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Abstract 

he AcciMap technique is now arguably the most popular new 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 extractedand thematically coded to 

form a single multi-domain, multi-incident AcciMap. The resulting Super 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 

incidents 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 x, y and z discussed. 
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Introduction 

Accident analysis efforts are increasingly being supported by a core set of state-of-the-art 

systems thinking-based accident analysis methods (Harvey and Stanton, 2014; Hulme et al., 

2019; Salmon et al., 2017; 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 the domains of road, rail, aviation, maritime, 

space exploration, mining, emergency services, disaster response, public health, outdoor 

recreation, construction, nuclear power, oil and gas, and the military from 73 published 

analyses (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; Stanton and Harvey, 2017). 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. This has 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.  

 

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 not possible 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 (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., 2017; 

Waterson et al., 2017; Stanton et al, 2019). 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…. 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.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 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 ‘Super’ AcciMap was then interrogated with network analysis 

metrics to explore commonalities in accident causation across the application domains. 

 

Method 

The study involved a review and synthesis of AcciMap analyses published in the peer 

reviewed literature since the method was formally introduced in 1997 (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; 

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); and, 

3. Information sources were original peer reviewed journal articles published in English. 

 

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); and, 

3. Study was reported in a book, conference or symposium presentation or paper, 

industry report, or article 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 (Vincente 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 (k) 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%, K = 0.749, 95% CI 0.6804 to 0.8176). 

 

Network analysis 

The SocNetV software program was used to convert the matrix into a network diagram 

which was used to visualised 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. To compute Degree 

Centralization (or Group Degree Centrality), SocNetV uses Freeman's formula. 

 

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 Data sources Levels Outcome/severity Accidents Contributory 

factors 
Woo and Vicente 
(2003) 

Public health; Battleford, 
Saskatchewan, Canada 

Inquiry report containing mixed methods; 
2002 

6 Drinking water contamination; ~6500 affected/sick 1 56 

Vicente (2006) Public health; Walkerton, Ontario, 
Canada 

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; Stockwell, London, UK IPCC investigation report; 2007 6 Firearm (shooting), mistaken identity; single fatality 1 44 
Salmon et al. (2010) Led outdoor recreation; Lyme Bay, 

Dorset, UK 
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 

Official organisation report; 2009 6 Mangatepopo gorge walking incident, student group 
drownings; 7 fatalities 

1 61 

Salmon et al. (2013) Transport (rail); Victoria, Australia 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; Victoria, 
Australia 

VRBC report; 2010 6 Black Saturday bushfires; 73 injuries & 40 fatalities 1 71 

Underwood and 
Waterson (2014) 

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

Akyuz (2015) Maritime 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; Harbin City, China 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 Multiple official investigative reports; 2011-
2014 

6 Deepwater Horizon blowout 1 66 

Nayak and 
Waterson (2016)† 

Public health; South Wales, UK Official investigative report; 2009 5 Food supply chain contamination e coli; sickness & fatalities 1 34 

Stevens and Salmon 
(2016)† 

Transport (off-road); Fraser Coast, 
Australia 

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 Outdoor Accidents Data System; USA, United States of America; VRBC, Victorian Royal Bushfires Commission. 



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., 

2014), 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., 2014; Newnam & Goode, 2016; Salmon et al., 2017). Two of 

these studies did not present any relationships between contributory factors (Salmon et al., 

2014; 2017). For example, Salmon et al. (2014) presents an AcciMap containing the 

contributory factors involved in 1014 led 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 1, 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. This analysis shows that there 

is a concentration at the lowest two levels (i.e., ‘Equipment, Environment and surroundings’ 

and ‘Physical processes and actor activities’), which suggests that there is still much work to 

be done to get analysts to understand and represent the influence of broader system 

factors. 



 

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. 



Government policy 
and budgeting

Regulatory bodies 
& associations

Local area 
Government 
planning & 
budgeting, 
Company 

management

Technical & 
operational 

management

Physical 
processes & 

actor activities

Equipment & 
surroundings

Animal, plant & 
biological 

hazard
139, 8.20%

2.49%

Built 
environment & 
infrastructure
111, 6.55%

1.99%

Equipment, 
technology & 

resources
522, 30.80%

9.34%

Information & 
data

7, 0.41%
0.13%

Noise & visibility
57, 3.36%

1.02%

Physical and 
natural 

environment
554, 32.68%

9.92%

Work 
environment, 18, 

1.06%
 0.32&

Time-related
8, 0.47%

0.14%

Weather & 
climate

256, 15.10%
4.58%

Other
23, 1.36%

0.41%

Adverse events
20, 0.67%

0.36%

Compliance, 
violations & 
unsafe acts
601, 20.09%

10.76%

Equipment, 
technology & 
environment
33, 1.10%

0.59%

Judgement & 
decision making, 

605, 10.83%
20.22%

Physical & 
mental condition

451, 15.07%
8.07%

Qualification, 
training, experience 

& competence
462, 15.44%, 

8.27%

Equipment, 
technology & 

resources
522, 30.80%

9.92%

Supervision & 
leadership

345%, 11.53%
6.18%

Weather & 
climate

4, 0.13%
0.07%

Other
34, 1.14%

0.61%

Activity, work & 
operations
15, 0.50%

0.27%

Communication 
& coordination
176, 5.58%, 

2.99%

Delayed 
recovery and 

response
13, 0.43%

0.23%

Group & 
teamwork
69, 2.31%

1.24%

Personnel 
management & 

workloads
21, 0.70%

0.38%

Planning & 
preparation
53, 1.77%

0.95%

Risk 
assessment & 
management

9, 0.30%
0.16%

Situation 
awareness
69, 2.31%

1.24%

Time-related
10, 0.33%

0.18%

Accident event
11, 0.37%

0.20%

Equipment & 
environmental 

design
22, 5.31%

0.39%

Compliance, 
violations & 
unsafe acts
58, 14.01%

1.04%

Policy & 
procedures, 
13, 3.14%, 

0.23%

Judgement & 
decision making 

22, 5.31%, 
0.39% 

Risk 
assessment & 
management
38, 9.18%,

0.68%

Qualification, 
training, experience 

& competence
27, 6.52%,

0.48%

Other
6, 1.45%

0.11%

Culture
5, 1.21%,

0.09

Communication 
& coordination

22, 5.31%, 
0.39%

Financial 
pressures
4, 0.97%,

0.09%

Supervision
22, 5.31%

0.39%

Personnel 
management & 

recruitment
46, 11.11%,

0.82%

Planning & 
preparation

127, 30.68%, 
2.27%

Time-related
2, 0.48%

0.04%

Time-related
1, 0.40%, 

0.02

Compliance, 
violations & 
unsafe acts

15, 6%, 
0.27%

Policy & 
procedures
30, 12%, 

0.54%

Judgement & 
decision making 

15, 6%, 
0.27%

Risk 
assessment & 
management
68, 27.20%, 

1.22%

Qualification, 
training, experience 

& competence
45, 18%, 

0.81%

Other
3, 1.20%

0.05%

Culture
8, 3.20%, 

0.82%

Communication 
& coordination
27, 10.80%, 

0.48%

Financial 
pressures
7, 2.80%, 

0.13%

Supervision
7, 2.80%, 

0.13%

Personnel 
management & 

recruitment
12, 4.80%, 

0.21%

Planning & 
preparation
12, 4.80%, 

0.21%

Culture
2, 1.75%, 

0.04%

Compliance, 
violations & 
unsafe acts
10, 8.77%, 

0.18%

Time-related
8, 7.02%, 

0.14%

Judgement & 
decision making 

15, 13.16%, 
0.27%

Risk 
assessment & 
management
13, 11.40%, 

0.11%

Qualification, 
training, experience 

& competence
6, 5.26%, 

0.11%

Unclear roles & 
responsibilities

2, 1.75%, 
0.04%

Audits & 
inspections
7, 6.14%, 

0.13%

Communication 
& coordination
16, 14.04%, 

0.29%

Financial 
pressures
1, 0.88%, 

0.02%

Regulatory 
structures & 

services
4, 3.51%, 

0.07%

Standards, 
policy & 

regulation
21, 18.42%, 

0.38%

Planning & 
preparation
9, 7.89%, 

0.16%

Budget & 
finance

10, 8.20%, 
0.18%

Culture
4, 3.78%, 

0.07%

Political 
structures & 

services
13, 10.66%, 

0.23%

Judgement & 
decision making 

16, 13.11%, 
0.29%

Supervision & 
enforcement

7, 5.74%, 0.13%

Action omitted/
failure to act
23, 18.85%, 

0.41%

Communication 
& coordination

9, 7.30%, 
0.16%

Policy, 
legislation & 
regulation

35, 28.69%, 
0.63%

Priorities
3, 2.46%, 

0.05%

Qualification, 
training, experience 

& competence
2, 1.64%, 

0.04%
Contributory 

factor
Total number, 
% within level, 

% overall

Key
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Figure 1. Frequency and proportion of contributory Factors across different AcciMap levels. 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.  



 

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., 2014) 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 (Harvey and Stanton, 2014). 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 

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. This suggests 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., 2018; 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., 2014; 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.  

 

Conclusions 

This is an important study… 

The weird paradox of an ostensibly systems method delivering meta-results of a 

deterministic nature?!  What’s wrong with our mindsets and how we’re applying AcciMap? 

Tweaking the tit of accident causation; exploring those leverage points.  Key insight. 

Bequeathed a method for periodically reviewing accimap analyses and truly learning from 

disasters.  Learning legacy. 
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