3.01 15 0.90 0.48 

M5 2.89 25 0.91 0.31 

M6 2.73 40 1.12 0.07 

M7 2.97 19 0.89 0.43 

M8 2.86 31 0.90 0.25 

M9 2.86 28 0.85 0.26 

M10 2.81 34 0.86 0.18 

M11 2.94 23 0.88 0.37 

M12 2.86 28 0.96 0.26 

M13 2.96 20 0.97 0.41 

M14 2.80 35 0.96 0.17 

M15 2.94 22 0.78 0.39 

M16 3.06 12 0.84 0.56 

M17 2.90 24 1.02 0.32 

M18 2.85 32 0.90 0.24 

 

Normalized value= (Actual value- minimum value)/ (Maximum value-minimum 

value) 
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Table 7.13 shows the selected indicators which has normalized score of 0.5 and above.  

There are four indicators from the psychological capability, five from behavioral and 

four from managerial constructs. This shows the resilience information selection 

using these critical 15 indicators.  

 

Table 7.13: Attributes mean higher than 0.5 (level 2) 

Indicator Naming (SCA) safety culture attribute Constructs  

Sense of purpose P1 

Strong core value P2 

Highly visible moral purpose  P4 

Having Attitude P5 

Disciplined creativity B1 

Ability to follow different course of action B3 

Development of useful practical habits B7 

Develop habits of investigation B8 

Develop habits of collaboration B9 

Develop habit of flexibility B10 

Creating robust responses B11 

Respectful interactions within organization M1 

Face to face honest interaction M2 

Exchanging resources M4 

Creating organization structure M16 

 

7.5.3.1 Formulating FSE tool for evaluating resilient safety culture  

The multi-level FSE is used to analyze this multilevel decision problem (Ameyaw 

and Chan 2015). The first level is the safety culture groupings (SCA) and the second 

level is the SCG looking at the lower to higher levels. The proposed fuzzy model 

consists of two levels of membership functions (MFs). Thus, membership grades level 

to level from the lowest indicators and then determines the project resilience index 

(SCI).  The FSE tool is used to determine the objective weightings of each SCG 

considering the 15 attributes as input variables in the evaluation expression. 

Subsequent sections illustrate the application of the FSE in developing the SCI. 
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7.5.3.2 Calculating the weights for each SCA and SCG (multi-level) 

The weightings for each SCA and SCG are calculated using Eq. (7.5) based on the 

mean scores from the survey: 

                                                     𝑤𝑖 =  
𝑀𝑖

∑ 𝑀𝑖
5
𝑖=1

, 0 < 𝑤𝑖 < 1, ∑ 𝑤𝑖=1
𝑛
𝑖=1                               (7.5) 

where 𝑤𝑖 is weight function of SCA or SCG and Mi is the mean score value of the 

SCA or SCG. For example, if weight of P1 has to be calculated, equation 7.5 is used. 

W1 = 
3.35

3.35+3.06+3.01+3.07
 =0.38 

Similarly, the same procedure is adopted to compute the weights for SCA and SCG. 

Same approach is used to calculate the weightings for the remaining SCAs and SCGs 

as shown in table 7.14. 

 

Table 7.14: Weights of SCA and SCG for 15 indicators selected 

SCA  

Mean of 

SCA Weight SCA Total mean of SCG Weight of SCG 

P1 3.35 0.38 
  

P2 3.06 0.22 
  

P4 3.01 0.19 
  

P5 3.07 0.22 
  

Psychological capability (P) 12.50 0.26 

B1 3.07 0.11 
  

B3 3.06 0.10 
  

B7 3.32 0.18 
  

B8 3.24 0.16 
  

B9 3.24 0.16 
  

B10 3.23 0.15 
  

B11 3.20 0.14 
  

Behavioural capability (B) 22.37 0.47 

M1 3.32 0.37 
  

M2 3.09 0.23 
  

M4 3.01 0.19 
  

M16 3.06 0.22 
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Managerial capability (M) 12.47 0.26 

 

7.5.3.3 Define the membership function (MF) for each level  

The MF are calculated to determine the resilient safety culture index. The MF of the 

SCA are calculated to get the second level MF of the SCG.  The 5-point Likert scale 

rating system is used where 1 is low expectancy and 5 is highest. Using equation 7.6, 

the MF for each SCA is calculated.  Taking example of P1 where 1% VLE, 5% LE, 

58% ME, 26% HE and 9% VHE.  

 

MFP1 = (0.01/VLE) + (0.05/LE) + (0.58/ME) + (0.26/ HE) + (0.09/VHE)           (7.6) 

 

The MF can be defined as (0.01, 0.05, 0.58, 0.26, 0.09). The MF for the remaining 

SCA are calculated using the same approach. Table 7.15 shows the MF for level 1. 

To calculate the level 2 MF, equation 7.7 is used.  

                                                                 𝐷 = 𝑤𝑖𝑜 𝑅𝑖                                                          (7.7) 

where 𝑤𝑖is the weight function for SCA for each SCG, o is fuzzy composite operation 

and 𝑅𝑖  is fuzzy matrix. Using the example of Psychological capability SCG, following 

MF for the SCG is calculated.  

DP = wp o Rp = (wp1, wp2, wp4, wp5) x |
|

𝑀𝐹𝑝1
𝑀𝐹𝑝2
𝑀𝐹𝑝4
𝑀𝐹𝑝5

 

|
|= (0.38, 0.22, 0.19,0.22) x 

|(0.01, 0.05,0.58,0.26,0.09)|
|(0.01,0.29,0.38,0.26,0.06)|
|(0.01,0.29,0.43,0.20,0.06)|
|(0.00,0.17,0.63,0.16,0.04)|

 

= (0.01,0.17,0.52,0.23,0.07) 

The remaining SCG are calculated in the same way.   

 

Table 7.15: Membership functions (MF) for selective SCA and SCG 

 



145 

 

SCA  

Weight 

SCA 

MF for selective SCA from lowest 

to highest (1 to 5) 

MF for SCG from lowest to highest 

(1 to 5) 

P1 0.38 0.01 0.05 0.58 0.26 0.09 
     

P2 0.22 0.01 0.29 0.38 0.26 0.06 
     

P4 0.19 0.01 0.29 0.43 0.20 0.06 
     

P5 0.22 0.00 0.17 0.63 0.16 0.04 
     

Psychological capability (P) 0.01 0.17 0.52 0.23 0.07 

B1 0.11 0.01 0.19 0.57 0.18 0.05 
     

B3 0.10 0.01 0.15 0.61 0.21 0.01 
     

B7 0.18 0.01 0.08 0.48 0.40 0.03 
     

B8 0.16 0.00 0.13 0.46 0.38 0.04 
     

B9 0.16 0.01 0.15 0.37 0.43 0.05 
     

B10 0.15 0.01 0.18 0.33 0.45 0.03 
     

B11 0.14 0.01 0.13 0.46 0.40 0.01 
     

Behavioural capability (B) 0.01 0.14 0.46 0.36 0.03 

M1 0.37 0.01 0.09 0.55 0.30 0.06 
     

M2 0.23 0.01 0.28 0.42 0.21 0.09 
     

M4 0.19 0.00 0.28 0.43 0.26 0.04 
     

M16 0.22 0.03 0.15 0.57 0.20 0.04 
     

Managerial capability (M) 0.01 0.18 0.50 0.25 0.06 

 

Afterwards the MF of level 2 are substituted in equation 4 to calculate the SCI for 

each category. Where g is the grades from the Likert scale from 1 to 5.   

SCI= ∑ 𝐷 𝑥 𝑔5
𝑖                                                                     (7.8) 

 

Using Psychological capability as example, the SCI is calculated as follows. 

 

SCI P = (1*0.01) + (2*0.17) + (3*0.52) + (4*0.23) + (5*0.07) =0.33 

 

Table 7.16 shows the SCI for each construct along with the ranking and coefficients. 

Behavioral capability is ranked first, then psychological then managerial. Coefficient 

is calculated as follows (equation 7.9). 
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Coefficient = (SCI for SCG/ ∑ 𝑆𝐶𝐼 𝑓𝑜𝑟 𝑆𝐶𝐺)                          (7.9) 

 

Table 7.16: Resilience index for each safety culture group (constructs) 

 

Safety culture group 

(SCG) or construct 

Safety culture 

index or 

Resilience index 

Ranking Coefficients 

Psychological 

capability (P) 

3.17 2 0.330 

Behavioral capability 

(B) 

3.27 1 0.340 

Managerial capability 

(M) 

3.16 3 0.329 

Total 9.61  1 

 

From this study, the SCI for evaluating the resilience index (RI) levels can be 

expressed as follows as shown in equation 7.10: 

 

                     SCI= (0.33 x P) + (0.34 x B) + (0.329 x M)                                                 (7.10) 

 

This finding shows that most important aspect of resilience in behavioral, then 

psychological and then managerial.  

7.5.4 Discussion 

The FSE approach has the ability to do initial filtering to establish critical indicators that 

requires further analysis (Ameyaw and Chan 2015). The main goal of this study is 

comparison and ranking the constructs based on the fuzziness information available and 

for project comparisons. It takes care of the fuzziness better than any probabilistic 

techniques (Lo 1999). Behavioural capability has the highest ranking followed by 
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psychological and managerial. This shows that the resilience information is recorded most 

for behavioural capability. If the fault tree methodology is used as done in earlier studies 

for all the data of remote and urban sites together, the following order emerges (Garg, 

Tonmoy, and Mohamed 2019). First resilience ranking in psychological then behavioural 

and then managerial as shown in Appendix D. This shows that indexing is better approach 

since the fuzziness is cleared between the data available and thus the ranking between the 

construct changes. 

Following figure 7.6 shows the activities of human resource function in a large 

organization. The role of human resource is very important in building a great 

organization. As previously discussed, there are various types of organizational culture 

and they change over time as the company changes itself.  

 

Figure 7.6: Competing values of human resource management (HRM) adapted 

from (Cameron and Quinn 2006)  

 

It should be noted while the behavioural capability has high resilience index then 

psychological capability. Both these constructs are influenced by the human resource 

management which comes back to human resource function and what type of culture is 

built by the human resource department. The figure 7.6 shows the various cultures which 
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are build. The higher resilience index is built by hiring  right set of people and the 

leadership direction is important which enhances the resilience in management capability 

construct. In chapter 9, further  discussions will be on about the influence and capabilities 

of resilience index and how it can help organizations better. 

Chapter Summary 

In this case study, the Kuwait companies were surveyed with remote and urban sites. 

Relative importance index was used to rank the various indicators. Thus, fault tree 

analysis is used to find the resilience levels and is used to calculate the interactions and 

weak areas and paths. In the end, resilience index is calculated to compare companies. 

This case study gives incite about the constructs and how it can be used to study the 

organizations and enhance resilience in them to reduce accidents and get better 

performance.  
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Chapter 8: Case study 2-Interpreting model using 

enhanced approach 

 

This study is done after the pilot study in Kuwait since the lessons learnt in case study 1 

can be used on this case study. This case study was done using multiple construction 

organizations in Australia. This helps in showing that this study is generic in nature and 

can be done in any environment irrespective of the geographical location. It also uses 

fuzzy theory for fault tree analysis. Section 8.1 talks about the various companies 

involved in data collection. Section 8.2 calculates the relative importance index. Section 

8.3 uses fuzzy FTA to calculate the failure modes. Section 8.4 shows the FTA 

calculations. Section 8.5 calculates the resilience index and Section 8.6 discusses the 

results and conclusions.   

8.1 Participating company’s introduction 

There are four companies which participated in the Australian data collection and survey. 

The first company D description is as follows: It is privately owned design and 

construction company established about 20 years ago. It is doing residential and non-

residential construction such as industrial, food and processing, education, health, aged 

care and retirement, retail, offices, hotel and student accommodation along with energy 

in eastern Australia.  

The second company E description is as follows: Company E is a home building company 

in Australia. This company was established around 40 years ago to build homes, develop 

land, sell houses and land packages and construct commercial buildings.  

The third company F description is as follows: This company F expertise spans most 

world commodities including metallurgical and thermal coal, iron ore, copper, nickel, 

gold, diamonds and oil sands. From end-to-end solutions to targeted services, to 

supporting clients’ inhouse teams, the capability of this company is vast. This company 

was established around 100 years ago. It is the world largest contract miner.  

The fourth company G description is as follows: This company G has been building 

structures for living, working, study, shopping and relaxation and entertainment 

established 110 years ago in Australia. It is Australia’s largest privately-owned 
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construction company. This company has national presence stretching from Darwin to 

Hobart, Cairns to Pilbara. The buildings build for the clients range from urban to remote 

areas in Australia. 

8.1.1 Steps to modelling the problem 

1) Choose multiple companies 

2) Choose employees of various backgrounds who can understand the questions well 

to give ratings on importance of indicators  

3) Use the original survey by using Likert scale to rank for importance from 1-5 

(reference: Shoar et al. 2019), the ranking is between groups of psychological, 

behavioural and managerial 

4) Calculate relative importance index (reference: Shoar et al. 2019) 

5) Choose the experts which can be as low as 4 (reference: Shoar et al. 2019) for 

giving likelihood of occurrence 

6) Use the original survey to find the likelihood of occurrence using zones from 

“very low (VL)”, “Low (L)”, “medium (M)”, “high (H)”, “very high (VH)”. This 

is the linguistic expression to fuzzy number step. This study uses the trapezoidal 

fuzzy number as represented by four values (a, b, c,d) for the five membership 

functions (VH,H,M,L,VL). (reference: Cheliyan et al. 2017) 

7) Do the aggregation for driving the estimates of the basic events (reference: 

Cheliyan et al. 2017) 

8) Defuzzification process (reference: Cheliyan et al. 2017) 

9) Converting fuzzy possibility score to fuzzy failure probability (get the selected 

basic event probability) (reference: Cheliyan et al. 2017) 

10) The weight distribution for the indicators is according to as earlier done 

(reference: Ebrahemzadih ,2016), the weights are equally distributed under each 

sub construct or construct 

11) The weights which are equally distributed and the probability scores for selected 

basic events, now in this step, relative probabilities are calculated for the whole 

network and construct an FTA model 

12)  Find the resilience index 

8.1.2 T tests 

Table 8.1 shows unpaired t-test results for company D, E, F, G  
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One sample t-test was performed for companies D, E, F and G for likelihood of 

occurrence data which provided comparable sample size data for the companies. For t-

test for all companies, the two tailed P value is less than 0.0001. By conventional criteria, 

this difference is extremely statistically significant. Table 8.1 shows t-test results for 

companies D, E, F and G. 

Table 8.1: One sample T-test of Companies D, E, F, G 

 

Group Company D Company E Company F Company G 

Mean 4.007 2.803 3.273 3.761 

Std Dev. 0.474 0.473 0.514 0.340 

Sig. (2-tailed) 0.0001 0.0001 0.0001 0.0001 

 

8.2 Relative importance index  

8.2.1 Survey 

In this study, the organizations D, E, F and G were surveyed. All are working in the 

construction industry in Australia with sites in urban and remote areas for all the 

companies. The surveys were completed by employees (i.e. engineers, supervisors, 

managers) who were English language conversant. That means they could understand the 

questions well. The survey was distributed in hard copies and the author explained all the 

questions to the employees so there were no questions in their minds. There were 42 items 

in the survey. The survey is shown in the appendix E. Nine items were for “psychological 

capability”, 15 items were for “behavioural capability” and 18 items were for “managerial 

capability”. Appendix B shows the breakdown. The items were inferred using the various 

indicators of RSC model shown in chapter 4. Likert scale from 1-5 was used, where 1 on 

the low side or lower expectancy and 5 on the higher side or higher expectancy. For 

comparison between companies, data was first analysed using t-tests since the sample 

size was small.   
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8.2.2 Relative importance index ranking 

Relative importance index method (RII) is used to quantify the relative importance of all 

the 42 indicators of RSC for multiple organizations. The relative importance index 

method is applied to determine the relative importance of the various factors. Equation 

8.1 shows the RII, and how it is calculated. 

𝑅𝐼𝐼 =  ∑ 𝑊

(𝐴∗𝑁)
                 (8.1) 

Where RII= relative importance index, W= weighting given to each factor by 

respondents (Likert scale range from 1 to 5), A= highest weight (in this case it is 5) and 

N=total number of respondents. The RII value has a range of 0 to 1 where 0 is not 

inclusive, the higher the RII, the more important is the factor or indicator. Tables 8.2, 8.3, 

8.4 and 8.5 shows the RII calculated and then ranked. 

 

Table 8.2: RII and Ranking of Resilient Safety Culture Indicators for company D 

Indicator # 
Indicator Description RII Rank 

1 Sense of purpose 0.7 1 

2 Strong core value 0.7 1 

3 Prevailing vocabulary 0.7 1 

4 Highly visible moral purpose 0.7 1 

5 Having Attitude 0.6 20 

6 Mindset 0.6 20 

7 Ingenuity to develop new skills 0.65 9 

8 Common language 0.65 9 

9 Situation specific interpretations 0.6 20 

10 Disciplined creativity 0.55 35 

11 Combine originality and initiative 0.6 20 

12 Ability to follow different course of action 0.55 35 

13 Engaging in non-conforming repertoires 0.6 20 

14 Have varied and complex action inventory 0.55 35 

15 Have diverse competitive actions 0.6 20 

16 Development of useful practical habits 0.6 20 

17 Develop habits of investigation 0.65 9 

18 Develop habits of collaboration 0.65 9 

19 Develop habit of flexibility 0.65 9 

20 Creating robust responses 0.6 20 
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21 Ability to spot an opportunity 0.6 20 

22 Developing new competencies 0.6 20 

23 Unlearning obsolete information 0.5 41 

24 Benefit from situations that emerge 0.65 9 

25 Respectful interactions within organization 0.65 9 

26 Face to face honest interaction 0.7 1 

27 Disclosure oriented intimacy 0.6 20 

28 Exchanging resources 0.6 20 

29 Sharing tacit information 0.6 20 

30 Cross-functional collaboration 0.5 41 

31 Forging relationships 0.7 1 

32 Relationships with strategic alliances 0.7 1 

33 Bond with various environmental agents 0.6 20 

34 Promote organizational slack 0.55 35 

35 Communicating without getting ignorant label 0.6 20 

36 Communicating without getting incompetent label 0.65 9 

37 Communicating without getting negative label 0.55 35 

38 Communicating without getting time waster label 0.55 35 

39 Sharing decision making 0.65 9 

40 Creating organization structure 0.65 9 

41 Members have discretion and responsibility 0.7 1 

42 Replying on self-organization 0.65 9 

 

 

Table 8.3: RII and Ranking of Resilient Safety Culture Indicators for company E 

Indicator # 
Indicator Description RII Rank 

1 Sense of purpose 0.85 1 

2 Strong core value 0.85 1 

3 Prevailing vocabulary 0.8 5 

4 Highly visible moral purpose 0.85 1 

5 Having Attitude 0.85 1 

6 Mindset 0.55 32 

7 Ingenuity to develop new skills 0.7 10 

8 Common language 0.55 32 

9 Situation specific interpretations 0.6 20 

10 Disciplined creativity 0.8 5 

11 Combine originality and initiative 0.7 10 

12 Ability to follow different course of action 0.65 12 
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13 Engaging in non-conforming repertoires 0.6 20 

14 Have varied and complex action inventory 0.6 20 

15 Have diverse competitive actions 0.5 38 

16 Development of useful practical habits 0.6 20 

17 Develop habits of investigation 0.45 42 

18 Develop habits of collaboration 0.55 32 

19 Develop habit of flexibility 0.65 12 

20 Creating robust responses 0.6 20 

21 Ability to spot an opportunity 0.6 20 

22 Developing new competencies 0.75 7 

23 Unlearning obsolete information 0.65 12 

24 Benefit from situations that emerge 0.6 20 

25 Respectful interactions within organization 0.75 7 

26 Face to face honest interaction 0.75 7 

27 Disclosure oriented intimacy 0.65 12 

28 Exchanging resources 0.65 12 

29 Sharing tacit information 0.65 12 

30 Cross-functional collaboration 0.6 20 

31 Forging relationships 0.6 20 

32 Relationships with strategic alliances 0.6 20 

33 Bond with various environmental agents 0.55 32 

34 Promote organizational slack 0.6 20 

35 Communicating without getting ignorant label 0.65 12 

36 Communicating without getting incompetent label 0.65 12 

37 Communicating without getting negative label 0.6 20 

38 Communicating without getting time waster label 0.55 32 

39 Sharing decision making 0.5 38 

40 Creating organization structure 0.5 38 

41 Members have discretion and responsibility 0.55 32 

42 Replying on self-organization 0.5 38 

 

 

Table 8.4: RII and Ranking of Resilient Safety Culture Indicators for company F 

Indicator # 
Indicator Description RII Rank 

1 Sense of purpose 0.95 1 

2 Strong core value 0.9 2 

3 Prevailing vocabulary 0.85 3 

4 Highly visible moral purpose 0.7 14 
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5 Having Attitude 0.75 8 

6 Mindset 0.65 19 

7 Ingenuity to develop new skills 0.65 19 

8 Common language 0.65 19 

9 Situation specific interpretations 0.65 19 

10 Disciplined creativity 0.8 4 

11 Combine originality and initiative 0.65 19 

12 Ability to follow different course of action 0.7 14 

13 Engaging in non-conforming repertoires 0.65 19 

14 Have varied and complex action inventory 0.65 19 

15 Have diverse competitive actions 0.5 37 

16 Development of useful practical habits 0.5 37 

17 Develop habits of investigation 0.5 37 

18 Develop habits of collaboration 0.5 37 

19 Develop habit of flexibility 0.5 37 

20 Creating robust responses 0.75 8 

21 Ability to spot an opportunity 0.65 19 

22 Developing new competencies 0.75 8 

23 Unlearning obsolete information 0.55 36 

24 Benefit from situations that emerge 0.7 14 

25 Respectful interactions within organization 0.75 8 

26 Face to face honest interaction 0.8 4 

27 Disclosure oriented intimacy 0.8 4 

28 Exchanging resources 0.8 4 

29 Sharing tacit information 0.7 14 

30 Cross-functional collaboration 0.75 8 

31 Forging relationships 0.65 19 

32 Relationships with strategic alliances 0.65 19 

33 Bond with various environmental agents 0.5 37 

34 Promote organizational slack 0.6 33 

35 Communicating without getting ignorant label 0.65 19 

36 Communicating without getting incompetent label 0.6 33 

37 Communicating without getting negative label 0.75 8 

38 Communicating without getting time waster label 0.6 33 

39 Sharing decision making 0.65 19 

40 Creating organization structure 0.65 19 

41 Members have discretion and responsibility 0.65 19 

42 Replying on self-organization 0.7 14 
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Table 8.5: RII and Ranking of Resilient Safety Culture Indicators for company G 

 

Indicator # Indicator Description RII Rank 

1 Sense of purpose 0.8 2 

2 Strong core value 0.5 39 

3 Prevailing vocabulary 0.75 9 

4 Highly visible moral purpose 0.5 39 

5 Having Attitude 0.65 24 

6 Mindset 0.7 17 

7 

Ingenuity to develop new 

skills 

0.8 2 

8 Common language 0.75 9 

9 

Situation specific 

interpretations 

0.7 17 

10 Disciplined creativity 0.65 24 

11 

Combine originality and 

initiative 

0.75 9 

12 

Ability to follow different 

course of action 

0.6 32 

13 

Engaging in non-conforming 

repertoires 

0.55 36 

14 

Have varied and complex 

action inventory 

0.55 36 

15 

Have diverse competitive 

actions 

0.75 9 

16 

Development of useful 

practical habits 

0.8 2 

17 

Develop habits of 

investigation 

0.7 17 

18 

Develop habits of 

collaboration 

0.75 9 

19 Develop habit of flexibility 0.65 24 

20 Creating robust responses 0.6 32 

21 Ability to spot an opportunity 0.75 9 

22 

Developing new 

competencies 

0.6 32 

23 

Unlearning obsolete 

information 

0.5 39 

24 

Benefit from situations that 

emerge 

0.8 2 

25 

Respectful interactions 

within organization 

0.65 24 

26 

Face to face honest 

interaction 

0.65 24 

27 Disclosure oriented intimacy 0.7 17 

28 Exchanging resources 0.55 36 

29 Sharing tacit information 0.7 17 

30 

Cross-functional 

collaboration 

0.7 17 

31 Forging relationships 0.7 17 

32 

Relationships with strategic 

alliances 

0.8 2 

33 

Bond with various 

environmental agents 

0.65 24 
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34 Promote organizational slack 0.45 42 

35 

Communicating without 

getting ignorant label 

0.85 1 

36 

Communicating without 

getting incompetent label 

0.65 24 

37 

Communicating without 

getting negative label 

0.6 32 

38 

Communicating without 

getting time waster label 

0.65 24 

39 Sharing decision making 0.75 9 

40 

Creating organization 

structure 

0.8 2 

41 

Members have discretion and 

responsibility 

0.8 2 

42 

Replying on self-

organization 

0.75 9 

 

It should be noted that the relative importance ranks, and the likelihood of occurrence is 

different for all the companies. This shows that the importance given to indicators does 

not indicate that those indicators have high likelihood of occurrence as well.  Most 

importance was given to psychological capability indicators by all the four companies, 

company G also gave importance to managerial capability indicators. 

8.2.3 Cronbach’s Alpha 

Cronbach’s alpha is a measure of internal consistency that is how closely related a set of 

items are as a group. It is measure of scale reliability.  It is thus a function of the number 

of items in a test, the average covariance between pairs of items and the variance of the 

total score.  A high value of alpha does not imply that the measure is unidimensional. 

Table 8.6 shows Cronbach’s Alpha for importance data for companies D, E, F, and G.  

 

Table 8.6: Reliability statistics for various companies D, E, F and G 

 

Company Cronbach’s 

Alpha 

Cronbach’s Alpha based on 

standardized items 

D 0.040 0.045 

E 0.639 0.656 

F 0.569 0.595 

G 0.183 0.169 

 



158 

 

 8.3 Fuzzy fault tree analysis  

Fuzzy set theory was first introduced in 1965 by Zadeh in order to deal with uncertainty 

due to fuzziness and vagueness. A fuzzy FTA (FFTA) approach is applied when sufficient 

and reliable database is not available. In this approach, subjective expert opinions can be 

employed to deal with lack of data in basic events. Fuzzy approach helps in determine the 

basic events (BE) probability values when less quantitative information is available, 

where the BE probabilities are treated as fuzzy numbers. It uses triangular, trapezoidal 

and gaussian fuzzy numbers. In this research, the trapezoidal fuzzy numbers are used to 

provide more precise descriptions and to obtain more accurate results.  

8.3.1 Linguistic expressions to fuzzy numbers 

Expert opinion is used to compute the failure probability of the basic events (BE) those 

are indicators in this case used for a structured questionnaire survey. This survey is same 

given in earlier case study and given to experts. Experts apply natural linguistic 

expressions such as “very low or VL”, “low or L”, “medium or M”, “high or H” and “very 

high or VH” to describe the probability of the BE. These are related to the membership 

function as shown in figure 8.1 which consists of both triangular and trapezoidal fuzzy 

numbers. The triangular fuzzy numbers are converted to trapezoidal fuzzy numbers for 

ease of computation. Each trapezoidal fuzzy number is represented by four values (a, b, 

c, d) for the five membership functions (VH, H, M, L, VL). 

 

 

Figure 8.1 : Fuzzy membership function for fuzzy numbers ( Adapted from 

Cheliyan and Bhattacharyya 2018) 
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The opinion of experts for all BE are summarised in table 8.7, 8.8, 8.9 and 8.10  

Table 8.7: Expert opinions on resilience of the basic events for company D 

 

 Expert # 

BE 1 2 3 

1 VH VH VH 

2 VH VH VH 

3 H H VH 

4 H H VH 

5 H H VH 

6 H H VH 

7 H H VH 

8 H H VH 

9 H H VH 

10 VH M VH 

11 H M VH 

12 H M H 

13 VH M VH 

14 H M H 

15 H H VH 

16 M H VH 

17 H H H 

18 H M VH 

19 H M VH 

20 H M H 

21 H M VH 

22 M M VH 

23 M M H 

24 H M VH 

25 H H VH 

26 VH H VH 

27 H H VH 

28 M H H 

29 M H H 

30 M H H 

31 H H VH 

32 H H VH 

33 H H H 

34 M H L 

35 H H L 

36 H H L 

37 M H L 

38 M H L 

39 H H H 

40 H H H 

41 H H H 

42 H H VH 
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Table 8.8: Expert opinions on resilience of the basic events for company E 

 Expert # 

BE 1 2 3 4 

1 M M H M 

2 M M H M 

3 M M M M 

4 M M M M 

5 H M M M 

6 H M H H 

7 M M M L 

8 M M L H 

9 M M M L 

10 M M M M 

11 L M M L 

12 M M L L 

13 M M L L 

14 M M M M 

15 H M M H 

16 M M L H 

17 M L L M 

18 M L M M 

19 M L L L 

20 M L M L 

21 M M M M 

22 M M M M 

23 L L M M 

24 M L M L 

25 H H H VH 

26 H M H VH 

27 H L L M 

28 M L M M 

29 M L L L 

30 M M L M 

31 M M M M 

32 M L M L 

33 M L L M 

34 L M M L 

35 M L M L 

36 L L L L 

37 M L L M 

38 M L L M 

39 M M L M 

40 L L L M 

41 L L L M 

42 L L M L 

 

 

Table 8.9: Expert opinions on resilience of the basic events for company F 

 Expert # 
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BE 1 2 3 4 

1 H VH H H 

2 M H H H 

3 M H H H 

4 M H H M 

5 M H H H 

6 H H H VH 

7 M H H M 

8 M M M H 

9 H M M H 

10 M M H M 

11 L M H M 

12 L M M M 

13 M H M M 

14 L L M M 

15 M M H H 

16 L M H H 

17 M M H H 

18 M M M M 

19 M M M M 

20 L L M M 

21 H H H H 

22 L M H H 

23 L M H M 

24 M M H M 

25 VH VH H VH 

26 VH VH H H 

27 M M H M 

28 L M H M 

29 M M H M 

30 L M M M 

31 M H L M 

32 M M L M 

33 L M M M 

34 L H M M 

35 M H M M 

36 L H M L 

37 L H M L 

38 M H M M 

39 L H M M 

40 M H M M 

41 M M M M 

42 L M M M 

 

 

Table 8.10: Expert opinions on resilience of the basic events for company G 

 Expert # 

BE 1 2 3 4 

1 H H VH M 

2 VH L VH H 

3 H H H M 
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4 M L H M 

5 H M H H 

6 VH M M H 

7 VH M M H 

8 VH M H H 

9 H M M H 

10 H H M M 

11 VH H M H 

12 VH M M H 

13 VH M H H 

14 H L M H 

15 H H H VH 

16 M H H VH 

17 L H M H 

18 M H M H 

19 M M M H 

20 H M M H 

21 VH VH H H 

22 M H H H 

23 M M M VH 

24 H H H H 

25 H M H VH 

26 M M H VH 

27 H L M VH 

28 H M M H 

29 M M H VH 

30 VH M H H 

31 VH H M VH 

32 VH VH M H 

33 H M M VH 

34 H M M H 

35 L H H H 

36 M H H H 

37 L H M H 

38 L H H H 

39 VH VH H H 

40 H H H H 

41 VH H H M 

42 H M H H 

 

8.3.2 Aggregation for deriving the estimates of the basic events 

Every BE is given a rating by experts as shown in table 8.7 to 8.10. All the ratings for the 

single BE must be aggregated to obtain a single opinion. This is done by linear opinion 

pool method given as follows. 

           𝑀𝑖 =  ∏ 𝐴𝑖𝑗𝑊𝑗
𝑁𝑒
𝑗=1  (𝑖 = 1,2, … 𝑁)                                                                 (8.2) 
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Where N is the number of BE, Ne is the number of experts, Wj is the weighting factor of 

the expert j (in this case study, the weighing factor is kept same for all the experts which 

is the total factor sum to 1). Aij is the linguistic expression (either a, b, c or d) of the ith 

BE given by the expert j as seen in the tables 8.11 to 8.14. Mi is the aggregate resultant 

of the trapezoidal fuzzy number of the BE Xi. The values of the Mi are shown in the 

following tables.  

 

Table 8.11: Data of the basic events (BE) for company D 

Indicator 

(BE) a b c d P(Xi) 

      

1 0.7992 0.8991 0.999 0.999 0.084766 

2 0.7992 0.8991 0.999 0.999 0.084766 

3 0.666 0.7992 0.8325 0.9324 0.030249 

4 0.666 0.7992 0.8325 0.9324 0.030249 

5 0.666 0.7992 0.8325 0.9324 0.030249 

6 0.666 0.7992 0.8325 0.9324 0.030249 

7 0.666 0.7992 0.8325 0.9324 0.030249 

8 0.666 0.7992 0.8325 0.9324 0.030249 

9 0.666 0.7992 0.8325 0.9324 0.030249 

10 0.6327 0.7659 0.8325 0.8991 0.027002 

11 0.5661 0.71595 0.74925 0.8658 0.018303 

12 0.4995 0.666 0.666 0.8325 0.012791 

13 0.6327 0.7659 0.8325 0.8991 0.027002 

14 0.4995 0.666 0.666 0.8325 0.012791 

15 0.666 0.7992 0.8325 0.9324 0.030249 

16 0.5661 0.71595 0.74925 0.8658 0.018303 

17 0.5994 0.74925 0.74925 0.8991 0.020487 

18 0.5661 0.71595 0.74925 0.8658 0.018303 

19 0.5661 0.71595 0.74925 0.8658 0.018303 

20 0.4995 0.666 0.666 0.8325 0.012791 

21 0.5661 0.71595 0.74925 0.8658 0.018303 

22 0.4662 0.6327 0.666 0.7992 0.011377 

23 0.3996 0.58275 0.58275 0.7659 0.008038 

24 0.5661 0.71595 0.74925 0.8658 0.018303 

25 0.666 0.7992 0.8325 0.9324 0.030249 

26 0.7326 0.84915 0.91575 0.9657 0.047481 

27 0.666 0.7992 0.8325 0.9324 0.030249 

28 0.4995 0.666 0.666 0.8325 0.012791 

29 0.4995 0.666 0.666 0.8325 0.012791 

30 0.4995 0.666 0.666 0.8325 0.012791 

31 0.666 0.7992 0.8325 0.9324 0.030249 

32 0.666 0.7992 0.8325 0.9324 0.030249 

33 0.5994 0.74925 0.74925 0.8991 0.020487 

34 0.333 0.4995 0.4995 0.666 0.004985 

35 0.4329 0.58275 0.58275 0.7326 0.008146 

36 0.4329 0.58275 0.58275 0.7326 0.008146 
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37 0.333 0.4995 0.4995 0.666 0.004985 

38 0.333 0.4995 0.4995 0.666 0.004985 

39 0.5994 0.74925 0.74925 0.8991 0.020487 

40 0.5994 0.74925 0.74925 0.8991 0.020487 

41 0.5994 0.74925 0.74925 0.8991 0.020487 

42 0.666 0.7992 0.8325 0.9324 0.030249 

 

 

Table 8.12: Data of the basic events (BE) for company E 

Indicator 

(BE) a b c d P(Xi) 

      

1 0.33 0.5625 0.5625 0.75 0.006767 

2 0.33 0.5625 0.5625 0.75 0.006767 

3 0.24 0.5 0.5 0.7 0.00466 

4 0.24 0.5 0.5 0.7 0.00466 

5 0.33 0.5625 0.5625 0.75 0.006767 

6 0.51 0.6875 0.6875 0.85 0.014081 

7 0.205 0.4375 0.4375 0.625 0.003225 

8 0.205 0.4375 0.4375 0.625 0.003225 

9 0.205 0.4375 0.4375 0.625 0.003225 

10 0.24 0.5 0.5 0.7 0.00466 

11 0.17 0.375 0.375 0.55 0.002127 

12 0.17 0.375 0.375 0.55 0.002127 

13 0.17 0.375 0.375 0.55 0.002127 

14 0.24 0.5 0.5 0.7 0.00466 

15 0.24 0.5 0.5 0.7 0.00466 

16 0.205 0.4375 0.4375 0.625 0.003225 

17 0.17 0.375 0.375 0.55 0.002127 

18 0.205 0.4375 0.4375 0.625 0.003225 

19 0.135 0.3125 0.3125 0.475 0.001308 

20 0.17 0.375 0.375 0.55 0.002127 

21 0.24 0.5 0.5 0.7 0.00466 

22 0.24 0.5 0.5 0.7 0.00466 

23 0.17 0.375 0.375 0.55 0.002127 

24 0.17 0.375 0.375 0.55 0.002127 

25 0.65 0.7875 0.8125 0.925 0.027446 

26 0.56 0.725 0.75 0.875 0.01842 

27 0.26 0.4375 0.4375 0.6 0.003306 

28 0.205 0.4375 0.4375 0.625 0.003225 

29 0.135 0.3125 0.3125 0.475 0.001308 

30 0.205 0.4375 0.4375 0.625 0.003225 

31 0.24 0.5 0.5 0.7 0.00466 

32 0.17 0.375 0.375 0.55 0.002127 

33 0.17 0.375 0.375 0.55 0.002127 

34 0.17 0.375 0.375 0.55 0.002127 

35 0.17 0.375 0.375 0.55 0.002127 

36 0.1 0.25 0.25 0.4 0.000726 

37 0.17 0.375 0.375 0.55 0.002127 

38 0.17 0.375 0.375 0.55 0.002127 
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39 0.205 0.4375 0.4375 0.625 0.003225 

40 0.135 0.3125 0.3125 0.475 0.001308 

41 0.135 0.3125 0.3125 0.475 0.001308 

42 0.135 0.3125 0.3125 0.475 0.001308 

 

 

Table 8.13: Data of the basic events (BE) for company F 

Indicator 

(BE) a b c d P(Xi) 

      

1 0.65 0.7875 0.8125 0.925 0.027446 

2 0.51 0.6875 0.6875 0.85 0.014081 

3 0.51 0.6875 0.6875 0.85 0.014081 

4 0.42 0.625 0.625 0.8 0.009755 

5 0.51 0.6875 0.6875 0.85 0.014081 

6 0.65 0.7875 0.8125 0.925 0.027446 

7 0.42 0.625 0.625 0.8 0.009755 

8 0.33 0.5625 0.5625 0.75 0.006767 

9 0.42 0.625 0.625 0.8 0.009755 

10 0.33 0.5625 0.5625 0.75 0.006767 

11 0.295 0.5 0.5 0.675 0.004816 

12 0.205 0.4375 0.4375 0.625 0.003225 

13 0.33 0.5625 0.5625 0.75 0.006767 

14 0.17 0.375 0.375 0.55 0.002127 

15 0.42 0.625 0.625 0.8 0.009755 

16 0.385 0.5625 0.5625 0.725 0.007077 

17 0.42 0.625 0.625 0.8 0.009755 

18 0.24 0.5 0.5 0.7 0.00466 

19 0.24 0.5 0.5 0.7 0.00466 

20 0.17 0.375 0.375 0.55 0.002127 

21 0.6 0.75 0.75 0.9 0.020569 

22 0.385 0.5625 0.5625 0.725 0.007077 

23 0.295 0.5 0.5 0.675 0.004816 

24 0.33 0.5625 0.5625 0.75 0.006767 

25 0.75 0.8625 0.9375 0.975 0.054326 

26 0.7 0.825 0.875 0.95 0.037705 

27 0.33 0.5625 0.5625 0.75 0.006767 

28 0.295 0.5 0.5 0.675 0.004816 

29 0.33 0.5625 0.5625 0.75 0.006767 

30 0.205 0.4375 0.4375 0.625 0.003225 

31 0.295 0.5 0.5 0.675 0.004816 

32 0.205 0.4375 0.4375 0.625 0.003225 

33 0.205 0.4375 0.4375 0.625 0.003225 

34 0.295 0.5 0.5 0.675 0.004816 

35 0.33 0.5625 0.5625 0.75 0.006767 

36 0.26 0.4375 0.4375 0.6 0.003306 

37 0.26 0.4375 0.4375 0.6 0.003306 

38 0.33 0.5625 0.5625 0.75 0.006767 

39 0.295 0.5 0.5 0.675 0.004816 

40 0.33 0.5625 0.5625 0.75 0.006767 
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41 0.24 0.5 0.5 0.7 0.00466 

42 0.205 0.4375 0.4375 0.625 0.003225 

 

 

Table 8.14: Data of the basic events (BE) for company G 

 Aggregate fuzzy numbers (M)  

Indicator 

(BE) a b c d P(Xi) 

      
1 0.56 0.725 0.75 0.875 0.01842 

2 0.575 0.7 0.75 0.825 0.017822 

3 0.51 0.6875 0.6875 0.85 0.014081 

4 0.295 0.5 0.5 0.675 0.004816 

5 0.51 0.6875 0.6875 0.85 0.014081 

6 0.47 0.6625 0.6875 0.825 0.012639 

7 0.47 0.6625 0.6875 0.825 0.012639 

8 0.56 0.725 0.75 0.875 0.01842 

9 0.42 0.625 0.625 0.8 0.009755 

10 0.42 0.625 0.625 0.8 0.009755 

11 0.56 0.725 0.75 0.875 0.01842 

12 0.47 0.6625 0.6875 0.825 0.012639 

13 0.56 0.725 0.75 0.875 0.01842 

14 0.385 0.5625 0.5625 0.725 0.007077 

15 0.65 0.7875 0.8125 0.925 0.027446 

16 0.56 0.725 0.75 0.875 0.01842 

17 0.385 0.5625 0.5625 0.725 0.007077 

18 0.42 0.625 0.625 0.8 0.009755 

19 0.33 0.5625 0.5625 0.75 0.006767 

20 0.42 0.625 0.625 0.8 0.009755 

21 0.7 0.825 0.875 0.95 0.037705 

22 0.51 0.6875 0.6875 0.85 0.014081 

23 0.38 0.6 0.625 0.775 0.008746 

24 0.6 0.75 0.75 0.9 0.020569 

25 0.56 0.725 0.75 0.875 0.01842 

26 0.47 0.6625 0.6875 0.825 0.012639 

27 0.435 0.6 0.625 0.75 0.00921 

28 0.42 0.625 0.625 0.8 0.009755 

29 0.47 0.6625 0.6875 0.825 0.012639 

30 0.56 0.725 0.75 0.875 0.01842 

31 0.61 0.7625 0.8125 0.9 0.024507 

32 0.61 0.7625 0.8125 0.9 0.024507 

33 0.47 0.6625 0.6875 0.825 0.012639 

34 0.42 0.625 0.625 0.8 0.009755 

35 0.475 0.625 0.625 0.775 0.01033 

36 0.51 0.6875 0.6875 0.85 0.014081 

37 0.385 0.5625 0.5625 0.725 0.007077 

38 0.475 0.625 0.625 0.775 0.01033 

39 0.7 0.825 0.875 0.95 0.037705 

40 0.6 0.75 0.75 0.9 0.020569 

41 0.56 0.725 0.75 0.875 0.01842 

42 0.51 0.6875 0.6875 0.85 0.014081 
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8.3.3 Defuzzification process 

This process converts a fuzzy number to a single point value called fuzzy possibility score 

(FPS) which represents the possibility of BE. The defuzzification process that has been 

used here is the left and right fuzzy ranking method. The left and right utility score of a 

fuzzy number can be obtained with the help of figure 8.2 and the following expressions 

(8.3) and (8.4) for the left and right utility score are as follows. 

 

 

Figure 8.2: Representation of fuzzy number and its left and right utility score ( 

Adapted from Cheliyan and Bhattacharyya 2018) 

 

            𝑈𝐿 =  
1−𝑎

1+𝑏−𝑎
                                                                                             (8.3) 

            𝑈𝑅 =  
𝑑

1+𝑑−𝑐
                                                                                             (8.4) 

 

The FPS can be obtained by the following equation 8.5. 

       𝐹𝑃𝑆 =  
𝑈𝑅+(1−𝑈𝐿)

2
                                                                                          (8.5) 

The defuzzification of the basic events lead to their FPS values which is shown in tables 

8.15 to 8.18.  
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Table 8.15: FPS and UL and UR data for company D 

 

Indicator FPS UL UR 

    

1 0.908219 0.182562 0.999 

2 0.908219 0.182562 0.999 

3 0.776486 0.294741 0.847713 

4 0.776486 0.294741 0.847713 

5 0.776486 0.294741 0.847713 

6 0.776486 0.294741 0.847713 

7 0.776486 0.294741 0.847713 

8 0.776486 0.294741 0.847713 

9 0.776486 0.294741 0.847713 

10 0.759416 0.324126 0.842959 

11 0.699035 0.377354 0.775424 

12 0.642306 0.429061 0.713673 

13 0.759416 0.324126 0.842959 

14 0.642306 0.429061 0.713673 

15 0.776486 0.294741 0.847713 

16 0.699035 0.377354 0.775424 

17 0.716767 0.348393 0.781928 

18 0.699035 0.377354 0.775424 

19 0.699035 0.377354 0.775424 

20 0.642306 0.429061 0.713673 

21 0.699035 0.377354 0.775424 

22 0.623826 0.457608 0.705259 

23 0.56994 0.507459 0.64734 

24 0.699035 0.377354 0.775424 

25 0.776486 0.294741 0.847713 

26 0.840135 0.239488 0.919758 

27 0.776486 0.294741 0.847713 

28 0.642306 0.429061 0.713673 

29 0.642306 0.429061 0.713673 

30 0.642306 0.429061 0.713673 

31 0.776486 0.294741 0.847713 

32 0.776486 0.294741 0.847713 

33 0.716767 0.348393 0.781928 

34 0.499571 0.571796 0.570939 

35 0.571966 0.493195 0.637127 

36 0.571966 0.493195 0.637127 

37 0.499571 0.571796 0.570939 

38 0.499571 0.571796 0.570939 

39 0.716767 0.348393 0.781928 

40 0.716767 0.348393 0.781928 

41 0.716767 0.348393 0.781928 

42 0.776486 0.294741 0.847713 

 

Table 8.16: FPS and UL and UR data for company E 
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Indicator FPS UL UR 

    

1 0.543984 0.543611 0.631579 

2 0.543984 0.543611 0.631579 

3 0.490079 0.603175 0.583333 

4 0.490079 0.603175 0.583333 

5 0.543984 0.543611 0.631579 

6 0.657523 0.416136 0.731183 

7 0.440643 0.64503 0.526316 

8 0.440643 0.64503 0.526316 

9 0.440643 0.64503 0.526316 

10 0.490079 0.603175 0.583333 

11 0.389644 0.688797 0.468085 

12 0.389644 0.688797 0.468085 

13 0.389644 0.688797 0.468085 

14 0.490079 0.603175 0.583333 

15 0.490079 0.603175 0.583333 

16 0.440643 0.64503 0.526316 

17 0.389644 0.688797 0.468085 

18 0.440643 0.64503 0.526316 

19 0.336997 0.734607 0.408602 

20 0.389644 0.688797 0.468085 

21 0.490079 0.603175 0.583333 

22 0.490079 0.603175 0.583333 

23 0.389644 0.688797 0.468085 

24 0.389644 0.688797 0.468085 

25 0.761884 0.307692 0.831461 

26 0.700048 0.377682 0.777778 

27 0.443839 0.62845 0.516129 

28 0.440643 0.64503 0.526316 

29 0.336997 0.734607 0.408602 

30 0.440643 0.64503 0.526316 

31 0.490079 0.603175 0.583333 

32 0.389644 0.688797 0.468085 

33 0.389644 0.688797 0.468085 

34 0.389644 0.688797 0.468085 

35 0.389644 0.688797 0.468085 

36 0.282609 0.782609 0.347826 

37 0.389644 0.688797 0.468085 

38 0.389644 0.688797 0.468085 

39 0.440643 0.64503 0.526316 

40 0.336997 0.734607 0.408602 

41 0.336997 0.734607 0.408602 

42 0.336997 0.734607 0.408602 

 

Table 8.17: FPS and UL and UR data for company F 
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Indicator FPS UL UR 

    

1 0.761884 0.307692 0.831461 

2 0.657523 0.416136 0.731183 

3 0.657523 0.416136 0.731183 

4 0.599762 0.481328 0.680851 

5 0.657523 0.416136 0.731183 

6 0.761884 0.307692 0.831461 

7 0.599762 0.481328 0.680851 

8 0.543984 0.543611 0.631579 

9 0.599762 0.481328 0.680851 

10 0.543984 0.543611 0.631579 

11 0.494703 0.585062 0.574468 

12 0.440643 0.64503 0.526316 

13 0.543984 0.543611 0.631579 

14 0.389644 0.688797 0.468085 

15 0.599762 0.481328 0.680851 

16 0.550681 0.522293 0.623656 

17 0.599762 0.481328 0.680851 

18 0.490079 0.603175 0.583333 

19 0.490079 0.603175 0.583333 

20 0.389644 0.688797 0.468085 

21 0.717391 0.347826 0.782609 

22 0.550681 0.522293 0.623656 

23 0.494703 0.585062 0.574468 

24 0.543984 0.543611 0.631579 

25 0.85752 0.224719 0.939759 

26 0.808527 0.266667 0.883721 

27 0.543984 0.543611 0.631579 

28 0.494703 0.585062 0.574468 

29 0.543984 0.543611 0.631579 

30 0.440643 0.64503 0.526316 

31 0.494703 0.585062 0.574468 

32 0.440643 0.64503 0.526316 

33 0.440643 0.64503 0.526316 

34 0.494703 0.585062 0.574468 

35 0.543984 0.543611 0.631579 

36 0.443839 0.62845 0.516129 

37 0.443839 0.62845 0.516129 

38 0.543984 0.543611 0.631579 

39 0.494703 0.585062 0.574468 

40 0.543984 0.543611 0.631579 

41 0.490079 0.603175 0.583333 

42 0.440643 0.64503 0.526316 

 

Table 8.18: FPS and UL and UR data for company G 

Indicator FPS UL UR 

    
1 0.700048 0.377682 0.777778 

2 0.694832 0.377778 0.767442 
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3 0.657523 0.416136 0.731183 

4 0.494703 0.585062 0.574468 

5 0.657523 0.416136 0.731183 

6 0.640415 0.444444 0.725275 

7 0.640415 0.444444 0.725275 

8 0.700048 0.377682 0.777778 

9 0.599762 0.481328 0.680851 

10 0.599762 0.481328 0.680851 

11 0.700048 0.377682 0.777778 

12 0.640415 0.444444 0.725275 

13 0.700048 0.377682 0.777778 

14 0.550681 0.522293 0.623656 

15 0.761884 0.307692 0.831461 

16 0.700048 0.377682 0.777778 

17 0.550681 0.522293 0.623656 

18 0.599762 0.481328 0.680851 

19 0.543984 0.543611 0.631579 

20 0.599762 0.481328 0.680851 

21 0.808527 0.266667 0.883721 

22 0.657523 0.416136 0.731183 

23 0.582858 0.508197 0.673913 

24 0.717391 0.347826 0.782609 

25 0.700048 0.377682 0.777778 

26 0.640415 0.444444 0.725275 

27 0.590844 0.484979 0.666667 

28 0.599762 0.481328 0.680851 

29 0.640415 0.444444 0.725275 

30 0.700048 0.377682 0.777778 

31 0.744596 0.338395 0.827586 

32 0.744596 0.338395 0.827586 

33 0.640415 0.444444 0.725275 

34 0.599762 0.481328 0.680851 

35 0.608696 0.456522 0.673913 

36 0.657523 0.416136 0.731183 

37 0.550681 0.522293 0.623656 

38 0.608696 0.456522 0.673913 

39 0.808527 0.266667 0.883721 

40 0.717391 0.347826 0.782609 

41 0.700048 0.377682 0.777778 

42 0.657523 0.416136 0.731183 

 

8.3.4 Converting fuzzy possibility score to fuzzy failure probability 

The fuzzy possibility score of all BE needs to be converted to their fuzzy failure 

probability P(Xi). The fuzzy failure probability is defined as follows: 

𝑃(𝑋) = [
1

10𝑘 

0 𝑓𝑜𝑟 𝐹𝑃𝑆=0

𝑓𝑜𝑟 𝐹𝑃𝑆 ≠0

                                                                                          (8.6) 
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𝑘 = 2.301 {
1−𝐹𝑃𝑆

𝐹𝑃𝑆
}

1

3
                                                                                              (8.7) 

Table 8.11 to 8.14 gives the P(X)i values or the probability of basic events for all the four 

companies.  

8.4 Fault tree analysis 

Fault tree analysis was developed in 1962 and is frequently used in the fields of safety 

engineering (Shoar and Banaitis 2019). It is a top-down deductive failure analysis for 

estimating system reliability using Boolean logic. FTA is used to provide framework 

using the defects and weaknesses of the system can be analysed qualitatively and 

quantitatively. FTA begins with the aim of identifying the causes of the undesired event. 

The relationships between the top event, intermediate and basic events are presented by 

logical gates such as OR and AND. OR gate indicates the occurrence of any lower event 

would result in the occurrence of the upper event and AND gate indicates that if lower 

events occur then upper event will occur as well. In conventional FTA, the failure 

probabilities of the basic events (BE) are exact values but getting the precise estimation 

of failure probabilities of BE is not easy and impractical due to insufficient data (Cheliyan 

and Bhattacharyya 2018). It is often necessary to work with possibility as compared to 

probability. Figure 7.1 shows the proposed fault tree for RSC which includes 3 constructs 

and 10 sub constructs of our RSC model as discussed in the chapter 3 as well.  

It is understood through literature that all the constructs of RSC follow an AND gate 

which is progressive relationship as defined by Cooper et al (Cooper 2000). This is 

assumed that resilience level can only be achieved if employees can perceive about safety 

(psychological) and have behavioural capability and have managerial system in place. In 

the absence of any of these three, there is no resilience in the culture. However, in the 

case of measuring sub-constructs and indicators, OR gates are used. This is mainly 

because OR gates are parallel relationship which allows achieving a construct (or sub-

construct) partially even one sub-construct (or indicator) are absent. As an example, some 

degree of ‘Behavioural capability’ (which is a construct) within an organisation is 

possible to achieve even some of its measuring sub-constructs or indicators are absent. It 

should be noted that the OR and AND gates are used in this study because it is assumed 

that the indicators, sub-constructs and constructs all follow the true relationships as 

defined. There is no cross relationship. This is the limitation and assumption of this study. 

Further work needs to be done to understand these relationships more using structural 
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equation modelling and other techniques and other gates can be used once this concept is 

validated.  

Behavioural capability construct is used as an example to show the breakdown of FTA 

in more detail towards the events level. Figure 7.2 shows illustration of the construct 

“Behavioural capability” denoted by B0 (Chen et al. 2016). After OR gate, B1, B2, B3, 

B4 are its sub constructs namely “Learned resourcefulness”, “Counterintuitive agility”, 

“Practical habits”, Behavioural preparedness”. X10 to X24 are the basic events or 

indicators (Garg, Alroomi, Anwar, et al. 2019; Garg and Mohamed 2018). There are 42 

indicators in the whole RSC. Probabilities of achieving each constructs and sub-

constructs can be estimated by conducting a survey among employees within the 

organisation.  

Once the basic event probabilities are calculated, the relative probabilities are calculated 

using the FTA approach. Table 8.19 shows the relative probabilities of all the companies 

for the subconstructs and table 8.20 shows the relative probabilities of the constructs for 

all the companies.  

 

Table 8.19: Company D, E, F, G relative probability data for sub constructs 

 

Sub-

Construct 

Group # 

RSC sub constructs Company 

 D 

Company  

E 

Company 

F 

Company 

G 

1 Conceptual orientation 0.058 0.006 0.016 0.014 

2 Constructive sense making 0.03 0.006 0.014 0.014 

3 Learned resourcefulness 0.023 0.003 0.006 0.014 

4 Counterintuitive agility 0.021 0.003 0.005 0.016 

5 Practical habits 0.018 0.002 0.006 0.010 

6 Behavioural preparedness 0.014 0.003 0.01 0.020 

7 Deep social capital 0.024 0.009 0.019 0.014 

8 Broad resource network 0.021 0.003 0.004 0.018 

9 Psychological safety 0.007 0.002 0.005 0.010 
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10 
Diffused power and 

accountability 

0.023 
0.002 

0.005 
0.023 

 

Table 8.20: Company D, E, F, G relative probability data for constructs 

Construct 

Group # 

RSC constructs Company 

 D 

Company  

E 

Company 

F 

Company 

G 

1 
Psychological 

capability  

0.044 
0.006 

0.015 
0.014 

2 Behavioural capability  0.019 0.003 0.007 0.015 

3 Managerial capability  0.019 0.004 0.008 0.016 

 
Total resilience 

probability (RL) 

1.55e-5 
7.35e-8 

8.20 e-7 
3.36e-6 

 

. For example in company D, to find failure mode or the weak resilience areas, it is seen 

that “Behavioural preparedness” is the weakest subconstruct and thus the failure mode 

may pass through this subconstruct as seen in Table 8.19. The weakest construct is 

“Behavioural capability” and Managerial capability” out of these two the “Behavioural 

capability” will have the failure mode pass through since the “Behavioural preparedness” 

is subconstruct to “Behavioural capability” construct. The total resilience probability for 

company E is lowest and company D is highest as seen in Table 8.20. Company E shows 

that less resilience is available to the whole network and less information is available 

which goes up the topmost level.  

8.5 Resilience index 

In this section, resilience index (RI) or safety culture index (SCI) is developed using a 

fuzzy synthetic evaluation method for safety critical organizations which helps measure 

the status of resilient safety culture in those organizations. Fuzzy synthetic evaluation 

(FSE) methodology follows the fuzzy set theory. The index is useful to evaluate various 

project sites or organizations and compare successfully as it takes care of the fuzziness 

information available. It can also help in disseminating resources to the weak RI projects.  
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8.5.1 Model Application 

Multiple organizations were surveyed. Appendix B shows the breakdown of indicators, 

constructs and sub constructs. Likert scale from 1-5 was used to rate these items, where 

1 on the low side or lower expectancy and 5 on the higher side or higher expectancy.  

It is difficult to determine the exact probability of occurrence between events (Pan & Yun, 

1997). The fuzzy numbers are thus used to deal with imprecise and vague information 

such as extremely likely, likely, extremely unlikely etc. In our Likert scale, the survey 

gives five options starting from 1 which denotes very low expectancy (VLE), 2 denotes 

low expectancy (LE), 3 denotes medium expectancy (ME), 4 denote high expectancy 

(HE) and 5 denotes very high expectancy (VHE). These linguistic expressions describe 

the probability of the indicator’s occurrence. These linguistic values can be represented 

by various forms of fuzzy numbers.  

8.5.2 Methodology 

The FSE model follows the following approach (Xu et al. 2010).  

Step 1: Establish a basic set of criteria 𝜋 = {𝑓1, 𝑓2, 𝑓3 … … . . 𝑓𝑛}; where n is number of 

criteria 

Step 2: Label the set of grade alternatives as 𝑔 = {𝑔1, 𝑔2, 𝑔3, … . 𝑔𝑛}. This is the scale 

measurement categories such as Likert scale of 1 means VLE (very low expectancy). 

Step 3: Set the weight for each factor component. The weight (W) is found or 

calculated from the survey using the equation : 𝑤𝑖 =  
𝑀𝑖

∑ 𝑀𝑖
5
𝑖=1

, 0 < 𝑤𝑖 < 1, ∑ 𝑤𝑖=1
𝑛
𝑖=1  

where 𝑤𝑖 is weight function of SCA or SCG and Mi is the mean score value of the 

SCA or SCG, the limit of M is 5 in this study which is the grade 

Step 4: Apply fuzzy evaluation matrix for each factor where the matrix is expressed 

as 𝑅𝑖 =  (𝑟𝑖𝑗)𝑚𝑥𝑛, where 𝑟𝑖𝑗 is the degree to which gj satisfies the criteria fj. 

Step 5. Reach a final FSE results by considering the weight vector and fuzzy 

evaluation matrix using equation: 𝐷 = 𝑤𝑖𝑜 𝑅𝑖 where 𝑤𝑖is the weight function for 

SCA for each SCG, o is fuzzy composite operation and 𝑅𝑖 is fuzzy matrix 

Step 6. The final FSE matrix is normalized and resilient safety culture index (SCI) for 

the particular factor is computed using the equation: 𝑆𝐶𝐼 = ∑ 𝐷 ∗ 𝑔5
𝑖=1  
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The detailed process of calculating the resilience index is not shown in this case study 

as this is similar to as described in chapter 7.  

8.5.3 Results 

 

Table 8.21: Resilience index for company D 

 

Safety culture group 

(SCG) or construct 

Safety culture index 

or Resilience index 

Ranking 

Psychological capability 

(P) 

4.53 1 

Behavioral capability 

(B) 

4.02 3 

Managerial capability 

(M) 

4.15 2 

Total 12.70  

 

Table 8.22: Resilience index for company E 

 

Safety culture group 

(SCG) or construct 

Safety culture index 

or Resilience index 

Ranking 

Psychological capability 

(P) 

3.19 1 

Behavioral capability 

(B) 

2.9 3 

Managerial capability 

(M) 

3.15 2 

Total 9.24  

 

Table 8.23: Resilience index for company F 

 

Safety culture group 

(SCG) or construct 

Safety culture index 

or Resilience index 

Ranking 
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Psychological capability 

(P) 

3.81 1 

Behavioral capability 

(B) 

3.36 3 

Managerial capability 

(M) 

3.63 2 

Total 10.79  

 

Table 8.24: Resilience index for company G 

 

Safety culture group 

(SCG) or construct 

Safety culture index 

or Resilience index 

Ranking 

Psychological capability 

(P) 

3.85 3 

Behavioral capability 

(B) 

3.92 2 

Managerial capability 

(M) 

3.93 1 

Total 11.70  

 

8.6 Discussions  

All the companies are focusing on the psychological or managerial capability but not 

behavioural capability which is the most important capability since it is the one which 

effects the safety the most. It has been seen the managerial capability influences the 

psychological and behavioural capability and psychological capability influences 

behavioural. Company D has highest resilience index of 12.7 and company E has lowest 

resilience index of 9.24. This is the same result found using the FTA approach, but the 

index is a measure which can be compared between companies in much better way and 

FTA is mostly used to find the failure modes.  

Chapter Summary 

In this case study, the four Australian construction companies were compared. The survey 

or the resilient safety culture model is generic and can be used in any industry or country 



178 

 

without limitation. The Relative importance index, fuzzy fault tree analysis, fault tree 

analysis and resilience index are used to get various data which is used to find the weak 

resilience areas and compare the companies by resilience index.  
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Chapter 9: Discussions and conclusions 

 

This chapter highlights the results, discusses the study findings, and draws conclusions. 

It begins with Section 9.1 starts with discussions on the overarching topic, Section 9.2 

highlights research questions and key findings. Section 9.3 presents the contributions 

made by this study to the existing body of knowledge. Section 9.4 discusses the 

implications of this research on the industry. Section 9.5 presents the limitations, 

recommendations and future research.  Section 9.6 provides the closure of this thesis.  

 

9.1 Discussions 

9.1.1 Adaptive systems 

An adaptive system is a set of interacting or interdependent entities forming an integrated 

whole that together can respond to environmental changes. Feedback loop represents a 

key feature of the adaptive systems. Woods et al. defined three basic patterns how 

adaptive systems fail (Hollnagel 2013). The three basic patterns are decompensation-

when the system exhaust its capacity to adapt, second is working at cross purposes-when 

roles exhibit behaviour that is locally adaptive but globally maladaptive and the third is 

getting stuck in outdated behaviours-when the system over relies on past successes.   

As we all know that adaptive systems behave with brittleness in their character as 

compared to flexibility. The training done to adapt to changes in this adaptive system 

leads to some flexibility in some areas and brittleness in others. This system is thus stuck 

in complexity, saturation, and eventual collapse. The opposite of this system is one where 

resilience engineering is adopted (figure 2.8). The adapted behaviour in the resilience 

environment is such as to understand what is getting adapted and how it is adapted. The 

resources can be invested after understanding this flexibility in the system.  Past incidents 

provide information about how a system was brittle which means could not adapt to 

variations or the boundary to adapt fell short. That is why lagging indicators are good 

learning resources as described in resilience engineering.  If the system is flexible or 

resilient then it shows how it can be adapted to disruptions. The failure happens when the 
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organization is not well prepared for disruptions, the complex systems make it very 

difficult to understand the variations well since the interactions are dynamic in nature.  

9.1.1.1 Communication 

The fault tree analysis helps in deciphering which weak areas or bottlenecks can lead to 

failure since fault tree analysis show the constructs, subconstructs and indicators which 

are participating in low resilience mode which can lead to failures thus known as failure 

modes. This can be achieved in two ways. One is to look at the structure of the network 

and its attributes, which can show where the bottleneck is and second is by way of path 

visualization, where the weak linkages are located. Node and network attributes help the 

user to decipher the bottlenecks which inhibit the informational flow. The node attribute 

is more in the local sense and network attributes in the global sense of the network. Figure 

9.1 and 9.2 shows the concept of local and global attributes. For example, if the 

informational flow of the organization can be understood, it can easily be understood as 

to which departments interact the most, which departments do not give enough input and 

which departments do not participate at all. The departments which interact the most 

should be focused, and resources allocated so the information flows faster. If an incident 

happens, how organization can respond is best understood by the informational flow.  

Front-line workers and supervisors can be an organization’s best asset for hazard 

recognition and response. Providing ways to communicate and address safety concerns 

supports the resiliency of the workforce. Programs such as Health and Safety Committees, 

Stop Work Authority, near-miss reporting, and blame-free incident investigations 

empower staff with tools to report and respond to unsafe conditions. 

The leading indicators used in this study are distributed into capabilities such as 

psychological, behavioural and managerial which helps the organization differentiate the 

weaknesses in the organization easily. These leading indicators make the organization 

resilient as compared to a brittle adaptive system as discussed earlier. The resilient 

organization always has a feedback loop or learning component either from past 

experiences or from future failures through lagging indicators or these leading indicators. 

The system can stop adapting either due to resources not available or training or human 

capacity to learn. Further, human capacity to learn will be discussed. This has been 

discussed in chapter 7 where it is found that human resources are very important since all 

the capabilities rely on this directly or indirectly. It is also found through the chapter 6 

conclusions that the capabilities are interdependent on each other.   
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When it is compared in a single company, network structure with weight and without 

weight and with unidirectionality and bi directionality, it is found that unidirectionality is 

synonym with hierarchy. This shows if the reporting culture is unidirectional or 

bidirectional. Network structure with weight is giving more importance to one department 

as compared to other like giving more resources. If for example, the employees just have 

a formal relationship with their leader and report the safety issue to their supervisors and 

that information is just forwarded to the company hierarchy, it is unidirectional 

relationship. There is no feedback loop where the supervisor gives some instruction or 

helps in rectifying the problem. This unidirectional relationship is not good for the 

company. The bidirectional relationship would be ideal relationship. Since the adaptive 

systems need a feedback loop to rectify the problem since the study is looking at the 

resilient characteristics in unidirectionality, it is giving the worst possible resilience which 

flows unidirectionally to the top hierarchy. 

The linkage weights are a necessary to define the real network structure so comparing 

just the weighted uni and bidirectional networks, bidirectional weighted networks show 

high resilience. The hierarchy thus negates the reporting culture assumptions. The 

reporting culture should be one where the informational flow across the organization is 

fast and thus high resilience in the organization is introduced. The bidirectional weighted 

network has fast speed then unidirectional clearly validating the point of reporting culture.  

The organization should disseminate what is learnt in near misses and any other incidents 

quickly across the company. Other network attributes also play a role to find the 

bottlenecks in the information flow and show which area is central to the informational 

flow. Node attributes are local behaviours which can be adaptive but globally 

maladaptive, thus both local and global attributes need to be investigated for a good 

organizational character.  

Traditionally, communication during disaster has been one way from the safety 

department to the whole organization which should not be the case. The decision body 

benefit from the situational awareness of who is working with whom and on what tasks 

and under what circumstances. Social network analysis (SNA) tools can help visualize 

these connections. It is important to know which groups work well with one another, 

which individuals know one another and what sources of information can be trusted. 

Critical links need to be identified and plans put in place, so the communication is 

sustainable. Weak linkages identified using the SNA shown in thesis earlier gives the 

decision body a heads-up as to what can lead to deficiencies while responding to a 
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Figure 9.2: Combination on all centrality concepts in one network 

 

Figure 9.2 shows the different actors may have advantage based of their position in the 

network. This helps the decision makers to place right people in the strategic nodes 

location which suits the characteristic which they cater to. 

To understand how the communication flows in the organization before visualization, a 

survey can be generated. Table 9.1 is the questionnaire which is used to survey various 

stakeholders in the organization.  The questionnaire tells information about the mode, 

form and frequency (strength) of communication. The data is coded and sorted in MS 

excel as it is compatible with most SNA software like ORALITE. When coding the 

frequency of safety communication, the following scheme was used 1= once a month, 

2=biweekly, 3= weekly, 4=once a day, 5=more than once a day. The direction, frequency 

and mode of exchange can be analysed individually or in combination.  

 

Table 9.1: SNA questionnaire 

To whom the safety information is provided and how often do you communicate and 

through what means?? 

Name of the 

individual 

whom you 

provide 

safety 

informatio

n to 

Frequency Common mode of communication 
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This study thus tries to show quantitatively how the resilient network can be formed 

where the human resource is active and ready to learn, an organization which is looking 

local and global scenarios and using both leading and lagging indicators to be more 

informed and have a feedback loop to anticipate, monitor, respond and learn. This will 

make an  adaptive resilient organization system which is better than conventional 

organizations which rely on past experiences for their learning. Figure 7.2 clearly shows 

that the black box is the social network analysis which if understood well can help in 

reducing the future incidents. This figure is assumed to be a modified swiss cheese model 

where the risks are on one side and the accidents on the other. When the risks cross the 

preventive barries due to the multiple interactions intra or inter between different risks, 

the hazards turn to an accident. The social network analysis is the black box which can 

decipher the interactions and help give some information on future failures or near misses.  

9.1.1.2 Leadership 

It should also be noted that leadership drives culture and culture drives behaviour. Does 

the organizational staff know they have leader’s support in saying no to unsafe work? It’s 

easy for staff to prioritize the obvious, immediate rewards of production, profitability, 

and convenience over the potential consequences of an unsafe act – especially those acts 

where workers have a low perception of risk. To overcome these strong motivational 

factors, leaders should clearly convey to their staff that safety is an essential component 

of the work and should not be sacrificed for other priorities. Leaders should follow by 

example.  
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To have an adaptive system, leader traits need to be closely understood. First, leaders and 

their teams need to be trained in abilities to adapt. Crew resource management training in 

aviation is a very successful example for such trainings. But even these trainings still have 

their challenges, such as extending them from cockpit crews to cabin crews along with 

the necessary appreciation for adaptive delegation of leadership. It has been found in 

some studies that there is difficulty of trainings being attached to a particular mode of 

operation and underlying assumptions and rules for that mode. Thus, if trainings are to 

enable leaders and their teams to switch between modes of operations, these underlying 

assumptions need to be addressed as well. This is related to flexible culture where the 

leaders can adapt quickly.  

This leads to the second recommendation. To truly embrace different modes of operation 

requires bridging the worldviews embedded in the different approaches to managing 

stability and flexibility. Resilience depends on a shared understanding across professional 

boundaries of the legitimacy of different kinds of leadership in response to tensions 

concerning control and adaptive capacity, which may even entail deliberate promotion of 

uncertainty in some cases. Perspective taking and cross-learning among the different 

professions involved in safety are crucial to reflect on and reconcile the diverse belief 

systems and to create shared views on problems and on ways to solve them. Leaders are 

called upon to facilitate these processes and to encourage the needed organizational 

change. 

The third recommendation concerns the relationship between operating organizations and 

regulatory agencies. Different worldviews do not only exist within organizations but - 

most likely even more so - between organizations, especially when they have very 

different tasks and roles such as operating versus regulating and inspecting safety-critical 

processes. Thus, a shared view of the legitimacy of different modes of operation must 

also be established between operating organizations and their regulators and auditors. 

Depending on the given regulatory regime, this is a more or less daunting task. When 

regulation is prescriptive, a shared perspective on what is adequate behaviour is more 

important, but especially acceptance of empowered modes of operation may be more 

difficult to achieve due to that same regulatory preference for highly standardized 

processes. Only if an open dialogue between operator and regulator is established, can 

the operational flexibility which lies at the heart of resilience be effectively realized. 

9.1.1.3 Human capacity to learn 
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In addition to visible commitment, leaders must establish clear expectations when it 

comes to safety. This includes establishing unacceptable levels or risk, lines of authority 

and responsibility, and safe operating procedures. Expectations and safe work practices 

should be memorialized in written documents and staff should be well versed in the 

requirements. Documented training establishes employee understanding. Accountability 

to these expectations should also be supported through positive and negative 

consequences. Keep in mind when considering negative consequences for personnel (i.e., 

disciplinary action), it’s important to first consider what operational factors may have 

contributed to that person’s actions, rather than defaulting to the convenient response of 

personnel error. Staff will be resistant to a safety program that appears to unfairly penalize 

its workers.  

Understanding network resilience thus helps in reducing safety risks, mitigating failures, 

and reducing time to recovery. Risk management and safety performance are closely 

related. Figure 9.3 shows the interrelationships among social network attributes, network 

resilience, and safety performance (Wehbe, Hattab, and Hamzeh 2016). 

 

 

Figure 9.3 : Interrelationships among social network attributes, network resilience, 

and safety performance ( Adapted from Wehbe et al. 2016) 

 

This study looks at resilience which is used in the system to make a better functioning 

system. Figure 4.11 thus is validated where the resilience is incorporated in the system. 

It is thus understood that the network attributes; system performance and resilience are 

connected as seen by figure 9.3. This study has not looked at the system performance and 
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how the system performance can be enhanced by addition of resilience in the system 

which can be a future study but it has been proven in Trinh et. al study that resilience does 

improve system performance.  

 

9.1.2 Resilience index  

The resilience index is designed to create a baseline to enable organizations to monitor 

the multiple factors that contribute to their resilience. Its primary function is to diagnose 

strengths and weaknesses and measure the relative performance over time. The resilience 

index follows a nonlinear relationship where resilience starts with the resilience index 

from 3.3 and it goes to a 15 maximum. No resilience in the system shows a resilience 

index of zero value. A company without too much effort and time can jump from a very 

low base from 3.3 to say 8 then it may take much more effort and time to improve and 

say reach 12 and perhaps it will take them lifetime to move from 12 to reach 14 or higher. 

If there is no data from either of the three constructs, then the resilience index is zero. 

This is how the method functions. The resilience index developed can be deemed flexible 

in operation at the normalization steps when the user chooses to have a threshold, the 

threshold can be there or not depending upon the amount of calculations the user wants 

to achieve. The user can choose to select the group in the data for normalization 

irrespective of the threshold which can be a flexibility to the calculation. Resilience index 

can help the companies make strategy in dealing with risk. If the company finds a low 

resilience index, it can see where the level is low and work to enhance the resilience by 

strengthening that area.  

The SEM calculation done in chapter 6 shows the psychological and managerial 

capability influences behavioural capability that can also be taken into consideration 

while analysing the resilience index data. The managerial capability influences the 

psychological capability. The company need to make strategy as to how it can increase 

the resilience with minimum intervention. This relationship can thus help in choosing the 

right construct for enhancing the resilience index and thus resilience.  
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9.2 Revisiting the research questions and key findings 

There were five different questions when this study was commenced. The first question 

was about defining RSC which was done successfully. RSC model was developed with 

psychological, behavioural, and managerial as three main constructs, followed by sub-

constructs and indicators. The second question talks about connecting these constructs, 

sub constructs and indicators. It has been assumed that the relationships between each 

construct to sub constructs and indicators is true since structural equation modelling was 

not used to validate those results. The relationship between the constructs, subconstructs 

and indicators have been chosen based on literature survey. The SEM calculation found 

the relationship between the constructs but not construct to sub construct and indicators 

as it was not in the scope of work. This would be left for the future study. 

The third question talks about the interactions. The constructs, subconstructs and 

indicators were connected using network theory allocating the FTA weightages for 

linkages and visualizing and interpreting the results. It can be seen through visualization 

that weak resilience linkages can be seen throughout the RSC model thus showing 

interactions which are strong and weak in the network. The fourth question talks about 

the quantification of resilience which is done using resilience index. The fifth question 

talks about the usage of quantifying. The resilience index helps in quantification of the 

resilience and thus helps in comparing different organizations. Thus, this study 

successfully answers all the research questions which were designed for this study.  

 

9.2.1 Key findings 

1) Resilient safety culture model was developed.  

2) It was found that psychological capability, then behavioural capability then managerial 

capability should be the focus in an organization in this order to take care of weak links 

if found in all the three constructs. 

3) It was found that psychological and managerial capability influences behaviour 

capability and managerial capability influence psychological capability 

4) It was found that fault tree analysis can help find the weak paths in an RSC structure 

of an organization. 
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5) Fault tree analysis help in visualization and make the user understand the primary, 

secondary and tertiary failures better and interactions can be complex which can be 

associated with these failures. It should be noted that primary failures are low resilience 

levels between indicators to subconstructs links, the secondary is from subconstruct to 

construct links and the third is construct and the topmost level.  

6) A resilience index is created which helps in measuring the resilience in an organization 

and for comparison between different organizations.  

 

9.3 Contribution to existing body of knowledge 

Resilient safety culture model has not been defined and modelled in such a way as done 

in this study. Quantification using FTA and complex network theory in integration for the 

RSC model is unique and thus gives good practical application for any organization to 

use and implement. The two cases studies show successful implementation of the model. 

The second case study show more detailed analysis as compared to the first case study by 

using fuzzy fault tree analysis to find the basic event probabilities and thus calculating 

the probabilities of the whole fault tree. The generic model of the RSC helps to implement 

the case studies in various industries and in various countries. Resilience index gives a 

good platform to compare to organizations to find the resilience comparisons.  

 

9.4 Implications on the industry  

This resilience safety culture model generated along with the methodology adopted in 

this study can help the industry to making right decisions in enhancing the resilience of 

the company with minimum intervention. It can help the industry find the weak areas 

where the intervention is needed. It can also give leading indicators which can cause 

future incidents. Social network analysis can help the organization in a disaster and 

planning this response is essential which is shown and discussed in detail as well in this 

chapter in discussions section. 
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9.5 Limitations of this study, recommendations and future work 

The limitation of this study is that the model is based on assumption that the indicators 

all lie in the same sub-construct and all sub-construct lie in the same construct. Further 

study needs to look at this issue using SEM. Second is in social network analysis, the 

analysis is done using the model dependencies which shows the resilience index and 

resilience levels. The information flow should also be looked at based on how it flows 

from an individual in a department or item to other individuals and units. (Tasic, Tantri, 

and Amir 2019) showed how the information flows in an organization in formal and 

informal sense. This study just tries to show the formal information flowing plus this 

model is generic in nature and not based on a single company’s organizational structure. 

The communication between intra and intercompany plays an important role in reporting 

culture perspective and how this information is flowing or where the weak areas are can 

be studied in more detail with a single site-specific model.  

Further, complex systems using complex networks as a methodology is subjected to 

constant development and still the theory is not exact to predict the behaviour of the 

model. Also, the model is not fully complete but a good effort to simulate the resilient 

safety culture. The dynamics of interactions between elements keep on changing with 

time and so the model need to be very dynamic to catch the variations.   

The quantitative data was used to model and to find the interactions. Future research 

should look at qualitative and quantitative data to understand the interactions. Interviews 

and discussions should also be used to capture the three constructs.  

FRAM can used to model the problem. Also, longitudinal study can be done to look at 

lagging and leading indicators and if they are same or different and if the weak areas 

predicted by the model which are the leading indicators can be validated.  

 

9.6 Closure 

This study thus successfully created a model for resilient safety culture including defined 

components. It shows how to quantify resilience in the model and find weak resilience 

paths and components which need to be focused more for reduction in near misses and 

accidents or events. Various types of resources need to be allocated at various places 

where needed along with modification of management practices can be done to enhance 
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these resilience levels. Social network analysis presents a good visualization tool which 

successfully interprets the defined goals of this study. Fault tree analysis define the 

linkage weights successfully which are based on the progressive and parallel 

relationships. Two cases studies show that different environments can be modelled and 

studied using the same generic model.  
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Appendix A 

Classification of literature based on resilience (R), safety culture (SC), psychological (P), 

behavioural (B), managerial (M) 

 

# 

 

Reference R P M B SC 

1  Weick (Weick 1993) ✓          

2  Thomas et al. (Thomas et al. 1993)   ✓   ✓     

3  Coutu (Coutu 2002)  ✓ ✓   ✓     

4  Freeman et al. (Freeman et al. 2003)  ✓         

5 

 Lengnick-Hall et al. (Lengnick-Hall 

and Beck 2005)  ✓  ✓  ✓ ✓    

6 

 Lengnick-Hall et al. (Lengnick-Hall 

et al. 2011)  ✓         

7  Sheremata (Sheremata n.d.)    ✓  ✓    
8   Chen et al. (Chen et al. 2016)     ✓    ✓  

9 

  Eisenhardt et al. (Eisenhardt and 

Tabrizi 1995)     ✓      

10   Miller et al. (Miller and Chen n.d.)     ✓      

11   Edmondson (Edmondson 1999)   ✓        

12   Ireland et al. (Ireland 2002)     ✓      

13   Mallak (Mallak 1998)  ✓  ✓  ✓ ✓  ✓  

14   Judge et al. (Judge et al. 2000)     ✓      

15   Nahapiet et al. (Nahapiet n.d.)     ✓      

16 

  Akgun et al. (Akgün and Keskin 

2014a) ✓  ✓   ✓ ✓    

17  Trinh et al. (Trinh and Feng n.d.) ✓ ✓ ✓ ✓  ✓ 

18 

  Cole et al. (Cole, Stevens-Adams, 

and Wenner 2013)          ✓ 

19 

  Shirali et al. (Shirali, 

Mohammadfam, and Ebrahimipour 

2013)  ✓        ✓ 

20   Qureshi (Qureshi 2007) ✓         ✓ 

21 

  Kim et al. (Kim, Nazir, and 

Øvergård 2016)          ✓ 

22 

  Wachter et al. (Wachter and Yorio 

2014)     ✓     ✓ 

23 

  Daft et al. (Daft and Macintosh 

1981)      ✓    ✓ 

24   You [47]  ✓  ✓  ✓  ✓  ✓ 

25 

  Lengnick-Hall et al. (Lengnick-Hall 

and Beck 2005)  ✓  ✓  ✓  ✓ ✓  

26 

  Akgun et al. (Akgün and Keskin 

2014a) ✓   ✓  ✓  ✓  ✓ 

27 

  Kashwani et al. (Al Tamimi et al. 

2017)         ✓  



209 

 

# 

 

Reference R P M B SC 

28 

  Azeez et al. (Azeez and Gambatese 

2018)  ✓       ✓ 

29   Leveson (Leveson 2011a) ✓        ✓  

30 

  Shiali et al. (Gh. A. Shirali et al. 

2016) 

 ✓

         ✓  

31   Sardoh (Sardoh n.d.) ✓  ✓   ✓  ✓ ✓  

32 

  Lingard et al. (Lingard and 

Rowlinson 1997)      ✓  ✓ ✓  

33   DeJoy (DeJoy 2005)     ✓   ✓ ✓ 

34   Boin (Boin 2008)  ✓    ✓   ✓  

35 

  Boin et al. (Boin and van Eeten 

2013) ✓   ✓ ✓   ✓ ✓  

36 

  Choudhry et al. (Choudhry et al. 

2007) ✓   ✓  ✓  ✓ ✓  

37   Costella et al. (Costella et al. 2009) ✓   ✓  ✓  ✓ ✓  

38   Cox et al. (Cox and Cheyne 2000) ✓ ✓  ✓  ✓  ✓  

39 

  Dalziell et al. (Dalziell and 

McManus 2004) ✓    ✓    ✓  

40   Carvalho (de Carvalho 2011) ✓    ✓    ✓  

41   Fang et al. (Fang and Wu 2013) ✓   ✓ ✓   ✓ ✓  

42 

  Suraji et al. (Suraji, Duff, and 

Peckitt 2001)  ✓   ✓    ✓  

43 

  Pettit et al. (Pettit, Fiksel, and 

Croxton 2010) ✓    ✓    ✓  

44 

  Hollnagel (Hollnagel and Woods 

n.d.) ✓       ✓   

45 

  Cooper et al. (Cooper and Phillips 

2004) ✓   ✓ ✓   ✓ ✓  

46 

  Muniz et al. (Fernández-Muñiz et 

al. 2007) ✓    ✓    ✓  

47 

  Fletcher et al. (Fletcher and Sarkar 

2013)  ✓   ✓     ✓  

48   Flin (Flin 2007) ✓  ✓      ✓  

49   Zhou (Zou n.d.)         ✓  

50   Woods (Woods 2015)  ✓       ✓  

51   Fruhen et al. (Fruhen et al. 2013)    ✓  ✓ ✓  ✓  

52   Guldenmund (Guldenmund 2000b)    ✓  ✓  ✓ ✓  

53 

  Guldenmund (Frank W 

Guldenmund 2010)   ✓   ✓  ✓ ✓ 

54   Haavik et al. (Haavik et al. 2016)  ✓        ✓ 

55   Hornell et al. (Home and Orr 1997)  ✓    ✓ ✓  ✓  

56   Hopkins (Hopkins 2006)  ✓     ✓   ✓ 

57   Park et al. (Park et al. 2013) ✓    ✓     ✓ 

58   Trinh et al. (Trinh et al. 2018) ✓   ✓ ✓   ✓ ✓  

59   Ulrich (Ulrich 2017)        ✓ ✓  

60 

  Hosseinian et al. (Hosseinian and 

Torghabeh n.d.)        ✓ ✓  

61   Maloney et al. (Maloney 2003)   ✓  ✓  ✓  ✓  
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# 

 

Reference R P M B SC 

62   Reason (Reason 2016)      ✓    ✓  

63   Flin et al. (Flin et al. 2000)      ✓ ✓  ✓  

64 

  Guldemund (Frank W. 

Guldenmund 2010)   ✓  ✓    ✓  

65   Mohamed (Mohamed 1999)     ✓    ✓  

66   Sorra (Nieva 2003)     ✓    ✓  

67   Steen (Steen 2019) ✓   ✓ ✓   ✓ ✓  

68   Koornneef (Koornneef 2009)     ✓    ✓  

69   Ouyang et al. (Ouyang et al. 2010)     ✓    ✓  

70 

  Beuzekom et al. (van Beuzekom et 

al. 2010)     ✓    ✓  

71 

  Kozuh et al. (Koiuh, Mavko, and 

Stefan 1995)      ✓ ✓  ✓  

72 

  Lee et al. (Lee, Sudom, and 

Zamorski 2013) ✓  ✓   ✓ ✓  ✓  

73 

 Shirali et al. (Gh.A. Shirali et al. 

2016) ✓    ✓    ✓  

74 

  Rae et al. (Rae, McDermid, and 

Alexander 2012)     ✓  ✓  ✓  

75 

  Oxstrand et al. (Oxstrand and 

Sylvander 2010) ✓        ✓  

76 

  Yazdani et al. (Yazdani, Otoo, and 

Jeffrey 2011) ✓          

77   Wiig (Macrae and Wiig 2019) ✓  ✓  ✓   ✓ ✓  

78 

  Akselsson et al. (Roland Akselsson 

et al. 2009) ✓        ✓ 

79 

  Bhamra et al. (Bhamra, Dani, and 

Burnard 2011) ✓        ✓  

80   Mohamed (Mohamed n.d.) ✓     ✓   ✓  

81   Hollnagel (Hollnagel 2010) ✓  ✓   ✓ ✓  ✓  

82 

  Zellars et al. (Zellars, Justice, and 

Beck 2011) 

 ✓

   ✓   ✓   ✓  ✓   

83   Reason et al. (Anon n.d.)         ✓   

84 

  Richter et al. (Richter and Koch 

2004)         ✓   

85   Rochlin (Rochlin 1996)         ✓  

86 

  Rubio-Romero et al. (Rubio-

Romero et al. 2019) ✓    ✓    ✓  

87   Wiegmann et al. (Anon n.d.)         ✓  

88   Pillay et al. (Pillay et al. 2010) ✓    ✓    ✓  

89   Wiegmann et al. (Anon n.d.)         ✓  

90   Cox et al. (Cox and Flin 1998)         ✓  

91   Sorensen (Sorensen 2002)         ✓  

92 

  Vinodkumar et al. (Vinodkumar 

and Bhasi 2010)     ✓   ✓ ✓  

93 

  Wilson Jr et al. (Wilson and Koehn 

2000)     ✓    ✓  

94   Liu et al. (Liu et al. 2018)     ✓    ✓  
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# 

 

Reference R P M B SC 

95   Geller (Scott n.d.)     ✓    ✓  

96   Scott et al. (Scott et al. 2003)         ✓  

97   Smith et al. (Smith and Roth 1991)     ✓    ✓  

98   Bandura (Bandura 1977)     ✓  ✓  ✓  

99 

  Annarelli et al. (Annarelli and 

Nonino 2016) ✓        ✓  

100   Klockner (Klockner 2018) ✓        ✓  

101   Sutcliffe (Sutcliffe 2011) ✓        ✓  

102 

  Mitropoulos et al. (Mitropoulos, 

Abdelhamid, and Howell 2005)  

✓ 

  ✓    ✓  ✓   ✓   

103 

  Williamson et al. (Williamson et al. 

1997)   ✓  ✓  ✓  ✓  

104 

  Choudhry et al. (Choudhry et al. 

2007) ✓  ✓  ✓  ✓  ✓  

105   Williams  (Williams 1997)      ✓      

106   Pecillo (Pęciłło 2016) ✓  ✓  ✓   ✓ ✓  

107   Clark (Clark 2018) ✓    ✓    ✓  

108 

 

 Cooper (Cooper Ph.D. 2000) 

✓ 

  ✓   ✓    ✓  ✓   

109 

 

 Trinh et al. (Trinh and Feng 2019) 

✓ 

  ✓   ✓   ✓   ✓   

110   Wood et al. (Wood et al. 2018) ✓ ✓  ✓  ✓  ✓  

111 

  Chen et al. (Chen, McCabe, and 

Hyatt 2018) ✓  ✓  ✓    ✓  

112   Rabbani et al. (Rabbani 2019) ✓    ✓    ✓  

113   Grote (Grote 2019) ✓    ✓    ✓  

114   Calabro et al. (Anon n.d.) ✓    ✓    ✓  

115 

  Smith et al. (Smith and Plunkett 

2019) ✓    ✓    ✓  

116   Newaz et al. (Newaz et al. 2019) ✓  ✓    ✓  ✓  

117   Zhou et al. (Zhou 2018) ✓  ✓  ✓  ✓  ✓  
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Appendix B 

Indicator 

# 

Constructs 

(SCG) Safety culture attribute (SCA) 

Constructs 

(SCG) Sub constructs 

1 P Sense of purpose P1 

Conceptual 

Orientation 

2 Strong core value P2 

3 Prevailing vocabulary P3 

4 Highly visible moral purpose P4 

5 Having Attitude P5 

Constructive 

Sensemaking 

6 Mindset P6 

7 Ingenuity to develop new skills P7 

8 Common language P8 

9 Situation specific interpretations P9 

10 B Disciplined creativity B1 Learned 

resourcefulness 11 Combine originality and initiative B2 

12 

Ability to follow different course of 

action B3 

Counterintuitive 

agility 

13 

Engaging in non-conforming 

repertoires B4 

14 

Have varied and complex action 

inventory B5 

15 Have diverse competitive actions B6 

16 

Development of useful practical 

habits B7 

Practical habits 

17 Develop habits of investigation B8 

18 Develop habits of collaboration B9 

19  Develop habit of flexibility B10 

20 Creating robust responses B11 

21 Ability to spot an opportunity B12 

Behavioural 

preparedness 

22 Developing new competencies B13 

23 Unlearning obsolete information B14 

24 Benefit from situations that emerge B15 

25 

M Respectful interactions within 

organization M1 

Deep social 

capital 
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26 Face to face honest interaction M2 

27 Disclosure oriented intimacy M3 

28 Exchanging resources M4 

29 Sharing tacit information M5 

30 Cross-functional collaboration M6 

31 Forging relationships M7 

Broad resource 

network 

32 

Relationships with strategic 

alliances M8 

33 

Bond with various environmental 

agents M9 

34 Promote organizational slack M10 

35 

Communicating without getting 

ignorant label M11 

Psychological 

safety 

36 

Communicating without getting 

incompetent label M12 

37 

Communicating without getting 

negative label M13 

38 

Communicating without getting 

time water label M14 

39 Sharing decision making M15 

Diffused power 

and 

accountability 

40 Creating organization structure M16 

41 

Members have discretion and 

responsibility M17 

42 Replying on self-organization M18 

P= Psychological capability, B=Behavioral capability, M=Managerial capability 
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Appendix C 
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Appendix D 

 

Construct 

Group # 

RSC constructs Total 

data 

1 Psychological capability  0.600 

2 Behavioural capability  0.596 

3 Managerial capability  0.584 

 
Total resilience level probability 

(RL) 

0.209 
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Appendix E 

 

 

INVITATION LETTER 

 

PhD Candidate 

Arun Garg  

School of Engineering and Built Environment, Griffith University 

Ph: +61 426968401                      

Email: arun.garg@griffithuni.edu.au 

 

Principal Supervisor 

Prof. Sherif Mohamed, Head of School 

School of Engineering and Built Environment, Griffith University 

Email: s.mohamed@griffith.edu.au     Ph: +61 (0)7 5552 8575 

   

Dear Participant, 

We are currently undertaking a research project entitled “Quantifying resilient safety 

culture using complex network theory” and would like to invite you to participate in a 

survey. The purpose of the survey is to investigate the relationship between various 

variables which define the resilient safety culture of an organization. 

I welcome your participation if you are either a front line worker, supervisor or any 

operational stakeholder in your organization. We would be very grateful if you could 

kindly spend about 10 to 15 minutes to complete the online/or hardcopy survey. Your 

responses will be treated as STRICTLY CONFIDENTIAL. The provided information 

will be used for academic purposes only. 

This project has received ethical approval from the Griffith University Human Research 

Ethics Committee (GU ref no: 2019/261). You may discuss your participation in this 

research with us or my supervisor Prof. Sherif Mohamed. Thank you very much for 

your participation in the survey 

. 

Best Regards, 

Arun Garg  

PhD candidate  
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PARTICIPANT INFORMATION SHEET 

 

Why is the research being conducted? 

The aim of the current study is to investigate the relationship(s) between various 

variables which represent the resilient safety culture of an organization. 

Your participation is voluntary 

Your participation in this project is completely voluntary. You are free to withdraw 

your consent at any time during the project without comment or penalty. Your decision 

not to participate in this survey will not impact your relationship with your organization 

in anyway. 

Participant selection and/or screening 

We welcome your participation if you are either front line worker, supervisor or 

management which deals with operations of the company and who is a good conversant 

in English language so they can understand the survey well. 

What you will be asked to do 

Your participation will involve completing a brief online survey/ or hardcopy 

containing statements related to resilient safety culture in your organization. Completing 

the survey will take approximately 10 to 15 minutes. 

The expected benefits of the research 

It is expected that this research will provide valuable information about which variables 

in your organization which define resilient safety culture in your organization is strong 

and which are weak and which are not even present in your organization. This research 

results will be presented in a thesis and can also be used in publishing journal and 

conference proceedings. 

Your confidentiality 

The information you provide will be treated confidentially and all comments and 

responses are anonymous. Participants will not be able to withdraw once they have 

submitted their survey as it will not be possible to identify individual responses.  Please 

do not put your name on the questionnaire. Participants’ data will not be identifiable in 

any publication or reporting. As required by Griffith University, all research data 

(survey responses and analysis) will be stored in locked cabinets in a locked office at 

Griffith University or retained in a password protected electronic file at Griffith 

University for a minimum period of five years before being destroyed. The Chief 

Investigators will have control of access to the data, and only members of the research 

team with have access to the data.  

 

Your risk 

There are no foreseeable risks associated with participation in this research. The 

organizations will not be passing any personal contact information or names to the 

researchers who agree to participate in this survey. 

Consent to participate 

Completion and submission of the survey will be accepted as informed consent to 

participate.  

 

Questions / further information about the project 
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Please contact the research team members shown in the starting of this invitation letter 

if you have any questions or require further information about the project. 

 

Feedback to you and the company 

No automatic feedback will be given to you about the results of this study. However, if 

you participate and wish to receive a summary of the research results once the study has 

been completed, you can email the research team members. The information or results 

will be shared with the company if they wish to enable them to understand safety 

culture. 

  

The ethical conduct of the project 

Griffith University conducts research in accordance with the National Statement on 

Ethical Conduct in Human Research.  If you do have any concerns or complaints about 

the ethical conduct of the project you may contact the Manager, Research Ethics on +61 

(0)7 3735 4375 or research-ethics@griffith.edu.au. This project has received ethical 

approval from the Griffith University Human Research Ethics Committee (GU ref no: 

2019/261). 

 

SURVEY 

Demographic data 

(Please don’t need to write individual names) 

 

i. Company Name: ________________________  

ii. Location: (Remote / Urban) (tick mark one according to location) 

iii. Position: ________________________ (Ex: Worker, supervisor, engineer, 

management)- tick mark or write in the space 

iv. How much experience in this position in years? _____________ 

v. What is your education level? High school, Diploma, Bachelors, Masters, PhD 

(Circle or tick mark) 

vi. What is your gender? Male, Female (Circle or tick mark) 

Importance 

For all the statements listed , could you please rate each statement (questions 1 to 

42) in the context of how important this particular statement is currently practised 

by your organisation?   

Please use the following rating scale:  

 

Not  

Important 

Somewhat 

important 

Important Very  

Important 

Extremely 

Important 

Not 

applicable 
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1 2 3 4 5 N/A 

 

A) Psychological / cognitive capabilities (just culture) 

 

No

.  

Statement:  My organisation has Your 

score 

1 Strong sense of purpose and genuine vision for the organization   

2 Strong core values coupled with sense of purpose and identity    

3 Capability, influence, competence and clear sense of direction  

4 Highly visible moral purpose that enables to motivate employees  

5 Attitude that balances the contradictory forces of confidence and expertise 

against scepticism, caution and search for new information 

 

6 Solid grasp on reality and a relentless desire to question fundamental 

assumptions 

 

7  Ingenuity and look for opportunities to develop new skills   

8 Common language such as images or stories to construct meaning, describe 

situations and imply both understanding and emotion in the organization 

 

9 Ability to focuses on situation specific interpretations and judgements instead 

of programmed explanations 

 

 

B) Behavioural capabilities (reporting cultures) 

No

.  

Statement:  My organisation has Your 

score 

10 Disciplined creativity to devise unconventional responses to unprecedented 

challenges 

 

11 Ability to combine originality and initiative to capitalize on an immediate 

situation 

 

12 Ability to follow a dramatically different course of action from that which is 

the norm 

 

13 Ability to engage in non-forming industry norms rather than simple strategic 

repertoires 

 

14 Complex and varied action inventory that enables employees to follow a 

dramatically different course of action from what is the norm   
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15 Ability to perform competitive actions available to adopt unexpected and 

timely responses to market shifts   

 

16 Ability to rely on the development of useful, practical habits that provide the 

first response to any unexpected threat   

 

17 Values that lead to habits of investigation rather than assumption    

18 Values that lead to routines of collaboration rather than antagonism   

19 Values which lead to traditions of flexibility rather than rigidity  

20 Habits which intuitively behave in ways that open the system and create robust 

responses   

 

21 Ability to spot an opportunity and take action before they are needed to ensure 

that they can benefit from situation that emerge   

 

22 Ability to discard behaviours which constrain an organization because the 

organization has the abilities to develop new competencies when needed   

 

23 Ability to deliberately unlearn obsolete information   

24 Ability to spot an opportunity as compared to other organizations   

 

C) Managerial/ contextual capabilities (flexible and learning cultures) 

No

.  

Statement:  My organisation has Your 

score 

25 Respectful interactions between the employees  

26 Face to face interactions rooted in trust, honesty and self-respect  

27 Informed and disclosure-oriented intimacy  

28 Ability to exchanging resources as they recognize interdependence is the key  

29 Employees with orientation and are able to share tacit information  

30 Cross functional collaboration  

31 Employees forging relationships with others who can share key resources  

32 Employees using relationships with supplier contacts and strategic alliances to 

secure needed resources to support adaptive initiatives 

 

33 Ability to maintain bonds with various environmental agents and therefore 

reinforcing social capital beyond the firm’s boundaries 

 

34 Ability to promote organizational slack  

35 Ability to perceive their work environment as being conductive to take the risk 

of being ignorant by asking questions or seeking information 
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36 Ability to perceive their work environment as being conducive to taking the 

risk of being seen as incompetent as a result of asking for help, admitting 

mistakes or experimenting 

 

37 Ability to perceive their work environment as being conducive to taking the 

risk of being seen as negative when offering critical feedback 

 

38 Ability to perceive their work environment as being conducive to taking the 

risk of failure to seek feedback for fear of imposing on someone’s time or 

goodwill 

 

39 Ability to rely on self-organisation and individual and group accountability  

40 Ability to create organizational structures that are designed to learn and to 

change their behaviours based on new insights and information 

 

41 Members having both the discretion and responsibility to ensure attainment of 

organizational interests 

 

42 Ability to do sharing decision-making widely  

 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

+++++++++ 

Likelihood of occurrence 

Using the following scale: 

For all the statements listed  (questions 1 to 42), could you please rate each statement 

in the context of how much is likelihood of occurrence for the particular statement 

in your organisation. That means what is the frequency by which this is implemented 

in your organization as you see it.   

Please use the following rating scale:  

Very Low Low Medium High Very High Not 

applicable 

VL L M H VH N/A 

 

 

A) Psychological / cognitive capabilities (just culture) 
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No

.  

Statement:  My organisation has Your 

score 

1 Strong sense of purpose and genuine vision for the organization   

2 Strong core values coupled with sense of purpose and identity    

3 Capability, influence, competence and clear sense of direction  

4 Highly visible moral purpose that enables to motivate employees  

5 Attitude that balances the contradictory forces of confidence and expertise 

against scepticism, caution and search for new information 

 

6 Solid grasp on reality and a relentless desire to question fundamental 

assumptions 

 

7  Ingenuity and look for opportunities to develop new skills   

8 Common language such as images or stories to construct meaning, describe 

situations and imply both understanding and emotion in the organization 

 

9 Ability to focuses on situation specific interpretations and judgements instead 

of programmed explanations 

 

 

B) Behavioural capabilities (reporting cultures) 

No

.  

Statement:  My organisation has Your 

score 

10 Disciplined creativity to devise unconventional responses to unprecedented 

challenges 

 

11 Ability to combine originality and initiative to capitalize on an immediate 

situation 

 

12 Ability to follow a dramatically different course of action from that which is 

the norm 

 

13 Ability to engage in non-forming industry norms rather than simple strategic 

repertoires 

 

14 Complex and varied action inventory that enables employees to follow a 

dramatically different course of action from what is the norm   

 

15 Ability to perform competitive actions available to adopt unexpected and 

timely responses to market shifts   

 

16 Ability to rely on the development of useful, practical habits that provide the 

first response to any unexpected threat   
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17 Values that lead to habits of investigation rather than assumption    

18 Values that lead to routines of collaboration rather than antagonism   

19 Values which lead to traditions of flexibility rather than rigidity  

20 Habits which intuitively behave in ways that open the system and create robust 

responses   

 

21 Ability to spot an opportunity and take action before they are needed to ensure 

that they can benefit from situation that emerge   

 

22 Ability to discard behaviours which constrain an organization because the 

organization has the abilities to develop new competencies when needed   

 

23 Ability to deliberately unlearn obsolete information   

24 Ability to spot an opportunity as compared to other organizations   

 

C) Managerial/ contextual capabilities (flexible and learning cultures) 

No

.  

Statement:  My organisation has Your 

score 

25 Respectful interactions between the employees  

26 Face to face interactions rooted in trust, honesty and self-respect  

27 Informed and disclosure-oriented intimacy  

28 Ability to exchanging resources as they recognize interdependence is the key  

29 Employees with orientation and are able to share tacit information  

30 Cross functional collaboration  

31 Employees forging relationships with others who can share key resources  

32 Employees using relationships with supplier contacts and strategic alliances to 

secure needed resources to support adaptive initiatives 

 

33 Ability to maintain bonds with various environmental agents and therefore 

reinforcing social capital beyond the firm’s boundaries 

 

34 Ability to promote organizational slack  

35 Ability to perceive their work environment as being conductive to take the risk 

of being ignorant by asking questions or seeking information 

 

36 Ability to perceive their work environment as being conducive to taking the 

risk of being seen as incompetent as a result of asking for help, admitting 

mistakes or experimenting 
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37 Ability to perceive their work environment as being conducive to taking the 

risk of being seen as negative when offering critical feedback 

 

38 Ability to perceive their work environment as being conducive to taking the 

risk of failure to seek feedback for fear of imposing on someone’s time or 

goodwill 

 

39 Ability to rely on self-organisation and individual and group accountability  

40 Ability to create organizational structures that are designed to learn and to 

change their behaviours based on new insights and information 

 

41 Members having both the discretion and responsibility to ensure attainment of 

organizational interests 

 

42 Ability to do sharing decision-making widely  
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Appendix F 

Construct 

Node # 
Construct 

Indicator 

Node # 
Indicators 

Sub 

Construct 

Node # 

Sub constructs 

N53 P 

N1 Sense of purpose 

N43 
Conceptual 

Orientation 

N2 Strong core value 

N3 Prevailing vocabulary 

N4 Highly visible moral purpose 

N5 Having Attitude 

N44 
Constructive 

Sensemaking 

N6 Mindset 

N7 Ingenuity to develop new skills 

N8 Common language 

N9 Situation specific interpretations 

 

 

 

 

 

 

 

 

 

 

N54 

 

 

 

 

 

 

 

 

 

 

B 

N10 Disciplined creativity 

N45 
Learned 

resourcefulness N11 
Combine originality and 

initiative 

N12 
Ability to follow different course 

of action 

N46 
Counterintuitive 

agility 

N13 
Engaging in non-conforming 

repertoires 

N14 
Have varied and complex action 

inventory 

N15 Have diverse competitive actions 

N16 
Development of useful practical 

habits 

N47 Practical habits 

N17 Develop habits of investigation 

N18 Develop habits of collaboration 

N19 Develop habit of flexibility 

N20 Creating robust responses 

N21 Ability to spot an opportunity 

N48 
Behavioural 

preparedness 

N22 Developing new competencies 

N23 Unlearning obsolete information 

N24 
Benefit from situations that 

emerge 

N55 M 

N25 
Respectful interactions within 

organization 

N49 
Deep social 

capital 

N26 Face to face honest interaction 

N27 Disclosure oriented intimacy 

N28 Exchanging resources 

N29 Sharing tacit information 

N30 Cross-functional collaboration 

N31 Forging relationships 

N50 
Broad resource 

network 

N32 
Relationships with strategic 

alliances 

N33 
Bond with various environmental 

agents 

N34 Promote organizational slack 

N35 
Communicating without getting 

ignorant label 
N51 

Psychological 

safety 
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N36 
Communicating without getting 

incompetent label 

N37 
Communicating without getting 

negative label 

N38 
Communicating without getting 

time water label 

N39 Sharing decision making 

N52 

Diffused power 

and 

accountability 

N40 Creating organization structure 

N41 
Members have discretion and 

responsibility 

N42 Replying on self-organization 

 




