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Abstract 
 
Significant progress has been made in the direction of “engineering out” technological 

causes of accidents that have characterised the technology age. Inherently safer 

designs have introduced several ‘layers of protection’ (LOP) or ‘lines of defence’ (LOD) 

focused on reducing or eliminating technological causes of accidents. It is arguable 

that human and organisational factors are significant factors behind the majority of 

the major accidents seen in the process industry today. The main aim of this PhD 

thesis is to develop a new Human Reliability Assessment (HRA) tool for the analysis of 

major accidents in the oil and gas industry. This tool will help oil and gas industry 

accident investigators make sense of accident reports and proffer appropriate remedial 

action that will stop or reduce reoccurrences. It will also help both employees and 

employers, policy decision-makers and regulatory agencies to learn lessons which in 

turn will result in potential cost and time savings. It has investigated all the aspects of 

human factors (HFs), human errors (HEs) and performance influencing factors (PIFs) 

related to major accidents in the in the oil and gas industries and proposed an 

integrated process safety management system (IPSMS) model. 

 

The research adopted sequential explanatory and exploratory mixed methods. Each 

research output began with a review of academic literature and published reports. 

Major accident reports published by The International Association of Oil & Gas 

Producers (IOGP), Health and Safety Executive (HSE), World Offshore Accident 

Database (WOAD), the Process Safety Incident Database (PSID) and the U.S. Chemical 

Safety Board (CSB) were used for this research. Quantitative data was also collected 

for internal and external validation of the newly developed Human Reliability 

Assessment (HRA) tool. SPSS version 25 and case studies were used for statistical and 

case study analysis respectively, to show the internal validation of the tool or the 

developed approach. 

 

In identifying and describing the different causal factors in 11 reviewed case study 

accidents, 54 categories of occurrences were identified with the HFACS, but a total of 

80 were identified with HFACS-OGI. All industry specific categories which were difficult 

to identify with the HFACS were successfully identified using the HFACS-OGI. Whilst 

TRACEr proved to be flexible and adaptable for the oil and gas industry, it proved 

difficult to use for coding equipment failures. However, TRACEr-OGI was not only able 
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to identify human errors aligned to job context, organisational/facility context and 

operator context, it was also able to capture equipment error. 

 

Numerous process safety management systems (PSM) and frameworks exist. 

However, no single management system is sufficient in addressing all human factor 

elements as outlined in HFACS. Consequently, this PhD thesis has identified the 

missing human factors in the current system and proposed an integrated process 

safety management system (IPSMS) model. Finally, a risk-culture-based 

implementation strategy was developed for this model, with recommendations on how 

to incorporate inherent safety culture and implement a Process Safety Management 

System in the process industry in a structured way, evolved from the various studies.  

 

With the new knowledge and innovative models developed in this PhD project, accident 

investigators and decision makers are expected to gain a better understanding of 

human factors (HFs), human errors (HEs) and performance influencing factors (PIFs), 

as well as process safety management systems in the oil and gas industry. This PhD 

thesis is a synthesis of theories and concepts about accident causation, a mixture of 

qualitative and quantitative accident analysis and accident analysis initiatives.  
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Human 
Reliability 
Analysis 

- A method used to evaluate whether system-required human 
actions, tasks, or jobs will be completed successfully within a 
required time period.  

 
 

Incident  - An unplanned, unexpected event which has the potential to 
lead to an accident although may not do so. 

 
Initiating 
Event 

- The event that initiates the scenario leading to the undesired 
consequence. 

 
Layer Of 
Protection 
Analysis 
(LOPA) 

- A process (method, system) of evaluating the effectiveness 
of independent protection layer(s) in reducing the likelihood 
or severity of an undesirable event. 

 
Mitigation - Reducing the risk of an accident event sequence by taking 

protective measures to reduce the likelihood of occurrence of 
the event, and/or reduce the magnitude of the event and/or 
minimize the exposure of people or property to the event. 

 
Mitigation 
Event 
 

- Equipment and/or procedures designed to respond to an 
accident event sequence by hindering accident propagation 
and/or reducing the accident consequences. 

 
Operator - An individual responsible for monitoring, controlling, and 

performing tasks as necessary to accomplish the productive 
activities of a system.  

 
Performance 
Influencing 
OR  Shaping 
 Factors  
  

- Any factor that influences human performance. It may be 
external (heat, stress, etc.) or internal to the person 
(religious beliefs, education, personality, skills) and factors 
in the work situation (task demand, plant policy, plant 
design, training, etc.) 

 
Process 
Safety 

- A discipline that focuses on the prevention and mitigation of 
fires, Explosions, and accidental chemical releases at process 
facilities. 

 
Process 
Safety 
Management 

- A program or activity involving the application of 
management principles and analytical techniques to ensure 
the safety of chemical process facilities. 

 
  
Recovery 
Factors 

- Factors that limit or prevent the undesirable consequences of 
a human error. 

 
Risk - The quantitative or qualitative expression of possible loss 

that considers both the probability that a hazard will cause 
harm and the consequences of that event. 

 
Root Causes - Management system failures such as faulty design, 

inadequate training, etc. that lead to the unsafe acts or 
conditions that resulted in an incident. 
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Safety - The expectation that a system does not, under defined 

conditions, lead to a state in which human life, economics or 
environment are endangered. 

 
Safety Culture - It may be described as a product of the individual and group 

values, attitudes, competencies and patterns of behaviour 
that determine the commitment to, and the style and 
proficiency of an organisations health and safety 
programmes 

 
Safety 
Management 
System (SMS) 

- Management of Safety to promote a strong Safety Culture 
and achieve high standards of safety performance. 
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Chapter One 
 

 Introduction 
 
This study seeks to develop Integrated Human Reliability Assessment 

Methods the oil and gas industry. To set the scene for the study, chapter one 

explored the evolution of a prevention culture and examined the development 

of human reliability assessment in other high risk industry. This chapter 

provides an overview of the research problem, research questions and 

operationalises these questions into short objectives. Finally, this chapter 

presents the structure of the Critical Overview Document (COD).    

 
 

1.1 Background 
 
The high rate of occupational accidents, injuries, diseases and fatalities that 

characterised the Industrial Age (the 1800s) (Cacha 1999) declined remarkably 

with the introduction of better engineering designs such as better controls, 

machinery processes, adherence to regulations, regular inspections and the use 

of appropriate personal protective equipment (Kim, Park and Park 2016; Hale and 

Hovden 1998). Safety in the technical age was concerned with the technical 

measures to guard machinery, stop explosions and prevent structures from 

collapsing simply by matching the individual to the technology (Hale and Hovden 

1998). During this era, there was no “management system” other than the owner 

of an enterprise handling tasks such as planning, resource allocation, controlling, 

coordination and rewarding. The growing frustration with the health and safety 

idea of simply matching the individual to the technology and the increasing 

realisation that technical risk assessments and prevention measures could not 

solve all health and safety problems ushered in research related to human errors, 

human factors and performance influencing factors.  A major “shift in concern for 

the human in a technological context occurred during the American Civil War” 

(Meister 2018: 147). However, the efforts at that time were to fit the man to the 

machine, but no efforts were made to design the machine to fit the characteristic 

of the human (Meister 2018). Although contributions of human factors to accidents 

were not fully captured during this age, it set the stage for the organisational age 

(Figure 1.1). The shift in understanding the influences of better engineering design 

and safety from technological to organisational factors led to improvements in 

systems safety and decreased the incidence of occupational accidents (OHSMS et 
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al. 2001). The Organisational age saw the introduction of safety management 

systems which further decreased the incidence of occupational accidents, injuries, 

diseases and fatalities. Human factors and human errors emerged as an 

identifiable field of study around the 1970s (Glendon and Clarke 2015). The 

achievements of that period include the works of  Hale and Glendon (1987), 

Petersen (1989), Reason (1990) and  Glendon and McKenna (1995). Later, the 

impact of organisational safety policies, safety culture, risk identification and 

control were considered by companies and this further reduced the incidence of 

occupational accidents (Milczarek and Najmiec 2004; Kim, Park and Park 2016; 

Fennell 2017). 

 

 

 

 

 

 

 

 

 

 

 

      

           

Figure 1. 1. Evolution to a prevention culture (adapted from Kim, Park, and 
Park 2016; Prado and Jasper 2015). 

 

During the technical age, efforts to reduce the likelihood of incidents 

were traditionally concentrated on technology and operations management. 

However, evidence emerged that technologies such as automation and 

computerisation that should have reduced human errors by reducing human 

involvement have sometimes caused accidents because of problems with their 

design, their impact on the operator and the workflow (Karsh 2004), leading 

to an increased knowledge of human and organisational factors. This 

increased awareness of prevention measures that recognise human and 

organisational factors as major contributors to operational safety and the 

optimisation of process system performance in high-risk industry led to 

advancement in human factors engineering (Karsh 2004). Gradually, what 
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could be termed holistic safety (Figure 1.2) emerged, concerned with an 

understanding of human capabilities. This awareness was then applied to the 

design of technologies that were usable (easy to use) and useful (improving 

job performance, efficiency, and/or quality), equipment, tools, systems and 

processes of work, without leading to prevalent organisational defects. 

 

 

 

 

 

 

 
 

 

Figure 1. 2. Illustration of Holistic Safety (capturing technical, human and 
organisational factors in safety) adapted from ARPANSA (2017) 

 
 Plants in the technical age were designed to reduce harm and risk by 

simply adding protective equipment and following safe methods of working 

without attempting to eliminate the sources of the harm. Kletz, Amyotte and 

Amyotte (2010) defined a hazard as “a situation that can lead to harm”. Risk 

is the product of the probability that the harm will occur and the consequence 

of the occurence.  Trevor Kletz in the late 1970s promulgated the concept of 

inherent safety based on common sense, which is to “remove or reduce the 

hazards” (Kletz Amyotte and Amyotte 2010). AIChE later defined inherent 

safety as “a concept, an approach to safety that focuses on eliminating or 

reducing the hazards associated with a set of conditions (AIChE 2009)”. This 

priciple is today applied to technological design processes as inherently safer 

technology (IST), or inherently safer design (ISD) (CCPS 2010: 1), to 

eliminate or reduce hazards and to avoid or reduce the consequences of 

incidents. 

 

Process risk is measured in terms of likelihood and consequences of the 

occurrence of an incident. Whereas  inherently safer design is commonly 

perceived to focus solely on reducing or eliminating the consequences, ‘layer 

of protection’ (LOP) or ‘lines of defence’ (LOD) is considered a form of  

inherently safer design (ISD) which reduces the likelihood of the initiating 

event  leading to an incident (Franks 2017). Layer of Protection (Figure 1.3 

Technology 

Holistic 
Safety 
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A) is used to ensure that process risk events leading to an incident are 

successfully prevented and that consequences resulting from any eventual 

incident are mitigated to an acceptable level. Figure 1.3 B shows that these 

LOPs / LODs barriers can be human or hardware, for example, inherent safety 

devices, computer-based systems, safety-critical systems (SCS) and safety 

instrumented systems (SIS) and Technology (for example, information 

technology). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Generic arrangement of layer of protection’ (LOP) or ‘lines of 
defence’ (LOD) as part of inherently safer design 

 
 

 

 Generic arrangement of hardware and human control barriers and 
recovery measures 
 

Figure 1. 3. Generic arrangement of control barriers and recovery measures 
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1.2 Research Context and Justification 
 

Significant advancements have been made in the direction of 

“engineering out” technological causes of accidents seen in the technology 

age (Figure1.1) (Lee and Harrison 2000). The hardware or technology aspects 

of control and recovery measures (Figure 1. 3 B) have advanced considerably.  

It is now arguable that human and organisational factors are behind the 

majority of the remaining major accidents seen in the process industry (Figure 

1.3 A and Figure 1.3 B) (Lee and Harrison 2000; Rollenhagen 2010). As a 

result, the concepts of ‘human factor’ (HF), ‘human error’  (HE), ‘performance 

influencing factors’ (PIF), ‘process safety management system’ (PSMS) and 

‘process safety culture’ (PSC) have evolved as a way of formulating and 

addressing these current foci (Kariuki and Löwe 2007; Manca and Brambilla 

2012). 

 

Notable accidents seen in the process industry include the Bhopal toxic 

release (1984) that resulted in over 2,500 fatalities and over 200,000 injuries; 

Ocean Ranger (1982) with 84 fatalities; Piper Alpha (1988) with 167 fatalities 

and Glomar Java Sea (1983) with 81 fatalities. These have all been 

investigated and found to be a result of both direct and indirect human and  

organisational failings (Singh et al. 2010; Mishra 2015; Pate-Cornell 1993; 

Gordon 1998).  The accident model by the Disaster Management Institute 

(2010) shown in Figure 1.4 B below, traced the root causes of different 

accidents to human and organisational factors. It shows a schematic pathway 

from performance influencing factors (PIF), human factors (HF) and latent 

error (LE) leading to a likely adverse incident. Firstly, performance influencing 

factors influence jobs, organisations and personnel factors. Secondly, human 

factors that originate from top-level decisions proceed to unsafe acts 

committed by operators at the human-technology interface. Finally, latent 

error through an unsafe plant or conditions leads to an incident. Failure to 

recover from the incident leads to an accident and failure to mitigate 

determines the level of consequence resulting from the accident. Most human 

factors and human error investigation tools for most process industry sectors 

seek to break these causal sequences or reduce the influence of these 

contributors.  
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As the knowledge of management systems progressed (Figure 1.1), the 

concept of process safety management (PSM) practices was first considered 

in the 1970s, when company management began to introduce operational risk 

management, management of change, operating procedures and 

maintenance (Cummings 2009). It was focused towards the application of 

diverse practices to control the rate and extent of incidents involving 

hazardous chemicals and toxic substances release, structural collapse, as well 

as fires and explosions (Shimada, Kitajima and Takeda 2009; Knegtering and 

Pasman 2009a).   This first model was the robust Responsible Care Process 

Safety Code (RCPSC) in 1984 (GPCA 2011). Later, the European Communities 

Seveso Directive (82/501/EEC) was implemented to curb the consequences 

of major accidents on both people and the environment; the Control of 

Industrial Major Accident Hazards (CIMAH) Regulations were enacted (1984)  

(Cassidy 2013). OSHA released the Federal Registry (55FR 29150) standard 

named the Process Safety Management of Highly Hazardous Chemicals on 

July 17, 1990 (U.S. Department of Labor 2000) to help combat accidents 

resulting from highly hazardous chemicals. The Control of Major Accident 

Hazards (COMAH) Regulations 1999 was also enacted to aid in the reduction 

of process safety accidents in the UK (UKHSE 2015). Other notable process 

safety management (PSM) models include the US EPA Risk Management Plan 

(RMP) Rule, the AIChE/CCPS Risk Based Process Safety (RBPS) Model, the 

Energy Institute High-Level PSM Framework, the DuPont Operational Risk 

Management (ORM) Model and the ILO PSM Framework. Today, process 

safety management (PSM) and human factors have become key factors in 

preventing exposure to both hazardous materials and major accidents in the 

process industry. However, Bridges, Tew and Lane (2010) argued that current 

PSM frameworks do not adequately address human factors elements. Moore 

et al. (2015) suggested that a key reason for this is the lack of a robust PSM 

system which integrates elements from every other PSM framework.  

1.3 The Research Problem 
 

Human Reliability Assessment (HRA) “involves the use of qualitative 

and quantitative methods to assess the human contribution to risk (Bell and 

Holroyd 2009).” Research is now geared towards human factor, human error, 
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 the effects of performance influencing factors (PIFs) and how PIFs influence 

the propagation of undesired occurrences in the processing industries (See 

points 1, 2, 3 and 4 in the circle in Figures 1.4A and 1.4B). Other current 

research areas are process safety culture and balanced organisational safety 

management strategies that are focused primarily on attitude and behaviour 

changes. This does not imply inherent safety design gains and the need for 

continuous improvements  are neglected. Numerous generic HRA tools have 

been developed and some high risk industries have developed ‘bespoke’ HRA 

methods (Bell and Holroyd 2009). Notable examples of these ‘bespoke’ tools 

include the Human Factors Investigation Tool (HFIT) for Accident Analysis 

(Gordon et al. 2005), the Technique for Human Error Rate Prediction (THERP) 

(Boring 2012), the Cognitive Reliability Error Analysis Method (CREAM) 

(Hollnagel 1998), Human Factors Analysis And Classification System (HFACS) 

(Shappell and Wiegman 2003), the Predictive Analysis of Cognitive Errors 

(TRACEr) (Shorrock 2005; Shorrock and Kirwan 2002a) and many more. 

While there are ‘bespoke’ HRA tools for most process industry sectors, there 

are hardly any comprehensive, critical and robust tools designed precisely for 

the oil and gas industry. The Human Factors Analysis and Classification 

System (HFACS) and the Technique for Retrospective and Predictive Analysis 

of Cognitive Errors (TRACEr) developed for the aviation industry, are not 

sufficiently suitable for the oil and gas industry as presently constituted. HSE 

reviewed HRA tools and identified 72 tools (generics, bespoke, 1st, 2nd, and 

3rd generation) mainly developed for the nuclear and aviation industries 

(none for the oil and gas industry). Human Reliability Assessment tools used 

in the oil and gas industry have remained generic, 1st generation tools: 

Hazard Operability (HAZOP) Fault tree analysis (FTA), Event Tree Analysis 

(ETA) and Hazards and Effects Management Process (HEMP). These were 

developed for the nuclear industry during the technical age and are mainly 

used for process hazard assessment. They are not very robust for assessing 

emerging complex qualitative and quantitative risks involved in the complex, 

ultra-deep frontier the industry has moved into. The core problem addressed 

by this thesis is twofold: a) assessing current ‘bespoke’ Human Reliability 

Assessment (HRA) tools used in the aviation industry for suitability in the oil 

and gas industry and b) adapting this method to make them suitable for the 

oil and gas industry. 
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Figure 1. 4. Linking journal outputs included in the portfolio under a common theme. 

Numbers in circles indicate areas this research is focussed on. 
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1.4 Research questions 
 

In addressing the above research problem, an attempt was made to provide 

answers to the following pertinent research questions:  

I. How suitable for the oil and gas industry are the current human factor 

analysis and classification system (HFACS) frameworks developed for 

the aviation industry? 

II. How suitable for the oil and gas industry is the current  Technique for 

Retrospective and Predictive Analysis of Cognitive Errors (TRACEr) 

developed for the aviation industry? 

III. What are the most common Human Factors (HFs) and Performance 

Influencing Factors (PIFs) contributing to major accidents in the 

process industry? 

IV. Is it possible to develop a robust process safety management (PSM) 

system that integrates the missing human factor (HF) in the current 

management systems? 

1.5   Aim and Objectives 
 

The aim of the proposed study is to enhance existing Human Reliability 

Assessment (HRA) tools for the analysis of major accidents in the oil and 

gas industry. HRA tools specifically developed for the oil and gas industry 

will help accident investigators in the industry to make better sense of 

accident reports, proffer appropriate corrective measures to stop or reduces 

reoccurrence and save lives. It will also help oil and gas industry workers, 

policy decision-makers and regulatory agencies learn lessons which in turn 

will result in potential cost and time savings. The following objectives have 

been set to achieve this aim: 

 

I. To develop a human factor analysis and classification system 

(HFACS) framework for the oil and gas industry (HFACS-OGI). 

II. To develop a Technique for Retrospective and Predictive Analysis 

of Cognitive Errors for the Oil and Gas Industry (TRACEr-OGI). 
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III. To analyse the most common Human Factors (HFs) and 

Performance Influencing Factors (PIFs) in oil and gas industry 

accidents. 

IV. To develop a robust process safety management (PSM) system 

that integrates human factor (HF) contributions to the current 

management systems. 

1.6 Structure of the Critical Overview Document 
(COD) 

 

This study seeks to develop Integrated Human Reliability Assessment 

Methods for Accident Investigation in the process industry with special 

consideration to the Oil and Gas Industry. This critical overview document 

(COD) comprises a coherent body of research publications which 

demonstrate personal and academic development around the analysis of 

performance influencing factors, human factors and human error 

contribution in accidents and the integration of human factor into process 

safety management system. It explores accident causation and provides 

sector-specific investigation models for the analysis of human and 

organisational factor contributions to accidents in the oil and gas industry.  

 

This PhD critical overview document (COD) has two parts: Part I-Main COD 

report and Part II – Articles. To ensure clarity, in terms of what is covered 

in each part, brief explanations of the part are explained as follows: 

 
Part I-Main COD report  

This part of the COD, which is divided into five chapters, presents a critical 

overview that links the outputs in the portfolio, as demonstrated in Figure 

1.4 above. It is a chronological description tracing the development of the 

portfolio of evidence.  

Chapter one sets the scene for the COD. It presents the research 

background and context. It then proceeds to discuss the research problem 

and question. Finally, the aim and objectives of the COD are briefly 

summarised. 

Chapter two gives an overview of literature on knowledge and theories 

relating human factor and human reliability assessment. This chapter is 

mainly a review of accident causation models, Human Factors (HFs), Human 
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Errors (HEs) and Performance Influencing Factors (PIFs) in process 

accidents. Chapter two also examines the problem of missing human factors 

in current process safety management system and examines the 

Integration of human factors (HF) into the process safety management 

system (PSM).  

Chapter three provides a detailed exploration of the research design, the 

method used for data collection and subsequent analysis.  

Chapter four provides a systematic and exhaustive analysis of the data 

collected aligning the results/outcome of the study to the set questions and 

objectives.  

Finally, chapter five elucidate the study set objectives and what was 

achieved in short conclusions.  Subsequently, recommendations were 

proposed for both academia and the health and safety industry. 

 

 

Part II -Articles  

This section consists of the main work and key contributions of the PhD 

including five journal papers published during the PhD project.  Please refer 

to appendix B for a list of five selected publications used as the basis for 

this portfolio. 

 

The journal articles (Outputs 1 to 5) included in the portfolio were designed 

to address each of the set objectives aligned with the coherent theme 

above.  The portfolio is clear evidence of sustained independent effort, the 

exercise of critical analysis powers and a demonstration of a clear 

connection between the research outputs.  Outputs 1 to 4 focused on the 

Human factors age (1970s - 2000s) with a view to developing a new Human 

Reliability Assessment (HRA) tool for the analysis of human errors, human 

factors, and performance influencing factors leading to major accidents in 

the oil and gas industry (Figure 4). Output 5 focussed on the missing human 

error element in existing Management Systems as safety transitioned from 

the Organisational age (1960s - 1970s) to the Human Factors age (1970s - 

2000s). 

 

Output 1Output 1 introduces the application of Analytic Hierarchy Process 

AHP (a multi-criteria decision-making method) to examine PIFs which most 
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influence the propagation of accidents in hydrocarbon processing industries 

with an illustrative case study. Output 1 deals with the development of a 

framework for identifying the most influential PIFs in a high risk industry. 

This framework considers the mutual influences that exist among the PSFs 

and how to assess their relative importance, considering their interactions 

in a specific context in influencing an operator’s performance. Furthermore, 

the proposed framework allows for quantifying the influence of PIFs. 

 

 

Output 2 and Output 4 

Output 2 introduces HFACS-OGI, a version of HFACS for the oil and gas 

industry, while Output 4 introduces TRACEr-OGI, a version of TRACEr for 

the oil and gas industry. 

 

Output 3 

In Output 4, HFACS was used to code upstream petroleum industry 

accidents in South and Central America from 2000 to 2014. It highlights the 

benefits of analysing an accident and incident database to extract 

information about human factors and latent errors leading to incidents in 

the oil and gas sector, to provide the decision maker with a reliable 

visualisation of the problem and decision-related opportunities.  

 

Output 5  

The concept of Continuous improvement means there is a clear need to 

integrate human factors elements and existing frameworks into a single, 

integrated process safety management system to ensure a holistic approach 

to control. To this end, Output 5, based on Shappell and Wiegmann’s 

Human Factors Analysis and Classification System (HFACS) (Shappell and 

Wiegman 2003), identified the missing human  factors elements in  current 

management systems  and  proposed  an  integrated process  safety 

management system (IPSMS)  model, adopting the PLAN, DO, CHECK and 

ACT framework for its implementation. 
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Chapter Two 
  

Literature Review 
 
 
The chapter reviews theories and central knowledge underpinning the 

human reliability assessment study. This involves, among many other 

activities, gathering data from peer-reviewed academic/journal papers, 

high risk industry reports and regulatory agency sources. Mainly, chapter 

two gives an overview of the literature on knowledge and theories relating 

accident causation models, Human Factors (HFs), Human Errors (HEs) and 

Performance Influencing Factors (PIFs) in process accidents. Chapter two 

also examines the problem of missing human factors in current process 

safety management system and examines and the ongoing attempt to 

integrate human factors (HFs) into the process safety management system 

(PSM). 

2.1 Accident Causation Models 
 
 Hollnagel (2016: 5) defined an accident as “a short, sudden and 

unexpected event or occurrence that results in an unwanted and 

undesirable outcome. The short, sudden and unexpected event must 

directly or indirectly be the result of human activity rather than a natural 

event (Hollnagel 2016: 5)”. The accident causation process is complex, 

involving many factors (Suraji, Duff and Peckitt 2001). Therefore, a 

comprehensive understanding of this complex process and its factors is 

necessary to develop strategies for accident prevention. The plethora of 

different conceptual causation models based on different perceptions 

(simple linear, complex linear and non-linear models) (Figure 2.1)  is an 

attempt to understand the processes and factors involved and unravel the 

mysteries of accident causation (Al-Shanini, Ahmad and Khan 2014; Health 

and Safety Professionals Alliance 2012). 
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Figure 2. 1 Summary of a history of accident modelling. 

Adapted from Hollnagel 2010, slide 7, cited in Health and Safety 
Professionals Alliance 2012). *STAMP - Systems-Theoretic Accident Model 
and Process, FRAM - Functional Resonance Accident Model, CAM - 
Complexity and Accident Modelling 

2.1.1 Heinrich’s Domino Theory 

The realisation that technical risk assessment and prevention measures 

alone could not solve all health and safety problems ushered in human 

errors, human factors and performance influencing factors related research. 

Several theories emerged within the “Human factors age”. Heinrich, seen 

as the pioneer of accident causation theories, developed the sequential 

accident model which is also known as the “five domino model” of accident 

causation (Figure 2.2). Using this model,  Heinrich opined that an accident 

is avoidable by eliminating one of the dominoes, usually the central factors 

(also called unsafe acts or conditions).  

  

 

 

 

 

 

 

 

 

 

  

  

Figure 2. 2. Heinrich’s Domino Theory Adapted from Heinrich (1931) 
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Heinrich’s theory became the foundation for many management-based 

theories which recognised failures within the management system as the 

cause of accidents within the workplace. Weaver developed a theory based 

on Heinrich’s domino theory with an emphasis on the role of a management 

system (Hosseinian and Torghabeh 2012). Weaver also introduced eight 

management aphorisms to guide decisions of supervisory management 

(Weaver 1971). Weaver’s contributions shifted attention from the ‘do’s and 

don’ts’ of safety, from the technological to the functional management of 

safety.  

 

2.1.2 Bird and Germain’s Loss Causation model  

Bird and Loftus (1974) updated the “Domino theory” to reflect the role of 

health and safety management systems in accident causation (Figure 2.3). 

Bird and Loftus conducted an extended study of the application of Loss 

Control and pioneered auditing methods based on Heinrich’s model (Hale 

and Glendon 1987; Hale and Hovden 1998; Bird and Loftus 1976). 

 

  

 

 

 

 

 

 

 

     Figure 2. 3. Bird and Loftus’ updated Domino Sequence of Accident 
Causation Theory (Bird 1974) 

 

2.1.3 Petersen’s multiple causation theory  

Whereas Heinrich’s domino theory is structured on the theory that an 

accident is caused by a single cause (Hosseinian and Torghabeh 2012), 

Petersen (1971) developed a model based on the management system. 

Petersen opined that rather than an individual cause, there are causes and 

sub-causes contributing to unsafe acts and unsafe conditions leading to an 

incident or accident (Figure 2.4).  
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Figure 2. 4. Petersen’s multiple causation theory 

 
 

2.2 Human Factors and Human Errors in process 
accidents 
 

Human and organisational factors are generally recognised as causes of the 

majority (up to 80%) of the major accidents seen in the process industry (Cox 

et al. 2016; Aas 2008). Gordon (1998) asserts that these accidents are a result 

of the interaction of human, organisational, technical, environmental and 

social factors and that they all affect the output of a very complex system. In 

most cases during investigation, errors are traced to organisational and 

supervisory failures, inappropriate inspections leading to preconditions for 

unsafe acts, structural and cultural failures (Pate-Cornell 1993). Hence, 

numerous models of accident causation have recognised the contribution of 

human factors and human errors in accident occurrence (O’Hare et al. 1994; 

Embrey 1992; Reason 1990). The most significant of these models is James 

Reason’s widely accepted accident causation model (Figure 2.5), often 

referred to as the “Swiss Cheese Model” represented by rotating cheese slices 

(Reason 1997).  
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Figure 2. 5. Human Errors Model 

  

The model defined two broad categories of errors: active errors (associated 

with the front-line operators of the system) and latent errors (associated with 

dormant adverse consequences within the system which become evident when 

they combine with other factors to breach the system's defences) (Reason, 

James 1990). When the threat (represented by an arrow) makes it all the way, 

from its origin, through aligned “cheese” holes (which represent control barrier 

and recovery measure), it materialises and accident happens. Provided any of 

the slices blocks the path, the threat cannot develop further to a mishap 

(Reason et al., 2006).  

 

2.2.1 What is the Human Factor? 

The Health and Safety Executive (HSE) refers to human factors as 

“environmental, organisational and job factors, and human and individual 

characteristics, which influence behaviour at work in a way which can affect 

health and safety” (HSE 2017). The International Association of Oil & Gas 

Producers defined human factors as “a term used to describe the interaction 

of individuals with each other, with facilities and equipment, and with 

management systems” (IOGP 2008). For the purpose of the thesis, human 

factors are defined as a “complex interplay of Personnel, Facilities and 

Equipment and Organisational and job factors which influence behaviour at 

work in a way which can affect health and safety” (Figure 2.6).  
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Figure 2. 6. The complex interplay of human factor subcategories 

 
Human factors research is about eliminating or reducing human error (Russ 

et al. 2013). To prevent or reduce human factors contributions to incidents 

requires making the system more human factor tolerant (Baysari, McIntosh 

and Wilson 2008b). This can be achieved by putting a system or a technique 

into place that will reduce human factors contributions, ensure recovery 

from incidents and mitigate consequences (Cacciabue 2005). 

2.2.2 What is Human Error? 

Rothblum (2000) defined human error as “being one of the following: an 

incorrect decision, an improperly performed action, or an improper lack of 

action (inaction)” (Rothblum 2000).   However, Reason (1990) defined error 

as “a generic term to encompass all those occasions in which a planned 
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sequence of mental or physical activities fails to achieve its intended 

outcome, and when failures cannot be attributed to the intervention of some 

chance agency” (Reason 1990: 9). Error is both normal and inevitable 

(Williamson et al. 1993), thus attempting to completely eliminate human 

imperfections is a futile goal.  

 Rasmussen (1983) developed a classification of different types of 

information processing involved in industrial tasks.  The classification 

system, known as the Skill, Rule, Knowledge (SRK) based approach, is a 

useful framework for identifying types of errors (Rasmussen 1983; Woods 

2009; Reason 1990). Reason extended the SRK approach to a General Error 

Modelling System GEMS, and identified three error types: Skill-based (and 

Lapses), Rule-based mistakes and Knowledge-based mistakes (Figure 2.7). 

Reason noted that errors may be a result of inadequate planning, failure in 

the execution of planned activities (slips) or failure in judgement 

(mistakes).  Another form of error identified in Figure 2.7 is violation. The 

Health and Safety Executive (HSE) defined violation as “deliberate 

deviations from the rules, procedures, instructions and regulations drawn 

up for the safe or efficient operation and maintenance of plant or 

equipment” (HSE 1995: 3). Violations in these rules can be accidental, 

unintentional or deliberate. This thesis is concerned with the deliberate 

violation of rules and procedures. However, it is important to note that 

violations described here are made with explicitly good intentions, with no 

intention to cause harm (Jones, Phipps and Ashcroft 2018), Violation with 

the intention to cause harm is considered a criminal behaviour (Hudson and 

Verschuur 2000). Hudson and Verschuur (2000) identified three types of 

violation and the associated procedural problems (Figure 2. 7): “1) Routine 

violation -poor procedures that are not followed, 2) Situational Violation - 

special situations that are not or poorly covered in the procedures- and 3) 

Exceptional Violation - situations that are not covered by any procedure”. 
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Figure 2. 7.  Types of human failure (adapted from Reason 1990) 

 

2.2.3 Human Factor Identification and Classification Systems 
(HFACS) 

Errors are shaped and provoked by upstream workplace and organisational 

factors. Identifying an error is merely the beginning and not the end of the 

search for causes: “Only by understanding the context that provoked the error 

can we hope to limit its recurrence” (Reason 1997: 126, cited in Reinach and 

Viale 2006a). Human factors research aims to better understand the complex 

interplay of Personnel, Facilities and Equipment and Organisational and job 

factors (Figure 2.6) to design systems and tools that support the physical and 

cognitive abilities of humans that are resilient to unanticipated events (Russ 

et al. 2013, Saleem et al. 2009).   

 

Human factor and human error identification use frameworks in accident 

investigation or analysis. The framework used is dependent on the adopted 

perspective or theoretical approach to human error (Baysari, McIntosh and 

Wilson 2008a). Two frameworks suitable for identifying a full range of human 

factors and human errors in a complex system are 1) the Human Factors 

Analysis and Classification System (HFACS) (Figure 2.8),  developed by 

Shappell and Wiegman (2003) for investigating post-accident data in the 

aviation industry and 2) the Technique for the Retrospective and Predictive 

Analysis of Cognitive Error (TRACEr)  in Air Traffic Management ATM (Figure 
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2.9), developed by (Shorrock and Kirwan 2002a). HFACS has no doubt 

remained the main method to date of investigating human factors and latent 

error contributions to major accidents (Baysari, McIntosh and Wilson 2008b). 

HFACS comprises four levels of taxonomy based on Reason’s ‘Swiss Cheese’ 

model (Figure 2 5): ‘Unsafe Acts’; ‘Preconditions for Unsafe Acts’; ‘Unsafe 

Supervision’ and ‘Organisational Influences’ (Wiegmann and Shappell 2001; 

Shappel and Wiegmann 2000). Similarly, “One technique that has tried to 

harmonise active and reactive approaches to human error analysis (HEA) … is 

‘TRACEr” (Shorrock 2002). 

 

The original HFACS (Figure 2.8) and TRACEr (Table 2.1) frameworks were 

designed for the aviation industry (Shappell and Wiegman 2003; Shorrock and 

Kirwan 2002). Also, the original HFACS and TRACEr frameworks have been 

modified several times to suit different sectors where they are considered to 

be less effective as they are presently constituted. The current HFACS is 

sufficient for the analysis of most human factors related to organisational 

influences (Pasman et al. 2013), safety supervision (Theophilus and Shaibu 

2014), operators’ competency or lack of knowledge (Pasman et al. 2013; 

Knegtering and Pasman 2009b) and the technical failure of ageing equipment 

now apparent in the oil and gas industry. However, it cannot simultaneously 

analyse regulatory deficiencies (Committee 2014) emerging process safety 

issues relating to the Management of Change, Process Safety Culture, 

Contractor Environment and violation issues like sabotage. There is therefore 

a need to modify the current HFACS to make it suitable for the oil and gas 

industry. Output 2 provides a detailed theoretical framework for this 

modification and accident analysis using the new framework called HFACS-

OGI. Similarly, TRACEr was initially developed for real-time accident analyses 

in air traffic control (Shorrock 2002) and has been successfully modified for 

other high risk industries such as railways and maritime (Baysari, McIntosh 

and Wilson 2008b) to make it suitable for their specific hazards. Output 3 

attempts to modify the current TRACEr taxonomy to make it suitable and 

useful for the oil and gas industry’s specific hazards as in other high risk 

industrial sectors.  
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Figure 2. 8.  Human Factors Analysis and Classification System (HFACS) 
(Shappell and Wiegman 2003) 
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Table 2. 1. Levels and subdivisions of the Technique for Retrospective and 
Predictive Analysis of Cognitive Errors (TRACEr) taxonomy (Shorrock and 
Kirwan 2002; Graziano, Teixeira and Guedes Soares 2016)  

 
 
 

2.3 Performance Influencing Factors (PIFs) in 
Process Accidents 
 

Many authors have identified the job, the operator and the organisation as 

major factors affecting safety performance in high risk industries (Kariuki and 

Löwe 2007; Theophilus et al. 2018; Fabiano et al. 2004; HSE 2007; Khdair et 

al. 2011). There are specific characteristics of the job, the personnel and 

the organisation that influence human performance known as 

Performance Influencing Factors ( PIFs) (Table 2. 2) (O’Reilly 1977; Sims 

and Szilagyi 1976; Hanafi 2016; Kim and Jung 2003; Bellenkes 1997; Ellis 

and Holt 2009; Kariuki and Löwe 2003; Theophilus et al. 2018).  Different 

terms have been used to describe these factors: performance shaping 

factors (PSFs) (Park and Jung 1996) and error-producing conditions ( E P C s) 

(Williams and Bell 2015). Performance influencing factors are seen as 

contributors to human factors, unsafe acts, unsafe plants and 

conditions and consequently, process accidents (Figure 1.4 B) (Kim and 

Jung 2003). Hence, optimising PIFs reduces the likelihoods of error 

occurrences (Bellenkes 1997; Ellis and Holt 2009).  
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Table 2. 2. Performance Influencing Factors Taxonomy adapted from (Kim 
and Jung 2003; Kariuki and Löwe 2003)  

 
 

The ‘influence’ of performance influencing factors (PIFs) on human factors in 

the process industry and indeed the oil and gas industry is an area not yet 

well understood (Paradies et al. 1993; Groth and Mosleh 2012; Theophilus et 

al. 2016). Because PIFs can change the probability of a human error, the 

human probabilities (HEP) are estimated based on the PIF (PIFs)  in 

many Human Reliability Analysis (HRA) models (Groth and Mosleh 2010). 

However, there is no defined set of PIFs used in these methods. Depending on 

the industry, the sets of PIFs relied upon by current HRA methods range from 

a few to over 50. Again, there is no defined method of accounting for or 

quantifying the influence of PIFs (De Ambroggi and Trucco 2011). Another 

challenge is how to deal with the types of influences that exist: 1) the influence 

of one PIF on another PIF (e.g. workload influence on stress); and 2) the 

influence of PIFs on human factors (HF) or human error probability (HEP) (e.g. 

the influence of stress on a team and the probability of human error) (De 

Ambroggi and Trucco 2011).  
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2.4 Integrating human factors (HF) into the process 
safety management system (PSM)  

 
Before the 1970’s, the impact of human factors on process safety management 

(PSM) was not considered. This started to change when companies began to 

introduce operational risk management, management of change, maintenance 

practices and operating procedures (Cummings 2009). However, industry 

activities and operational processes remained guided by very minimal 

legislation and regulations, leading to numerous fatal accidents (Nabhani et 

al. 2016; Lundteigen and Rausand 2007). In response to these fatal accidents, 

on July 17 1990, OSHA named the standard Process Safety Management of 

Highly Hazardous Chemicals in the Federal Registry (55FR 29150) (U.S. 

Department of Labor 2000). Similarly, to aid in the reduction of process 

accidents, the UK government enacted the Control of Major Accident Hazards 

(COMAH) Regulations 1999 (HSE 1999). Process safety management 

standards were concerned with the prevention of fires and explosions and 

unintended chemical releases in the process industries (Goh et al. 2015). The 

effectiveness of a company’s process safety management system is assessed 

using several process safety indicators (PSI) The intended outcome of each 

assessment is to ascertain what is being done well and to learn lessons where 

necessary (Fearnley and Nair 2009).  

 

As stringent legislations emerged, the concept of the process safety 

management system became a major concern within the process industry, as 

companies began seeking suitable and robust approaches to enhance their 

operational integrity. However, human factors contributions to major process 

accidents remain a major concern to date (Shappell and Wiegmann 2012). For 

example, in 2006, the US Chemical Safety Board (CSB) asserted that human 

factors deficiencies were a major contributor to most catastrophic accidents 

(Holmstrom et al. 2006). Also, human factors were   blamed in a review of 

148 US refineries released in 2010 (Holmstrom et al. 2006; Kaszniak 2010). 

Therefore, in a quest to deal with process accidents, companies have 

developed several process safety management models. However, process 

accidents have continued to happen with high human factor contributions.  

Bridges and Tew ( 2010) argued that most current PSM frameworks do not 

adequately address human factors elements. Moore et al. (2015) suggested 

that a critical reason for the continuation of process accidents with high human 
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factor contributions was the lack of a robust PSM system which would 

incorporate all human factor elements.  To this end, in Output 4, human factors 

were incorporated into the PSM framework based on Shappell and Wiegmann’s 

proposal for a Human Factors Analysis and Classification System (Figure 2.8) 

(Shappell and Wiegmann 2012). 
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Chapter Three 

Research Methodology and Approach 
 
 
The credibility of finding answers to research questions posed in chapter 

one depend mainly on the quality of the research design, research method, 

data collection, data management, and data analysis. This chapter provided 

a description of the methodology and approach adopted to obtain the data 

and how they were analysed to draw up conclusions (Table 3.3). 

3.1 Research Design 
 

The research design sets out the framework of methods and techniques 

chosen for the various parts of the study so that the research questions are 

addressed. This study has relied mainly on retrospective accident data and 

the process of retrospective accident data analysis has been identified as 

belonging to post-positivism (Denzin and Lincoln 2011; Theophilus et al. 

2016): ‘The problems studied by post-positivists reflect a need to identify 

and assess the causes that influence outcomes …It is also reductionistic in 

that the intent is to reduce the idea into a small, discrete set or test, such 

as a variable ….’ (Creswell 2013). However pragmatist research focuses on 

the 'what' and 'how' of the research problem which is also an aspect of this 

research. Therefore, the option of the post-positivist paradigm, the 

reductionist and the pragmatist approach in some aspects of the work 

cannot be overemphasised. As such, the research approaches are both 

qualitative and quantitative and include case study, correlational and 

descriptive research designs. 

 

3.1.1 Case Study Research Design  

The case study research method, sometimes referred to as the descriptive 

research method (Harrison et al. 2017), is one of the most widely used 

qualitative methods. The method is considered robust particularly when an 

in-depth, holistic investigation is required (Zainal 2007). The fundamental 

feature of case study research design is the examination of specific 

‘instances of’ something that comprise the cases in the study (Yin 2003; 

Stake 1995). A case can be something reasonably concrete such as a group 
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or a person, or something that is abstract such as an accident, a 

management system or a management of change programme. A case study 

research design may involve one or more cases (Yin 2003; Stake 1995; 

Baxter and Jack 2008). All the outputs in this COD were largely 

characterised by an in-depth examination of accident case studies (Outputs 

1, 2, 3 and 4) and process safety management systems (Output 5), with a 

view to narrowing down on either the causal factors before statistical 

analysis or identifying missing human factors elements. This design was 

adopted because it is a valuable method for health and safety research to 

develop theory, evaluate programs and develop intervention tools (Baxter 

and Jack 2008). 

  

3.1.2 Correlational (Archival) Research Design  

Determining that one factor causes changes in another can be difficult 

(Privitera 2016). Correlational Research Design attempts to measure two 

factors (variables) and assess the statistical relationship (i.e. the 

correlation) between them with no attempt to control extraneous variables 

(Heiman 2001; Privitera 2016). Correlational Research Design presents the 

relationships among variables by using techniques such as correlations and 

cross-tabulation.  Correlational designs were used in Output 2 and Output 

4 to determine, for example, to what extent are HFACS Unsafe Supervision 

(Level 3) and Unsafe Act (Level 1) categories related by using historical 

accident records. This is considered archival research in the sense that it 

depended solely on examining historical records or data sets for 

relationships or patterns (Ventresca and Mohr 2017).  

 

Descriptive designs  

Descriptive research designs which can be either qualitative or quantitative 

(Nassaji 2015), “involves observing and describing the behaviour of a 

subject without influencing it in any way” (Nwokeafor 2015). It 

encompasses collections of quantitative data that can be tabulated in 

numerical form, or quantitative data that can be organised, tabulated and 

illustrated using visual aids such as graphs and charts to aid understanding 

(Glass and Hopkins 1984). Descriptive design was adopted in Outputs 2, 3, 

4 and 5. Research questions were used to compare the usability and 
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reliability of TRACEr and the developed TRACEr-OGI as a way of validating 

both tools. 

 

Descriptive designs were adopted in Outputs 2, 3, 4 and 5. Research 

questions were used to compare the usability and reliability of TRACEr and 

TRACEr-OGI as a way of validating both tools. 

3.2  Research Method 
 

Research Methods can be categorised into three major clusters: 1) 

qualitative research (i.e. research based on, but not limited to, analysing 

narrative data or document contents (words)); 2) quantitative research (i.e. 

research based on, but not limited to analysing numerical data); and 3) 

mixed-methods research (i.e. research that combines features of 

quantitative and qualitative research approaches) (Venkatesh et al. 2013). 

The post-positivist, reductionist and pragmatist paradigm meant that the 

study adopted a mixed method approach.  The mixed method was an ideal 

technique to assess complex accident scenarios. It was valuable in that it 

provided a mechanism to gain complementary views and a more complete 

picture in situations where existing theories and findings derived from one 

method did not sufficiently explain or offer significant insights into a 

phenomenon of interest.  

 

3.2.1 Case Study Method  

The case study research method, sometime referred to as the descriptive 

research method (Harrison et al. 2017), is one of the most widely used 

qualitative methods. It uses reports of past studies or accounts of events 

to investigate and understand complex situations. The method is considered 

robust particularly when an in-depth,  holistic investigation is required 

(Zainal 2007). The researcher can adopt either a single-case or multiple-

case design subject to the issue under investigation. 

 

A single case study was examined in Output 1 while multiple-case studies 

were examined in Outputs 2, 3, 4 and 5. Each case was examined with the 

aim of improving the understanding of the event under consideration. 

Published limitations of the case study method recognise the use of a single 
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case study as subjective, resulting in a lack of methodological rigour and 

external validity (Christie et al. 2000). However, through the application of 

mixed (qualitative and quantitative research) methods, this research was 

able to provide the empirically-rich results that were required. 

 

3.2.2 Mixed-Methods Sequential Explanatory Design 

The mixed-methods sequential explanatory design typically involves two 

phases: 1) an initial quantitative phase followed by 2) a qualitative data 

collection phase, which builds directly on the results from the quantitative 

phase (Wisdom and Creswell 2013). In this way, the quantitative results 

are explained in more detail through the qualitative data. Outputs 1,  2 and 

4 needed the collection, collation and analysis of quantitative data followed 

by the collection and analysis of qualitative data to assist in explaining and 

interpreting the findings of the quantitative study. As such, the Sequential 

Explanatory mixed method was used. 

 

3.2.3  Mixed-Methods Sequential Exploratory Design  

The mixed-methods sequential exploratory design, like the explanatory 

design, involves two phases: 1) an initial qualitative phase which requires 

collecting and analysing qualitative data and 2) using the findings from the 

initial phase to develop a psychometric tool which is then administered to a 

sample of a population (Wisdom and Creswell 2013). This method was used 

in Output 3.  Following the development of TRACEr-OGI, case study analysis 

was used to show the internal validity of the approach. Again, a total of 

initial phase was used to develop a psychometric tool which was used to 

rate 2 case studies by 25 respondents. These strategies were not only useful 

in developing and testing the new instrument, but was also necesssary for 

triangulation purposes to underpin policy recommendations or industrial 

implementation strategies for the process industry. The major limitations of 

this method were as follows: the research design was complex, it took much 

more time and resources to plan and implement the research and finally, at 

some point, it was unclear how to resolve some discrepancies in the 

interpretation of the findings. 
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3.3 Data Collection 
 

 
3.3.1 Document Review and Analysis  

Document review and analysis is a qualitative data collection method that 

involves reviewing existing reports or documents (Bretschneider et al. 

2017).  It involves deep-reading (thorough examination) and interpretation 

(Bowen 2009). The process combines elements of thematic analysis and 

content analysis. While content analysis is a systematic process of 

organising information or evidence into categories related to the central 

questions of the research (Bowen 2009), thematic analysis is a search for 

the identification of themes that emerge and which then  become the 

categories for analysis (Fereday and Muir-Cochrane 2006).   

 

Each output in this work began with a document review and analysis of 

academic literature and published reports. Limitations of this method 

include: subject coverage, date coverage, publication coverage and updates 

and timeliness. Therefore, the review was limited only to credible 

institutional publications. The review began by searching (for example) the 

World Offshore Accident Database (WOAD); the Process Safety Incident 

Database (PSID);  the U.S. Chemical Safety Board (U.S. CSB) database; 

abstracts  from Accident Analysis & Prevention publications and recent SPE 

International Conferences and Exhibitions on Health, Safety, Security, 

Environment, and Social Responsibility;  published studies containing 

keywords, for example ‘oil and gas safety’, ‘offshore oil and gas  safety,’ 

‘offshore accident analysis,’ ‘PIFs,’ ‘HFACS,’ ‘TRACEr,’ ‘incident reporting 

system,’ ‘human error taxonomy,’ ‘human factors taxonomy’ and so forth. 

In most cases, each document’s reference list was scanned for additional 

source materials.  

Major offshore accident reports published by The International Association 

of Oil & Gas Producers (IOGP) were used for this research. The data used 

for Output 1 (HFACS-OGI) and Output 2 (TRACEr-OGI) were from the U.S. 

Chemical Safety Board (CSB) database and IOGP database, respectively. 

The major limitations experienced were ambiguities in the reports. It was 

difficult to confirm that the qualitative data were statistically significant or 

due to chance. 
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Raters’ data were subsequently analysed using SPSS software (see 

statistical test and analysis below). Please refer to appendix A for the 

approved CU ethics certificate. The only limitation was getting sufficient and 

robust data to explain complex HF and HE issues. This is one of the reasons 

why sequential explanatory and sequential exploratory mixed methods 

were used. 

 

3.4 Data Analysis 
 

3.4.1 Thematic Analysis 

Thematic analysis is a qualitative approach for identifying themes within 

data (Braun and Clarke 2006). It is a method of encoding and organising 

qualitative data set in details (Boyatzis 1998). The catalogue of a process 

safety management system used in Output 5 was analysed using the six 

steps outlined by Maguire and Delahunt (2017) as follows: 1) become 

familiar with the data, 2) generate initial codes, 3) search for themes, 4) 

review themes, 5) define themes and 6) write up.  Themes around the 

theoretical architecture, implementation strategy and subcategories within 

the strategies were identified using this method. All screened data were 

then reviewed and encoded before writing up. 

 

3.4.2 Statistical analysis  

Details of the statistical analysis are available in the outputs used for this 

COD. However, for the purposes of this COD, brief descriptions are 

provided. After coding, any categories that were not present in any of the 

accidents were excluded (see section 3.3.2 for the data coding process). 

The coded data were then cross-tabulated for statistical analysis with Excel 

in the case of TRACEr-OGI and were subjected to SPSS version 25 for 

Windows for HFACS-OGI.  SPSS was used to calculate the Chi-square test 

of association and Fisher’s exact test in order to determine the statistical 

association between the upper-level categories and the adjacent lower level 

categories (Chauvin et al. 2013; Hayes 2012; U.S. CSB 2008). In some 

instances, further analysis was conducted using Spearman’s to measure the 

strength of the relationships between the different categories that showed 

significant relationships in the Chi-square and Fisher’s exact test correlation 

(Holmstrom et al. 2006). 
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Chapter Four 

 Results and Discussion 
 

This chapter presents the main results of this PhD published in five 

journal articles. In Chapter 1, section 1.3, four research questions were 

posed and operationalised into four objectives in section 1.4. These five 

published articles were aimed at providing answers to these questions and 

meeting the set objectives. The following subsections are summaries of 

major results of each article in line with the research questions and 

objectives. 

4.1 Human factor analysis and classification system 
for the oil and gas industry (HFACS-OGI) 

 
Question 1 - “How suitable for the oil and gas industry are the current 

human factor analysis and classification system (HFACS) 
frameworks developed for the aviation industry?” 

 
Objective 1 - “To develop a human factor analysis and classification system 

(HFACS) framework for the oil and gas industry (HFACS-OGI).” 
 

3.2.3   Analysis of HFACS-OGI 

The result showed that the current HFACS as is currently constituted is not 

suitable for the oil and gas industry, hence the need to develop a human 

factor analysis and classification system (HFACS) framework for the oil and 

gas industry (HFACS-OGI). In July 2014 the SPE held a two-day summit 

and produced a technical report titled The Human Factor: Process Safety 

and Culture (SPE 2014), that explored the best way to address human 

factors affecting the oil and gas industry. The proposed HFACS-OGI (Figure 

4.1) considered this technical report focused on preventing major accidents, 

particularly toxic releases, fires and explosions related to the Control of 

Major Accident Hazards (COMAH) regulations (O’Dea and Flin 2001).  
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Figure 4. 1. Proposed Human Factor Analysis and Classification System for 
the Oil and Gas Industry (HFACS-OGI) 
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Following screening and analysis, the sub-categories (shown in gray) 

were added: to Level 1, the act of sabotage; to Level 2, Contractor 

Environment; nothing was added to Level 3; and to Level 4, Process Safety 

Culture and Management of Change. A new Level 5 called Regulatory and 

Statutory Influences was created, with International Industry Standards 

and National Regulatory Framework as sub-categories (Figure 4.1). The 

addition of level 5 was also supported by the frameworks developed for the 

marine industry (HFACS-MA) (Chen et al. 2013), machinery spaces on ships 

and shipping (HFACS-MSS and HFACS-FCM) (Schröder-Hinrichs et al. 2011; 

Soner et al. 2015), the railroad industry (Reinach and Viale 2006b) and the 

mining industry (HFACS-MI) (Patterson and Shappell 2010). 

 

3.2.4 Comparative Analysis of HFACS and HFACS-OGI 

 HFACS and HFACS-OGI were assessed using 11 notable U.S. 

Chemical Safety Board (CSB) refinery accidents. Whereas only 54 causal 

factors leading to the occurrences of accidents were identified with the 

HFACS, a total of 80 were identified with HFACS-OGI. Organisational 

process (level 4) with a frequency of 10 each for both HFACS and HFACS-

OGI, was identified as a contributing factor in 90% of the accidents. All oil 

and gas industry-specific causal factors which were difficult to identify with 

the HFACS were successfully identified using the HFACS-OGI. The 

contributing factors identified of the accidents include the newly added 

national regulatory framework (HFACS-OGI level 5) (Table 4.1) - industry 

standards (45%) and national regulatory framework (36%)(Table 4.2). A 

summary of results showing only the significant associations from the Chi-

square and Fisher’s exact tests are shown in Tables 4.2, Table 4.3 and Table 

4.4 below. 

 

Table 4. 1. Breakdown of accident/incident contributing to HFACS 
categories 

 
HFACS Level 

 
Subcategory 

 
Number of cases 

identified per 
contributing 
subcategory  

 
*Percentag

e % 

Level 4 Organisational process 10 90 

Organisational climate 6 54 
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Organisation

al influences  

Resource management 6 54 

Level 3 

Unsafe 

supervision 

Inadequate supervision 4 36 

Planned inappropriate 

operations 

2 18 

Failed to correct a known 

problem  

1 9 

Supervisory Violations 4 36 

Level 2 

Preconditions 

for unsafe 

acts 

Physical environment 1 9 

Technological environment 2 18 

Adverse mental states 1 9 

Adverse physiological states 0 - 

Physical/ mental limitations  0 - 

Crew resource management  6 54 

Personal readiness 1 9 

Level 1 

Unsafe acts  

Decision errors 5 45 

Skill-based errors 1 9 

Perceptual errors 1 9 

Routine violations 2 18 

Exceptional violations 1 9 

 
 

 

Table 4. 2. Breakdown of accident/incident contributing to HFACS-OGI 
categories 

HFACS –

OGI  Subcategory 

Number of cases 

identified per 

contributing factor 

*Percenta

ge % 

Level 5 

Regulatory 

& Statutory 

Influences 

 

Industry standards 

National regulatory 

framework 

 

5 

4 

 

45 

36 
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Level 4 

Organisatio

nal 

Influences 

 

Organisational climate 

Process safety culture 

Organisational process 

Management of Change 

Resource management 

 

6 

7 

10 

5 

6 

 

54 

63 

90 

45 

54              

Level 3 

Unsafe 

Supervision 

Inadequate supervision 4 36 

Planned inappropriate 

operations 

2 18 

Failed to correct a known 

problem  

1 9 

Supervisory Violations 4 36 

Level 2 

Preconditio

ns for 

Unsafe Acts 

Physical environment 1 9 

Technological environment 2 18 

Contractor environment 5 45 

Adverse mental states 1 9 

Adverse physiological states 0 - 

Physical / mental limitations 0 - 

Crew resource management 6 54 

Personal readiness 1 9 

Level 1 

Unsafe Acts 

Decision errors 5 45 

Skill-based errors 1 9 

Perceptual errors 1 9 

Routine violations 2 18 

Exceptional violations 1 9 

Acts of sabotage 0 - 

 
 

 

Table 4. 3. * Comparison of Chi-Square and Fisher’s Exact Test Results 
between levels of HFACS framework  

A significant association between the 
upper level and adjacent downward 
level categories in the HFACS 
framework. 

Chi-square Fisher’s exact test 

P-
value 

 

Significanc
e 

P<0.05 

P-
value 

Significan
ce 

P<0.05 
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P-values less than 0.05 indicate a 
significant relationship between 
categories. 
Inadequate 

supervision 

Technological 

environment 

0.039 Yes 0.109 No 

Inadequate 

supervision  

Crew resource 

management 

0.022 Yes  0.061 No  

Planned 

inappropriate 

operations 

Physical 

environment 

0.026 Yes 0.182 No 

Failed to correct a 

known problem 

Physical 

environment 

0.001 Yes 0.091 No 

Physical Environment Skilled Based 

Errors  

0.001 Yes  0.091 No  

Technological 

Environment  

Perceptual 

Errors  

0.026 Yes  0.182 No  

Adverse Mental 

States 

Perceptual 

Errors 

0.001 Yes  0.091 No 

Adverse Mental 

States 

Routine 

Violations 

0.026 Yes  0.182 No  

Personal Readiness Perceptual 

Errors 

0.001 Yes  0.091 No 

Personal Readiness  Routine 

Violations 

0.026 Yes  0.182 No  

 
 
 
Table 4. 4. * Comparison of Chi-Square and Fisher’s Exact Test Results 
between levels of HFACS-OGI framework 

A significant association between the 

upper level and adjacent downward 

level categories in the HFACS-OGI 

framework. 

 P-values less than 0.05 indicate a 

significant relationship between 

categories. 

Chi-square Fisher’s  exact test 

P-value 

 

Sig 

P<0

.05 

P-value 

 

Sig 

P<0.05 
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National regulatory 

framework 

Organisation

al climate 

0.022 Yes 0.061 No 

Management of Change Inadequate 

Supervision 

0.006   Yes 0.015 Yes 

Inadequate supervision Technological 

environment 

0.039 Yes 0.109 No 

Inadequate supervision Crew 

Resource 

Management 

0.022 Yes 0.061 No 

Planned inappropriate 

operations 

Physical 

Environment 

0.026 Yes 0.182 No 

Failed to Correct Known 

Problem 

Physical 

Environment 

0.001 Yes 0.091 No 

Physical Environment Skill-Based 

Errors 

0.001 Yes 0.091 No 

Technological 

Environment  

Perceptual 

Errors 

0.026 Yes 0.182 No 

Adverse Mental States Perceptual  

Errors 

0.001 Yes 0.091 No 

Adverse Mental States Routine 

violation 

0.026 Yes 0.182 No 

Personal Readiness Perceptual 

Errors 

0.001 Yes  0.091 No 

Personal Readiness Routine 

Violations 

0.026 Yes  0.182 No  

*Only Significant P-values are shown. 

 
Chi-square test and Fisher’s exact test was used to assess the significant 

association paths between the upper the level and adjacent downward level 

categories in the HFACS-OGI framework as illustrated in Figure. 4.2. The 

result shows there was a significant association between the national 

regulatory framework (level 5) and Organisational Climate (level 4) (r = 

0.022, p < 0.05). Fisher’s exact test was statistically significant (r = 0.015, 

p < 0.05). Spearman’s correlation test between the national regulatory 

framework (level 5) and the Organisational Climate (level 4) showed a very 

strong positive association (r = 0.690, p < 0.01). However, though some 
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categories were statistically significant in the Chi-square test of association, 

not all categories were significant in Fisher’s exact test and Spearman’s 

correlation. Spearman’s correlation. Full details of the results are published 

in Theophilus et al. (2017) and available in part II of this COD. 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. 2. Paths of associations between HFACS-OGI levels (Chi-
square test Fisher’s exact test). 
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4.2 Technique for the Retrospective and Predictive 
Analysis of Cognitive Errors for the oil and gas 
industry (TRACEr-OGI) 

 
Question 2 –“How suitable for the oil and gas industry is the current 

Technique for Retrospective and Predictive Analysis of 
Cognitive Errors (TRACEr) developed for the aviation 
industry?” 

 
Objective 2- “To develop a Technique for Retrospective and Predictive 

Analysis of Cognitive Errors for the Oil and Gas Industry 
(TRACEr-OGI).” 

 
 

4.2.1  Analysis of TRACEr-OGI 
 

The Technique for Retrospective and Predictive Analysis of Cognitive Errors 

for the Oil and Gas Industry (TRACEr-OGI) (Appendix D) was used to 

analyse 163 accident reports. It was shown that the tool was useful and 

effective in classifying task errors, major contexts in which these errors 

occurred and any causal factors. Results found that poor communication 

between drillers, roustabouts, crane operators, floor men, and other 

operators working on offshore platforms remains a major precursor to 

offshore accidents.  Several injuries identified arose from a lack of 

communication between operators working simultaneously on drilling 

operations tasks.  

The Operator’s Context revealed major errors in perception. Overall, the 

major contributors to human error were the personal factor (Competence) 

and the organisational factor (Training). The predominant contributors to 

Error Recovery were failures in the functional barrier system  

 

4.2.2  Reliability and Usability of TRACEr-OGI 
 
The reliability and usability of the propose TRACEr-OGI are detailed in 

Theophilus et al. (2017). However, excerpts are provided in this section. 

The Technique for the Retrospective and Predictive Analysis of Cognitive 

Errors for the oil and gas industry (TRACEr-OGI) was developed to make it 

effective, less difficult to use and more comprehensive in identifying errors 

for the oil and gas industry. Therefore, TRACEr and TRACEr-OGI were 
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Table 4. 6. The percentage agreement among raters for TRACEr-OGI. 

Raters * 
(R) 

Percenta
ge 

Agreeme
nt 

Kappa  
(k)* 

p-
Value 

Percentage 
Agreement 

Kappa  
(k)* 

p-
Value 

 TRACEr-OGI TRACEr 
R1 vs. R2 91.6% 0.746 0.00 86.7% 0.725 0.00 

R1 vs. R3 92.7% 0.764 0.00 84.6% 0.679 0.00 

R1 vs. R4 88.5% 0.644 0.00 83.9% 0.664 0.00 

R2 vs. R3 91.6% 0.724 0.00 86.7% 0.723 0.00 

R2 vs. R4 89.5% 0.669 0.00 87.4% 0.738 0.00 

R3 vs. R4 92.7% 0.753 0.00 89.5% 0.779 0.00 

 
 
 
Table 4. 7. Participants rating of ease of use. 
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