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Abstract
As AcciMap is now arguably the most popular accident analysis method in the peer-reviewed literature, there are key learnings to be taken from reviewing and synthesising published AcciMap analyses. In particular, the extent to which the network of contributory factors underpinning accidents is consistent across safety critical domains. This study reviewed and synthesised 23 AcciMap analyses published in the peer-reviewed literature. Contributory factors and relationships were extracted and thematically coded to form a single multi-domain, multi-incident AcciMap. The resulting AcciMap contains 5,587 contributory factors spanning seventy-nine distinct contributory factor types. The findings reveal a set of generic contributory factors that consistently play a role in major accidents regardless of domain. Additionally, contributory factors previously only associated with sharp-end human operators are, in fact, prevalent across multiple levels of accident systems. The implications of these findings for accident theory and accident analysis and prevention activities are discussed. For future AcciMap analyses it is recommended that the contributory factor classification scheme developed in the present study is used to support the identification and classification of contributory factors. In addition, further education for analysts on the systems thinking perspective on accident causation is recommended.
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Introduction

An accident is any “short, sudden and unexpected event or occurrence that results in an unwanted and undesirable outcome” that is the result of human activity rather than a natural event (Hollnagel, 2004, pg. 5). The so-called ‘systems thinking perspective’ on accident causation is now ubiquitous in safety science research and practice. Accordingly, accident analysis efforts are increasingly being supported by a core set of state-of-the-art systems thinking-based accident analysis methods (Hulme et al., 2019; Salmon et al., 2017a; Stanton et al, 2019). This includes the Accident Mapping (AcciMap) technique (Svedung & Rasmussen, 2002), the Systems Theoretic Accident Model and Processes (STAMP; Leveson, 2004), the Functional Resonance Analysis Method (FRAM; Hollnagel, 2012), and, though subject to some debate regarding its status as a systems thinking method, the Human Factors Analysis and Classification System (HFACS; Wiegmann & Shappell, 2003). These methods are being applied across a diverse set of safety-critical domains. A recent systematic review identified road, rail, aviation, maritime, space exploration, mining, emergency services, disaster response, public health, outdoor recreation, construction, nuclear power, oil and gas, and the military (Hulme et al., 2019).
Most accident causation models and methods are generic in the sense they are developed to be applicable to all safety critical domains (e.g. Dekker, 2011; Leveson, 2004; Perrow, 1984; Rasmussen, 1997; Reason, 1990). The notion that accident causation is homogenous across safety critical domains is, however, an assumption that has not received much in the way of formal testing. In particular, whether there are a common and recurring network of systemic contributory factors involved, regardless of the domain in which an accident occurs in, has received little attention. An exception is Turner (1978) and more recently Grant et al. (2018). Turner explored the common contributory factors involved in major accidents and disasters and found that man-made disasters share a set of common characteristics, including long incubation periods, rule violations, and cultural beliefs about hazards that prevent appropriate intervention (Turner, 1978). Whilst not looking specifically at contributory factors, Grant et al. (2018) synthesised state-of-the-art accident causation models to identify a set of fifteen tenets regarding accident causation. Studies and findings such as this have important ramifications both in terms of theory and practice, as the extent to which accident causation is universal dictates whether domain specific accident causation models and accident analysis methods are required (Salmon et al., 2012), and will determine whether effective accident prevention strategies can be transferred across domains. Despite this, few studies have analysed accident analyses across domains to identify commonalities and recurring features.
The set of accident analyses referred to above thus provide a useful body of work to examine accident causation across different safety critical domains; however, analysing the full set of analyses is not appropriate as theoretical and methodological differences in the four approaches mean that it is difficult to synthesise the outputs. For example, whilst AcciMap and the STAMP Causal Analysis based on STAMP method (CAST; Leveson, 2004) support the identification of contributory factors up to and including regulatory and government levels of a work system, FRAM and HFACS to do not. In addition, HFACS and CAST involve the use of taxonomies to classify contributory factors into specific types (e.g. unsafe acts, control failures), whereas AcciMap does not (Salmon et al., 2012; Stanton et al, 2019). Aggregation of the analyses across methods is therefore difficult if not impossible. As a result, it is more appropriate to focus on the analyses undertaken with only one of the methods. Such an approach enables aggregation of analyses, regardless of the domain in which they occurred.
Of the four methods, AcciMap is arguably the most popular, and the most closely aligned with state-of-the-art accident causation models (Hulme et al., 2019; Salmon et al., 2017a; Waterson et al., 2017). Whilst the systematic review undertaken by Hulme et al. identified more applications of HFACS, many of these were undertaken before 2010, whilst a majority of the AcciMap applications were published after 2010. Moreover, HFACS is based on Reason’s (1990) dated Swiss Cheese model, and the original instantiation of the HFACS method does not support consideration of contributory factors external to the organisation involved. As a corollary, most HFACS analyses are incongruent with the systems thinking perspective on accident causation because they do not produce analyses showing the interactions between contributory factors and do not typically consider contributory factors outside of the organisations involved.

Based on these assumptions the set of published AcciMap analyses provide the most appropriate body of work to explore the commonalities in accident causation across different domains.  Further, revisiting these analyses provides an opportunity to examine the extent to which the assertions made in Rasmussen’s Risk Management Framework (RMF) have been confirmed through applications of the accompanying AcciMap method (Rasmussen, 1997; Svedung & Rasmussen,2000). This includes the supposition that accidents are caused by multiple interacting contributory factors associated with the decisions and actions of actors across all levels of work systems, and that vertical integration and migration of behaviours play a key role also. 
This article describes the findings from a study that aimed to review and synthesise the AcciMap analyses published to date in the peer reviewed literature. The aim was to determine whether there are a set of recurring contributory factors and interrelations and explore the extent to which Rasmussen’s (1997) key tenets of accident causation have been confirmed through accident analysis studies. Contributory factors and relationships were extracted from 23 published analyses and recoded to form a multi-domain, multi-incident AcciMap. The resulting AcciMap was then interrogated with network analysis metrics to explore commonalities in accident causation across the application domains.
AcciMap

AcciMap provides a means with which to describe accidents through the lens of Jens Rasmussen’s risk management framework (Rasmussen, 1997). The method was developed in response to the belief that task analysis methods are not capable of modelling the systemic network of factors underpinning accidents (Svedung & Rasmussen, 1997). In line with Rasmussen’s model, AcciMap builds on the principle that that behaviour, safety and accidents are emergent properties of complex sociotechnical systems. These emergent properties are created by the decisions and actions of all stakeholders within a system – politicians, chief executives, managers, safety officers and work planners – not just by front line workers alone (Cassano-Piche et al, 2009). 

The method is used to support analysts in identifying and representing the network of contributory factors involved in accidents. Typically six hierarchical levels are used: government policy and budgeting; regulatory bodies and associations; local area government planning & budgeting; technical and operational management; physical processes and actor activities; and equipment and surroundings. Contributory factors are identified, mapped to one of the six levels, and then linked between and across levels based on cause-effect relations. AcciMap’s key strengths are that that it supports consideration of the contributory factors across the entire work system (up to and including government) as well as the interactions and relationships between contributory factors. 

Method
The study involved a review and synthesis of AcciMap analyses published in the peer reviewed literature since the method was formally introduced (Rasmussen, 1997). The contributory factors and interrelations identified in each AcciMap were extracted and coded to create a multi-domain, multi-incident analysis representing all of the published AcciMaps together in one single AcciMap diagram.

Selection of AcciMap studies
Two recently published reviews were used as a basis to identify potentially eligible studies (Waterson et al., 2017, Hulme et al., 2019). Waterson et al. (2017) reviewed 27 AcciMap studies undertaken between 2000 and 2015, including those published in peer reviewed journal articles, conference articles, and the grey literature. As part of a broader review of systems thinking-based accident analysis methods, Hulme et al. (2019) reviewed 21 AcciMap studies published in the peer reviewed literature since 1990. Together Waterson et al. (2017) and Hulme et al. (2019) provide a comprehensive and up-to-date overview of the AcciMap analyses published in the peer reviewed literature.
To be eligible for inclusion, the studies described in Waterson et al. (2017) and Hulme et al. (2019) were required to comply with the following criteria:
1. The study involved an application of the AcciMap method to analyse an accident or set of accidents; and
2. Outcomes included documented accidents ranging from major events (e.g., large-scale nuclear disasters impacting on global economies, environments, populations) to relatively minor incidents and anomalies (e.g., component failures, exposure to hazardous substances, personal injury).
The studies were excluded if they complied with the following criteria:
1. The study used AcciMap to analyse work-as-done or near miss incidents that did not involve an adverse outcome. For example, Trotter et al. (2014) used AcciMap to analyse the systemic factors which facilitated the safe return to earth of the Apollo 13 crew. Similarly, Donovan et al. (2017) used AcciMap to analyse the systemic factors which enabled the safe management of a large-scale mining landslide incident;
2. The study involved a theoretical and/or analytical enhancement of another accident analysis method via the integration of certain aspects associated with AcciMap.  Doing so fundamentally changed the use of methods resulting in a hybridised approach (i.e., an approach that does not involve a complete application of the method for accident analysis purposes); 

3. Study was reported in a conference or symposium presentation or paper, industry report; and
4. The article is published in a language other than English.
Data extraction

Each eligible study was screened by two authors (AH, EB). The following data were extracted from each article: (i) authors; (ii) date of publication; (iii) domain; (iv) contributory factors; and, (v) relationships between contributory factors. 
Coding of contributory factors and relationships

Each individual contributory factor was coded based on a thematic classification scheme. The classification scheme contained a total of 79 nodes across six AcciMap levels and was developed iteratively via the use of a qualitative software package (Nvivo 11 for Windows). Frequency counts of the contributory factors and relationships were then undertaken and proportions overall and within each AcciMap level were calculated. Following the classification exercise, a relationship matrix cross tabulating 79 nodes was developed to support the modelling of aggregated relationships via network analysis.
Inter-rater reliability analysis

An inter-rater reliability analysis of the contributory factor coding was undertaken on five studies (Vicente and Christofferson, 2006; Cassano-Piche et al., 2009; Salmon et al., 2010; Stevens & Salmon, 2016; Nayak and Waterson, 2016). This involved a second analyst coding the contributory factors identified in each of the five studies. A total of 156 individual factors were independently coded by two authors (AH, EB) using the classification scheme. Percent agreement and Cohen’s Kappa statistic were calculated based on comparing the coded contributory factors across the two analysts. Across the five studies the analysts achieved a high level of agreement (75.64%, Kappa = 0.749, 95% CI 0.68 to 0.81).
Network analysis

The SocNetV software program was used to convert the matrix into a network diagram which was used to visualise the aggregated relationships among the thematic codes derived from the AcciMap analyses. SocNetV was then used to analyse the multi incident, multi domain AcciMap using the following two centrality metrics:

1. Degree Centrality (DC). DC is used to quantify the number of ties a node has to other nodes in the network. In the present analysis, DC was used to measure how much influence contributory factors have over other contributory factors in the network. For example, in relation to accident causation, nodes with high DC values represent contributory factors that played a large role in the accidents analysed, as they influenced many other contributory factors in the network.
2. Indegree centrality (IC). IC is used to quantify the number of incoming ties a node receives from other nodes in the network. In the present analysis, IC was used to measure how much contributory factors were influenced by other contributory factors in the network. In relation to accident causation, nodes with high IC values represent contributory factors that are influenced by a high number of other contributory factors. 

Results
Studies included
Twenty-three AcciMaps were identified across 21 published articles (two of the articles contained two AcciMaps; Nayak and Waterson, 2016 and Stevens and Salmon, 2016). A summary of the studies included for further analysis is presented in Table 1. 
Table 1. AcciMap studies included in review.

	Study
	Context
	Location
	Data sources
	Levels
	Outcome/severity
	Accidents
	Contributory factors

	Woo and Vicente (2003)
	Public health
	Canada, Saskatchewan, Battleford
	Inquiry report containing mixed methods; 2002
	6
	Drinking water contamination; ~6500 affected/sick
	1
	56

	Vicente (2006)
	Public health
	Canada, Ontario, Walkerton
	Formal commission inquiry report; 2002
	6
	Drinking water contamination; ~2300 affected/sick; 7 fatalities
	1
	32

	Johnson and de Almeida (2008)
	Aerospace
	Brazil
	Official Servico Publico accident report; 2006
	6
	Space vehicle explosion; 21 fatalities & damage
	1
	33

	Cassano-Piche (2009)
	Public health
	UK
	BSE inquiry report & EEA report; 2000-2001
	6
	Food supply chain contamination (BSE); sickness & fatalities
	1
	46

	Jenkins et al. (2010)
	Public health
	UK, London, Stockwell
	IPCC investigation report; 2007
	6
	Firearm (shooting), mistaken identity; single fatality
	1
	44

	Salmon et al. (2010)
	Led outdoor recreation
	UK, Dorset, Lyme Bay
	DCC official inquiry report; 1993
	6
	Students canoeing, separation at sea, capsize; 4 fatalities
	1
	42

	Salmon et al. (2012)
	Led outdoor recreation
	New Zealand, Mangatepopo gorge
	Official organisation report; 2009
	6
	Mangatepopo gorge walking incident, student group drownings; 7 fatalities
	1
	61

	Salmon et al. (2013)
	Transport (rail)
	Australia, Victoria, Kerang
	OCI rail safety investigation report, V/line trains; 2007
	6
	RLC collision, passenger train & semi-tuck; 23 injuries, 11 fatalities
	1
	36

	Salmon et al. (2014a)
	Led outdoor recreation
	New Zealand
	OER NID; 2007 to 2011
	6
	Near-miss incidents; errors; injuries, illnesses & fatalities
	1,014
	38

	Salmon et al. (2014b)
	Emergency response
	Australia, Victoria
	VRBC report; 2010
	6
	Black Saturday bushfires; 73 injuries & 40 fatalities
	1
	71

	Underwood and Waterson (2014)
	Transport (rail)
	UK, Cumbria
	RAIB investigation report; 2011
	6
	Grayrigg train derailment; damage, 30 injuries, single fatality
	1
	56

	Akyuz (2015)
	Maritime
	Information not provided
	MAIB official investigation report; 2014
	6
	Bulk carrier ship grounding
	1
	31

	Chen et al. (2015)
	Transport (rail)
	China
	State Administration of Work Safety; 2011
	5
	Train collision; 192 injuries & 40 fatalities
	1
	

	Fan et al. (2015)
	Civil engineering; 
	China, Harbin City
	Varied data sources, e.g., official report, media; ~2012
	6
	Bridge collapse; structural damages, 5 injuries & 3 fatalities
	1
	19

	Newnam and Goode (2015)
	Transport (road)
	USA
	NTSB investigation reports’ 1996 to 2013
	6
	Heavy road freight vehicle crashes; injuries & fatalities
	27
	62

	Tabibzadeh and Meshkati (2015)
	Oil and gas
	Gulf of Mexico
	Multiple official investigative reports; 2011-2014
	6
	Deepwater Horizon blowout
	1
	66

	Nayak and Waterson (2016)†
	Public health
	UK, South Wales
	Official investigative report; 2009
	5
	Food supply chain contamination e coli; sickness & fatalities
	1
	34

	Stevens and Salmon (2016)†
	Transport (off-road)
	Australia, Fraser Coast, K’gari
	Queensland state coroner inquest report; 2010
	6
	Off-road vehicle rollover; 7 injuries, single fatality
	1
	20

	Kee et al. (2017)‡
	Maritime
	South Korea
	Official BAI Korea report, media sources; 2014
	5
	Sewol passenger ferry capsize; injuries & 304 fatalities
	1
	29

	Lee et al. (2017)
	Maritime
	South Korea
	KMST official report, media
	5
	Sewol passenger ferry capsize; injuries & 304 fatalities
	1
	28

	Salmon et al. (2017b)
	Led outdoor recreation
	Australia
	UPLOADS data from 43 organisations over 3 months
	6
	Near-miss incidents; errors; injuries, illnesses & fatalities
	226
	56


†, indicates that data were extracted only for the second of two accidents; ‡, indicates that data were extracted only for the first of two AcciMaps given that the second model was concerned with the post-incident recovery effort only; BAI, Board of Audit & Inspection; BSE, Bovine Spongiform Encephalopathy; DCC, Devon County Council; EEA, European Environmental Agency; IPCC, Independent Police Complaints Commission; KMST, Korea Maritime Safety Tribunal; MAIB, Maritime Accident Investigation Branch; NTSB, National Transportation Safety Board; OCI, Official Commissioners Inquiry; OER NID, Outdoor Education Recreation National Incident Database; RAIB, Rail Accident Investigation Branch; RLC, Rail Level Crossing; UK, United Kingdom; UPLOADS, Understanding & Preventing Led 
The studies spanned various domains including public health (Woo and Vicente, 2003; Vicente and Christoffersen, 2006; Cassano-Piche, 2009; Waterson, 2009; Nayak and Waterson, 2016), counter-terrorism (Jenkins et al., 2010), disaster response (Salmon et al., 2014b), rail transport (Chen et al., 2015; Salmon et al., 2013; Underwood and Waterson, 2014), road transport (Newnam and Goode, 2015), off-road beach driving (Stevens and Salmon, 2016), maritime (Akyuz, 2015; Kee et al., 2017; Lee et al., 2017) led outdoor recreation (Salmon et al., 2010; Salmon, 2012, 2014a; Salmon et al., 2017b), aerospace (Johnson and de Almeida, 2008), and civil engineering (Fan et al., 2015).
The majority of the studies present AcciMap analyses of individual incidents. Three of the studies presented multiple incident AcciMaps with aggregated factor frequencies and proportions (Salmon et al., 2014a; Newnam & Goode, 2015; Salmon et al., 2017b). Two of these studies did not present any relationships between contributory factors (Salmon et al., 2014; 2017). For example, Salmon et al. (2014a) presents an AcciMap containing the contributory factors involved in 1014 led (instructed or facilitated) outdoor recreation injury incidents; however, due to data limitations the analysis did not consider relationships between the contributory factors.
Classification scheme

The final classification scheme is presented in Table 2. 

Table 2. Generic AcciMap Classification Scheme

	Equipment, environment and surroundings
	Local area government, planning and budgeting & company management

	1. Animal, plant & biological hazards
	44. Communication & coordination

	2. Built environment & infrastructure
	45. Compliance with procedures, violations & unsafe acts

	3. Equipment, technology & resources
	46. Culture

	4. Information & data
	47. Financial pressures

	5. Noise & visibility
	48. Judgement & decision-making

	6. Other
	49. Other

	7. Physical & natural environment
	50. Personnel management & recruitment

	8. Time-related
	51. Planning & preparation

	9. Weather & climate
	52. Policy & procedures

	10. Work environment
	53. Qualification, training, experience & competence

	Physical processes and actor activities
	54. Risk assessment & management

	11. Accident event
	55. Supervision

	12. Activity, work & operations
	56. Time-related

	13. Adverse events
	Regulatory bodies and associations

	14. Communication & coordination
	57. Audits & inspections

	15. Compliance with procedures, violations & unsafe acts
	58. Communication & coordination

	16. Delayed discovery & response
	59. Compliance with procedures, violations & unsafe acts

	17. Equipment, technology & environment
	60. Culture

	18. Group & teamwork 
	61. Financial pressures

	19. Judgement & decision-making
	62. Judgement & decision-making

	20. Other
	63. Planning & preparation

	21. Personnel management & workloads
	64. Qualification, training, experience & competence

	22. Physical & mental condition
	65. Regulatory structures & services

	23. Planning & preparation
	66. Risk assessment & management

	24. Qualification, training, experience & competence
	67. Standards, policy & regulations

	25. Risk assessment & management
	68. Time-related

	26. Situation awareness
	69. Unclear roles & responsibilities

	27. Supervision & leadership
	Government policy and budgeting

	28. Time-related
	70. Action omitted & failure to act

	29. Weather, climate & natural processes
	71. Budget & finance

	Technical and operational management
	72. Communication & coordination

	30. Communication & coordination
	73. Culture

	31. Compliance with procedures, violations & unsafe acts
	74. Judgement & decision-making

	32. Culture
	75. Policy, legislation & regulation

	33. Equipment & environmental design
	76. Political structures & services

	34. Financial pressures
	77. Priorities

	35. Judgement & decision-making
	78. Qualification, training, experience & competence

	36. Other
	79. Supervision & enforcement

	37. Personnel management & recruitment
	

	38. Planning & preparation
	

	39. Policy & procedures
	

	40. Qualification, training, experience & competence
	

	41. Risk assessment & management
	

	42. Supervision
	

	43. Time-related
	


As shown in Table 2, the classification scheme contains a total of 79 contributory factor types across six AcciMap levels. 

Contributory factors

A total of 5,587 individual contributory factors were extracted from the 23 AcciMaps.  All 5,587 contributory factors were coded into one of 79 thematic codes.
Contributory factors were found at all six of the traditional AcciMap levels. The number of contributory factors identified at each level is presented in Table 3.

Table 3. Frequency and proportion of contributory factors across AcciMap levels.
	Contributory Factor
	Frequency
	Overall proportion (%)

	Government policy and budgeting
	122
	2.18

	Regulatory bodies and associations
	114
	2.04

	Local area government, planning and budgeting & company management
	250
	4.47

	Technical and operational management
	414
	7.41

	Physical processes and actor activities
	2992
	53.55

	Equipment, Environment and surroundings
	1695
	30.34


The majority of contributory factors identified reside at the lower two levels of the AcciMap, with 53.55% (2992) residing at the physical processes and actor activities level, and a further 30.34% (1695) residing at the equipment, environment and surroundings level. The next most frequently populated level was the technical and operational management level, containing 7.41% (414) of all contributory factors, followed by the local area government planning and budgeting and company management level (4.47%, 250). Just over 2% of contributory factors were found at each of the top two levels. The analysis shows that there is a concentration at the lowest two levels (i.e., ‘Equipment, Environment and surroundings’ and ‘Physical processes and actor activities’).
The frequency and proportion of different contributory factor types overall and within each AcciMap level is presented in Figure 1. Within Figure 1 each node includes the contributory code, the number of times it was identified, the percentage proportion of contributory factors within that codes specific AcciMap level, and the percentage proportion of all 5,587 contributory factors.
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Figure 1. Frequency and proportion of contributory factors across different AcciMap levels (from left to right in order of frequency). Darker shading denotes the top three most frequently identified contributory factors at each level.

The most frequently identified contributory factors were ‘Judgement and decision making’ (605 representing 10.83% of all contributory factors), and ‘Compliance, violations and unsafe acts’ (601, 10.76%) at the physical processes and actor activity levels. The next most frequently identified contributory factors were ‘Physical and natural environment’ (554, 9.92%) and ‘Equipment, technology and resources’ (522, 9.34%) at the equipment and surroundings level. ‘Qualification, training, experience & competence’ (462, 8.27%) and ‘Physical and mental condition’ (451, 8.07%) at the physical process and actor activity levels. Together these contributory factors represent over 50% of all contributory factors reported in the 23 AcciMap studies.
The most commonly identified contributory factors at the equipment, environment and surroundings level were physical and natural environment factors (554, 32.68%), equipment, technology and resources (522, 30.80%), and weather and climate (256, 15.10%). At the Physical processes and actor activities level the most commonly identified contributory factors were judgement and decision making (605, 20.22%) compliance with procedures, violations and unsafe acts (601, 20.09%), and qualification, experience and competence (462, 15.07%). At the third level, Technical and operational management, the three most commonly identified contributory factors were planning and preparation (127, 30.68%), compliance with procedures, violations and unsafe acts (58, 14.01%), and personnel management and recruitment (46, 11.11%). At the local area government level, the most commonly identified contributory factors include risk assessment and management (68, 27.20%), qualification, training, experience and competence (45, 18%), and policy and procedures (30, 12%). The most commonly identified contributory factors at the regulatory bodies and associations level were standards, policy and regulations (21, 18.42%), communication and coordination (16, 14.04%), and judgement and decision making (15, 13.16%). At the highest level, Government policy and budgeting, the most commonly identified contributory factors were policy, legislation and regulation (35, 28.69%), action omitted and failure to act (23, 18.85%), and judgement and decision making (16, 13.11%).
Relationships between contributory factors
An AcciMap showing the relationships between all contributory factors is presented in Figure 2. 
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Figure 2. AcciMap showing all contributory Factors and relationships; nodes are sized based on degree of connectedness with other nodes in the network. Nodes are numbered based on the contributory factor classification scheme presented Table 1.
Centrality analysis
Indegree and outdegree centrality was calculated for the network, giving each node an indegree and outdegree centrality value. The top ten nodes based on indegree centrality and outdegree centrality are presented in Table 4. 
Table 4. Top ten nodes based on indegree and outdegree centrality analysis
	
	Outdegree centrality
	Indegree centrality

	1
	Physical processes and actor activities: Compliance with procedures, violations & unsafe acts
	Physical processes and actor activities: Compliance with procedures, violations & unsafe acts

	2
	Technical and operational management: Compliance with procedures, violations & unsafe acts
	Physical processes and actor activities: Judgement & decision making

	3
	Equipment, environment & surroundings: Equipment, technology & resources
	Technical and operational management: Compliance with procedures, violations & unsafe acts

	4
	Technical and operational management: Qualification, training, experience & competence
	Physical processes and actor activities: Adverse events

	5
	Physical processes and actor activities: Qualifications, training, experience & competence
	Physical processes and actor activities: Qualifications, training, experience & competence

	6
	Physical processes and actor activities: Equipment, technology & environment
	Physical processes and actor activities: Equipment, technology & environment

	7
	Government policy & budgeting: Policy, legislation & regulation
	Equipment, environment & surroundings: Equipment, technology & resources

	8
	Local area government, planning and budgeting & company management: risk assessment & management
	Physical processes and actor activities: Delayed recovery & response

	9
	Equipment, environment & surroundings: Physical & natural environment
	Equipment, environment & surroundings: Built environment & infrastructure

	10
	Equipment, environment & surroundings: Built environment & infrastructure
	Physical processes and actor activities: Accident event


The nodes with the highest outdegree centrality values were compliance with procedures, violations and unsafe acts (Physical processes and actor activities level), compliance with procedures, violations and unsafe acts (Technical and operational management level), and equipment, technology and resources (Equipment, environment and surroundings level). These three nodes were therefore the most connected in terms of outgoing relationships to other nodes, suggesting that had a key influence on other nodes in the network. The nodes with the highest indegree centrality values were compliance with procedures, violations and unsafe acts (Physical processes and actor activities level), judgement and decision making (Physical processes and actor activities level), and compliance with procedures, violations and unsafe acts (Technical and operational management level). These three nodes were therefore the most connected in terms of incoming relationships from other nodes, suggesting that were heavily influenced by other nodes in the network.
A common causal network

Figure 3 presents an AcciMap including the contributory factor types that each represented over 10% of all contributory factors identified at each AcciMap level as well as the relationships between them identified in the AcciMap analyses reviewed.
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Figure 3. Most commonly occurring contributory factors represented in a network including relationships between factors specified in the AcciMaps reviewed.

The prominent factors at the lower two AcciMap levels included factors relating to operator behaviour (e.g. physical and mental condition, judgement and decision making, qualifications, training, experience, and competence, compliance with procedures, violations and unsafe acts) and the local environment (e.g. equipment, technology and resources, physical and natural environment, weather). 

At the technical and operational management level, prominent factors included planning and preparation, personnel management and recruitment, and compliance with procedures, violations and unsafe acts. At the local area government and company management level policy and procedures, communication and coordination, risk assessment and management, and qualifications, training, experience and competence were the most prominent. At the regulatory bodies and associations level, risk assessment and management and communication and coordination were again present, along with judgement and decision making and standards, policy and regulation. Finally, at the government policy and budgeting level prominent factors included action omitted/failure to act, judgement and decision making, policy legislation and regulation, and political structures and services.

Discussion
This article describes the findings from a study that aimed to review and synthesise the AcciMap analyses published to date in the peer-reviewed literature. A classification scheme containing 79 contributory factor types was used to classify a total of 5,587 contributory factors across the six standard AcciMap levels: government policy and budgeting (122); regulatory bodies and associations (114); local area government planning & budgeting (250); technical and operational management (414); physical processes and actor activities (2992); and equipment and surroundings (1695). As contributory factors were found across all six levels, these findings provide support for many of the tenets of Rasmussen’s risk management framework (Rasmussen, 1997). Specifically, the findings confirm that accidents are created by multiple contributory factors relating to the decisions and actions of multiple actors across all levels of work and societal systems (Rasmussen, 1997). Notably, the findings suggest that these tenets apply regardless of domain or severity, with multiple interacting contributory factors being reported in all studies which were undertaken in multiple domains and covered both minor injury (Salmon et al., 2014a) and major multi-fatality incidents (e.g. Kee et al., 2017).
The findings also provide insight into how AcciMap is being used, and how consistent applications are with Rasmussen’s (1997) underpinning risk management framework. The findings revealed that over 80% of the contributory factors included in published AcciMap analyses reside at the physical processes and actor activities and equipment and surroundings levels. In addition, over 50% of all contributory factors were found to relate specifically to human operators at the so called ‘sharp-end’ of system operations (e.g. pilots, control room operators, drivers, activity leaders). Finally, the most frequently identified contributory factors were ‘judgement and decision making’ and ‘compliance, violations and unsafe acts’ at the physical processes and actor activity levels. These findings indicate that AcciMap may be being used in a manner that is more consistent with the old view on safety and accident causation (Dekker, 2002). That is, despite its intended focus on the role of decisions and actions beyond the sharp-end and including those made by actors up to and including regulatory bodies and government, most contributory factors identified in AcciMap analyses relate specifically to sharp-end human operators and their environment. Whilst there may be various reasons for this, including data limitations and the fact that relatively fewer contributory factors may exist at higher system levels (e.g. Government and regulators), the implications for developing and communicating AcciMap analyses are nonetheless important. Education and clear communication are required to ensure that AcciMap analyses are not misconstrued and used to apportion blame to ‘sharp-end’ operators (although these data are often easier to collect and attribute compare to the ‘blunt end’ system factors). Rather, emphasis should be placed on the ‘network’ of contributory factors and on the influence that other contributory factors have on sharp-end operator behaviour. Further work is also required to ensure that, when constructing AcciMaps, an emphasis is placed on identifying contributory factors beyond the equipment and surroundings and physical processes and actor activities level. This requires improvements both to safety-related data systems, accident investigation processes, accident analysis reporting, and also education for researchers, practitioners, and accident investigators. Finally, further research is required to investigate whether the disproportionate representation of contributory factors across system levels is a characteristic of accident causation or is in fact a function of limited investigation and analysis processes. 
A generic network of accident causation

Following Turner (1978), one of the stated aims of this study was to explore whether there is a common or recurring set of contributory factors that play a role in accidents, regardless of the domain in which they occur. A classification scheme comprising seventy-nine contributory factor types was able to code all of the 5,587 contributory factors reported across the 23 studies (see Table 2). Although it is acknowledged that the classification scheme descriptions are high level, the 79 contributory factors included nonetheless cover all contributory factors reported in published AcciMap analyses. In addition, of the contributory factors coded, several were frequently identified across the 23 studies. Two notable findings are relevant here.
First, several contributory factor types were prominent at more than one of the six AcciMap levels. These included ‘compliance, violations and unsafe acts’, ‘judgement and decision making’, ‘qualification, training, experience and competence’, ‘communication and coordination’, ‘risk assessment and management’, and ‘policy, legislation and regulation’.  Whilst many of these contributory factors are those typically associated with sharp-end operators (e.g. judgement and decision making, unsafe acts, experience and training), the analysis shows that AcciMap analyses are finding them across multiple levels of accident systems. Whilst this may be unsurprising to some, it represents an important counter-point to sharp-end focussed accident models and investigation and analysis methods (Harvey and Stanton, 2014). It is worth noting, for example, that accident investigations do not typically seek out such contributory factors relating to individual human operators at higher levels of work systems (e.g. Government officials, regulators, managers). Rather, the focus is more often on failed or absent controls such as regulatory systems, government legislation, company policy, and risk management tools. These findings also bring into question existing accident analysis method taxonomies, such as that adopted by HFACS, which only consider factors such as unsafe acts, training, experience and competence in relation to human operators working at the sharp-end. The presence of such factors across multiple system levels in the AcciMaps reviewed suggests that such taxonomies should be applied across all levels of the system up to and including the government policy and budgeting level. Indeed, the absence of such an approach when using taxonomy-based methods suggests that previous analyses may have overlooked important contributory factors at other system levels. 
Second, the identification of commonly occurring and highly connected contributory factors suggests that there could be a set of powerful ‘leverage points’ to be targeted when developing accident prevention strategies. Leverage points represent areas in a system where small intervention can create large and significant effects on the system’s behaviour (Meadows, 1999). In the present study, such leverage points can be identified by looking at the higher AcciMap levels for contributory factors that were consistently identified across the AcciMap studies and had a high degree of connectedness with other contributory factors. The present analysis that training, experience and competence of supervisors and managers, risk assessment and management, and government policy, legislation and regulation represent key leverage points to focus on in accident prevention and safety management activities. As argued by Rasmussen (1997), Reason (1990), Leveson (2004) the decision and actions of sharp-end operators are often symptomatic of wider systemic issues. This study has outlined specifically what some of these wider systemic issues may be.
A generic AcciMap contributory factor classification scheme

Many have argued that the utility, reliability and validity of AcciMap could be enhanced through the provision of a classification scheme to support analysts in identifying and coding contributory factors (Salmon et al., 2012; Goode et al., 2017; Newnam et al., 2017; Stanton et al., 2019). A contribution of this study is therefore the development and provision of a new classification scheme that can be used to classify contributory factors in future AcciMap analyses. The classification scheme, presented as an Appendix, comprises seventy-nine contributory factor codes spanning the six AcciMap levels. Importantly, the classification scheme is generic and was developed based on AcciMap studies across multiple domains, and so can be used to support future analyses in any domain. Future use of the classification scheme as part of AcciMap analyses will enable a comparison of AcciMap studies both within and across domains and will allow researchers and practitioners to analyse multi-incident data sets using AcciMap (e.g., Newnam et al., 2017; Salmon et al., 2014a; 2017).
Study limitations

This study has three limitations that should be noted. First, the inclusion and exclusion criteria led to the exclusion of several AcciMap analyses published in conference articles and the grey literature. Whilst this meant that the review was not entirely comprehensive, the inclusion and exclusion criteria were designed to ensure that the AcciMaps included in the review were developed with sufficient rigour and to a standard that is required for publication in the peer reviewed literature. Second, as the review was completed in 2018, it may be that recently published AcciMap studies have been overlooked. It is therefore recommended that future AcciMap review studies are undertaken using the method presented in this paper in order to truly learn from disasters. Third and finally, the analysis was based on AcciMaps developed by other researchers, some of which tested aspects such as reliability and validity of their analysis, some of which did not. As such, it is not possible to verify the validity of all AcciMaps included in the present study. 
Conclusion

This study involved the development of a multi-domain, multi-incident AcciMap based on previously published AcciMap analyses from a range of safety critical domains. The resulting AcciMap contains 5,587 contributory factors spanning seventy-nine distinct contributory factor types. The findings reveal that, paradoxically, the majority of contributory factors identified in AcciMap analyses are those associated with the ‘sharp-end’ of system operation. Additionally, contributory factors previously only associated with sharp-end human operators were also prominent across multiple levels of the systems in which AcciMap has been applied. It is concluded that both education and improvements to data collection systems may be required to ensure that AcciMap is applied in a manner that is consistent with its theoretical underpinning (Rasmussen, 1997) and further that analysts may benefit from using an appropriate AcciMap classification scheme. It is therefore recommended that the generic classification developed through the present study is used to support future AcciMap analyses. 
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Appendix 1. Contributory factor types and associated examples from AcciMap studies.
	Equipment, environment and surroundings
	Individual contributory factor example

	1. Animal, plant & biological hazards
	· High Cryptosporidium parvum concentrate in calf faeces

· BSE highly infective (<1 gr. to transmit)

· Frequency of BSE in a single herd

· Prion protein maturation in cattle/ sheep

· Plant hazard

	2. Built environment & infrastructure
	· Shallow location of Well 5

· Curve in road

· Ageing power infrastructure

· Lack of refuge/ shelter options

· Road design

	3. Equipment, technology & resources
	· Old equipment in sewage plant

· No chlorinator installed on Well 7

· Radios not waterproof and turned off

· Lack of boom gates at crossing

· Mud-gas separator was overloaded and failed

	4. Information & data
	· Incomplete Metservice weather report

· Documentation

· <no more entries>

	5. Noise & visibility
	· Room 1600 noisy

· High noise levels

· Sun glare from road surface

· Reduced daylight in winter

· Poor visibility (at sea)

	6. Other
	· So12 observer ‘Frank’ urinating at moment JCdM left the building

· Public unaware of dangers

· Authorities reluctant to enforce guidelines

· EHOs not motivated

· Activity environment other

	7. Physical & natural environment
	· Fractured bedrock

· Trees in close proximity to crossing

· Dry forest & grasslands/high fuel load

· Change from hard to soft sand

· Trees and vegetation

	8. Time-related
	· Long incubation period for BSE

· Time of day

· Police warning siren issued late

· Limited time for inspections

· Delayed departure due to fog

	9. Weather & climate
	· Drought conditions preceding incident

· Heavy rain

· Cold temperature

· Wind conditions

· Adverse weather conditions

	10. Work environment
	· Poor and improper work environment

· Road works/closures

· Serviceability and maintenance

· The attempt to activate the EDS and close the blind shear ram

· Narrow drilling margins (narrow pore pressure/fracture gradient)

	Physical processes and actor activities
	

	11. Accident event
	· Illness within the community

· 21 works dead

· >80 people died from vCJD

· Drownings

· D301 rear-ended D3115 (trains collided)

	12. Activity, work & operations
	· Feed mill practices

· VIC SES evac residents

· Enforcement border check points

· Rapid deceleration

· The ship made a sharp turn

	13. Adverse events
	· Contaminated water distributed

· VLS1 V03 explodes and burns

· Critical event BSE enters animal and human food chain

· Group stranded on ledge

· Vehicle rollover

	14. Communication & coordination
	· STOP interpreted as kill

· Comms failures

· Language barriers

· Crew did not consult with executive onboard

· Delays in notifying proper authorities

	15. Compliance with procedures, violations & unsafe acts
	· Improper handling, removal and disposal of SBO

· Inability to adequately ID JCdM before entering tube

· Failure to complete incident reports

· Patrol procedures not followed

· Driver ignores request to slow down

	16. Delayed discovery & response
	· Contamination undetected

· Delayed discovery of source E. coli

· Delayed evacuation

· Difficult to identify loosening of PSWB nuts

· Delayed emergency response

	17. Equipment, technology & environment
	· Reuse of threaded fasteners

· Failure and separation of third stretcher bar

· Vibration from train wheelsets

· Entered into the occlusive section (driver of train D3115)

· Several containers fell over and moved to one side

	18. Group & teamwork 
	· Rafting together of group

· Loss of contact between groups

· Slow progress of group

· Attachment of students to one another

· Activity group factors: Group composition

	19. Judgement & decision-making
	· Decisions to undertake full gorge trip

· Resources allocated to Kilmore fire

· Steered with a high speed in occlusive section

· Captain did not evacuate passengers off the ship

· Activity Leader: Judgement and decision making

	20. Other
	· Participant factors

· Instructor factors

· Other actions

· Activity Participant: Other

· Activity group factors: other

	21. Personnel management & workloads
	· Understaffed at both facilities

· Increased work load

· Co-driver: work schedule leading up to incident

· Enforcement: state department of safety officers

· Too many tasks taken up by William Tudor

	22. Physical & mental condition
	· Co-driver sleepiness/ fatigue

· HV Driver: sleepiness or fatigue (heavy vehicle)

· Activity leader: Mental and physical condition

· Activity Participant: mental and physical condition

· Other people in activity environ: Mental & physical condition

	23. Planning & preparation
	· Changes to work plan

· Inadequate / inappropriate plan and instructions

· Fire plan failures

· HV driver: trip planning (heavy vehicle)

· Activity leader: Planning and preparation

	24. Qualification, training, experience & competence
	· Inability to right capsized kayak

· Unconfident swimmers in group

· Staff competence

· Lack of driver training

· Activity Leader: Experience, qualifications, competence

	25. Risk assessment & management
	· Near miss incidents

· Lack of protection for oval evacuees

· Routine basic inspections

· Missed inspection not identified

· Inspection not reinstated

	26. Situation awareness
	· Driver unaware of issues with crossing

· Failure of driver to notice train until close to crossing

· Failure of driver to notice stationary vehicle at crossing

· HV Driver distraction (heavy vehicle)

· Activity leader: Situation awareness

	27. Supervision & leadership
	· Supervisor factors

· Student leader factors

· Lack of supervision

· Activity leader: Supervision or leadership of activity

· Other people in activity group: supervision of activity

	28. Time-related
	· Delay in departing depot

· Police warning siren issued too late

· Limited time for inspections

· Pressure to catch-up

· Delayed departure due to fog

	29. Weather, climate & natural processes
	· Heavy rain

· Effects of gravity on canted track

· The thunderstorm weather

· Poor restoring force

· <no more entries>

	Technical and operational management
	

	30. Communication & coordination
	· Poor coordination between CFA/DSE

· Poor communication with instructors and participants

· Mgmt. did not communicate uncertainties/challenges with cement slurry to onboard crew

· Miscommunication about driver roles

· Coastguard given wrong information about missing student

	31. Compliance with procedures, violations & unsafe acts
	· Failure to comply with SBO bans

· Failure to consolidate conflicting ID reports

· FM distracted by/preoccupied with auditor

· Poor maintenance

· Lack of regard for hygiene practices

	32. Culture
	· Culture opposed to continuing education

· Culture of non-compliance

· Bad record

· Culture of non-compliance with monitoring and reporting

· Culture of non-involvement in operation by WPUC persons

	33. Equipment & environmental design
	· Tower design and building

· VLS1 rocket design

· Inadequate design of PWSB switch rail joint

· Inadequate of cleaning equipment

· Insufficient equipment and systems

	34. Financial pressures
	· Economic pressure

· There was pressure for time and cost saving

· Too expensive to carry out routine testing

· Desire for high output and profits

· Budget constraints

	35. Judgement & decision-making
	· Instructor belief that she was competent for upstream trip

· Oversight of driver

· There were last minute changes to some critical procedures; e.g. NPT

· Supervisors/field managers: Judgement and decision making

· Oversight by coastguard

	36. Other
	· Design rescue services

· Vehicle manufacturers

· Construction company

· No symptoms exhibited by infected animals

· <no more entries>

	37. Personnel management & recruitment
	· High participant to staff ratio

· Lack of staff

· Staff recruitment

· Driver selection

· Operator responsible for food safety

	38. Planning & preparation
	· Unclear distribution of officer role

· Planning of work schedules

· No document system in place

· No protocol for cleaning

· Supervisors/field managers: activity or program design

	39. Policy & procedures
	· No policy for record review

· Track access policies

· Policies and procedures

· There was no documented procedure for well-control tests

· Regulations too complex to understand

	40. Qualification, training, experience & competence
	· Inadequate operator training

· Lack of knowledgeable plant foreman

· Inexperience IC appointed

· Lack of sufficient training

· Exercise not suitable for novices

	41. Risk assessment & management
	· Risk management

· Infrastructure manager inspection

· Substituted inspection report procedures

· Medical, drug and alcohol testing

· Fatigue management programs

	42. Supervision
	· Poor supervision on overload

· BP's management did not adequately supervise

· Supervisors/field managers: supervision of activity leaders

· Supervisors/field managers: supervision of program

· Lack of an integrated, informed management

	43. Time-related
	· Late loading of freight truck

· There was pressure for time and cost saving

· <no more entries>

	Local area government, planning and budgeting & company management
	· 

	44. Communication & coordination
	· Lack of clear role for municipalities in response to boil water advisories

· Failure to define and communicate operation type

· Confusion over roles and responsibilities

· Failed to contact train dispatcher several times

· Higher level management: communication

	45. Compliance with procedures, violations & unsafe acts
	· Failure of Devon County Council to inspect centre

· Southway staff failure to follow staff handbook for recreational activities

· Allowance of routine policy violations

· Failure to follow MOC processes

· Cheonghaejin regularly overloaded the Sewol with cargo

	46. Culture
	· Culture of non-involvement in operations of waterworks

· Rain or shine culture

· Commercial pressure on master

· Ship operator culture

· Higher level management: organisational culture

	47. Financial pressures
	· Fiscal restraint

· Rescue services budget

· Budget constraints

· Financial and production pressures

· Economic pressure

	48. Judgement & decision-making
	· Poor understanding of other agencies

· Chain of comm and confused

· Underestimation of risk/difficulty associated with upstream gorge trip

· Company’s lack of awareness of route issues

· Incorrect perceptions of PWSB risk

	49. Other
	· Launch centre of Alcantara

· Emergency health services

· Letter from train operator to track manager

· <no more entries>

	50. Personnel management & recruitment
	· Inadequate staffing levels of meat inspectors

· Veterinary recruitment

· High staff turnover

· Personnel management issues

· Reduced number of EHOs and use of consultants

	51. Planning & preparation
	· Regional or local plans

· Lack of contingency plan to deal with suspect on public transport

· Poorly designed adventure program

· IMT not in place before fire starts

· Faulty calculation in design

	52. Policy & procedures
	· Unwritten policy of ignoring SERM’s advice

· Enforcement of RFB and SBO regulations

· Inadequate emergency procedures

· Poor/inadequate activity policy

· No standards or procedures on recuse of threaded fasteners

	53. Qualification, training, experience & competence
	· Company employed instructors without recommended BCU qualifications

· Inadequate induction/ mentoring/ training systems

· Lack of asset condition knowledge

· Senior EHOs either untrained or inexperienced

· Higher level management: Training and evaluation of staff

	54. Risk assessment & management
	· RAMS system inadequate

· Poor/lack of risk management system

· Approach to risk assessment

· Inadequate audits of asset condition and maintenance activity

· A number of inconsistencies and conflicts within the ships SMS

	55. Supervision
	· Lack of IMT supervision (Incident management team)

· Supervisor company with poor performance

· Lack of an integrated, informed management

· Higher level management: supervision of staff

· Higher level management: supervision of programs

	56. Time-related
	· Time limitation

· <no more entries>

	REGULATORY BODIES & ASSOCIATIONS
	

	57. Audits & inspections
	· Lenient inspection program

· Inspection program

· No review of the Southwood Report by MAFF or DH

· Inadequate auditing system

· Crossing assessed using ALCAM

	58. Communication & coordination
	· Lack of clarity on different operational types

· Lack of communication between master and pilot

· Lack of coordination between VTS and pilot (vessel traffic service)

· Federal motor carrier safety administration: communication

· The KSA and KRS that set the weight limit never appear to have communicated with each other

	59. Compliance with procedures, violations & unsafe acts
	· Ineffective SERM oversight

· Accreditation body failed to inspect sea activities

· Failure of auditor to pick up/ question risk associated with planned activity

· Parents failed to pick up participants

· Industry failure to identify equipment issues

	60. Culture
	· System Centred around a risk-based model

· Culture of secrecy

· <no more entries>

	61. Financial pressures
	· DWS deem water guidelines for viruses/protoza too expensive

· <no more entries>

	62. Judgement & decision-making
	· Contradictory views

· Crossing added to State government's prioritisation list

· Decisions to not upgrade crossing to fully active controls

· Parents judgment error on fitness for camp

· Federal motor carrier safety administration: decisions and actions

	63. Planning & preparation
	· Safety planning

· Failure to address radios not working underground (identified 1987, kings cross fire)

· No sufficient assistance was provided by VTS to pilot (vessel traffic service)

· No guidelines for interpreting some critical well control procedures

· No requirement by the industry to document lessons learned of critical procedures

	64. Qualification, training, experience & competence
	· Voluntary Operator certification and training

· Operator certification and training

· SO12 not trained to apprehend armed targets

· Lack of multiagency training and awareness

· Lack of training in shoot to kill scenarios

	65. Regulatory structures & services
	· Re-organisation of SERM

· No one regulatory body in charge

· Absence of an outdoor centre regulator or licensing body

· Lack of an outdoor industry regulator or licensing body

· <no more entries>

	66. Risk assessment & management
	· No threat or risk assessment to consider miss-ID

· Crossing ranked 140 out of 143 on prioritisation list

· Inaccurate activity rating system

· Korea Shipping Association - lack of independence in the position of marine operating inspector

· The Incheon Coast Guard failed to catch Sewol's overloading (Sewol's paperwork incorrect)

	67. Standards, policy & regulations
	· Lack of compliance & enforcement policy

· Voluntary compliance policy

· Standards do not require immediate crossing upgrade

· Building codes inadequate provision for fire protection

· Unapplied standards

	68. Time-related
	· Degree of infectivity not known until 1994

· Time pressure

· Late arrival of group

· <no more entries>

	69. Unclear roles & responsibilities
	· Unclear roles & response’ for all involved in potable water

· Over reliance on SEAC (workload & expertise)

· <no more entries>

	GOVERNMENT POLICY & BUDGETING
	· 

	70. Action omitted & failure to act
	· Failure to declare state of emergency

· Failure to upgrade ageing power infrastructure

· Failing to report incident local authorities on time

· Insufficient navigation aids marked by local authorities

· Contract awarded without inspection

	71. Budget & finance
	· Provincial Budget Cutbacks

· Cost cutting

· Budget cutbacks & fear of financial consequences

· Insufficient investment in new technologies

· Lowered annual budget

	72. Communication & coordination
	· Ambiguous direction given by CDI

· VIC EM council inform minister that all is prepared

· Inappropriate delegation of authority down command chain

· No definition of responsibility

· State department of transport: communication

	73. Culture
	· Anti-regulatory culture

· Culture of delegation

· ‘Light-touch’ approach

· Culture of society – neoliberalism, limitless competition, quick and safety negligence

· <no more entries>

	74. Judgement & decision-making
	· Delays in resource release

· State department of transport: decisions and actions

· State department of public safety Decisions and actions

· Underestimating the importance of detailed regulation

· Underestimation of transport risks

	75. Policy, legislation & regulation
	· Existing legislation inadequate for BSE

· Euro Law imposed funding for official veterinary surgeons

· No government legislation to control activity centres

· Lack of legislation covering health and safety

· 1995 regulations less prescriptive

	76. Political structures & services
	· Air force command

· Ministry of Labour and employment

· Organisational structure of agencies involved

· Vic police functions divided between 3 units

· Actions of other organisations

	77. Priorities
	· Government priorities

· Legal aspects were the focus of their work

· Pro-business policy

· <no more entries>

	78. Qualification, training, experience & competence
	· Political constraints: no hire, retirement, training, etc.

· Lack of community education

· <no more entries>

	79. Supervision & enforcement
	· Poor supervision

· No rigorous enforcement

· No legal authority for meat hygiene service (MHS)

· No oversight from the government

· Lack of a central authoritative or oversight


