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The International Civil Aviation Organization (ICAO) Annex 13 framework for aviation investigation is long-
standing and well developed but does not require or audit use of methodologies for investigation analysis,
including research literature safety/accident models (SAMs). Government Safety Investigation Authority (SIA)
websites rarely mention methodologies. Limited published research engages directly with SIAs. A research/
practice gap has been suggested.

To address ICAO, SIA and research gaps, this qualitative multi-case study examines SIA use and documentation
of methodologies for accident analysis. Nine of seventeen SIA members of the International Transportation Safety
Association (ITSA) that investigate aviation accidents agreed to participate and provided written answers to our
research questions, relevant internal documentation, and exemplar investigation reports.

Our key findings are that participant SIAs have augmented ICAO requirements internally by their use of
methodologies but that this usage was generally not obvious in published investigation reports and other SIA
website material. It also varied significantly among the participants. All participant SIAs reported use of multiple
methodologies, sometimes in the same investigation. Explicitly reported SIA methodology usage included: six
Reason-based, six Rasmussen-based, three ‘recent systemic’, five ‘BowTie’, five ‘bespoke’, and seven using
various other methodologies like ‘SHELL'.

The industry impact of this qualitative research is hoped to be significant by being shared with participant SIAs
unaware of each other’s practice, enabling consideration of different options. It can inform additional aviation
SIAs, ICAO, air safety investigators, and other high-risk industry regulators and investigators. Safety researchers
may be better placed to develop SAMs with greater practical industry relevance.

1. Introduction: Background, research gaps, rationale and scope

Major civil aviation accidents can lead to multiple deaths and in-
juries, environmental and financial damage, and serious family, media
and political impacts and concerns. Antecedents and ‘causes’ of such
accidents are typically multi-factorial, and complexity in socio-technical
systems can increase the risk and unpredictability of such outcomes
(Dekker, 2004a, 2011b; Leplat 1984, 1997; Perrow, 1984; Rasmussen,
1990, 1997; Reason, 1990a, 1997; Turner, 1978, 1994; Turner and
Pidgeon, 1997). This challenges both the design and maintenance of
safer and more resilient systems with robust controls (Leveson, 2011a,b;
Hudson, 2014, 2020) and finding better ways to understand, investigate
and prevent major accidents (Benner, 2003, 2020; Dekker, 2004b;
Hollnagel and Speziali, 2008; Hopkins, 2003, 2009; Stoop, 2014, 2020).

Commercial passenger aviation has a long and well-developed

* Corresponding author.

international framework for safety through the International Civil
Aviation Organization (ICAO), including with mandatory independent
investigation. But national arrangements vary, and major accidents still
occur. Worldwide, in each year between 2008 and 2019 (pre Covid-19),
ICAO reported 75-139 accidents of commercial aviation aircraft over
5.7 tonnes involving a total of 50-911 fatalities and an accident rate per
million departures of 4.7 in 2008, falling to 2.79 in 2019 (ICAO, 2019c,
2020c). Despite improving technology and regulation, it is a challenge
to further improve ‘ultra-safe’ operations (Amalberti, 2001, 2013;
Dekker and Pitzer, 2016; Lofquist, 2010; Lundberg et al., 2022). Public
critics sometimes consider all major accidents to be preventable and are
intolerant of failure and lack of transparency. Intolerance is exacerbated
by the ubiquitous spread of smart devices, a ‘24/7’ news cycle and social
media that may amplify ignorance. Maximising benefits from timely and
professional investigation of major accidents and incidents and
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associated safety recommendations published by aviation Safety Inves-
tigation Authorities (SIAs) therefore remains an important priority
(Bills, 2007; Braithwaite, 2010; Burin, 2018; Farrier, 2018; Stoop,
2020). This complements safety management system elements such as
proactive data analysis (Stoop and Dekker, 2012; Stroeve et al., 2022).

Lundberg et al. have argued that ‘what you look for is what you find’
(Lundberg et al., 2009; see also Vaughan, 1992) although ‘what you find
is not always what you fix’ (Lundberg et al., 2010; see also Hollnagel,
2004, 2008, 2020). Investigation methodologies, including Safety/Ac-
cident Models (SAMs) and theories of causation for understanding
contributing factors to accidents and the role of complex systems, can
inform, constrain or broaden approaches to accident investigation data
collection, analysis and recommended safety action. In this paper
‘methodologies’ are considered broadly with a focus on the models and
theories underpinning accident investigation analysis derived from both
the research literature and developed or modified by SIAs internally as
‘bespoke’ methodologies.

Utilising the Netherlands Aerospace Centre NLR database, by 2016
there were reportedly 161 SAMs in the academic and industry literature
of varying provenance and type (Karanikas, 2022) that may directly or
indirectly inform investigation methodologies. This may be an under-
estimate as some models, discussed later in the current paper, such as by
the ATSB, BEA, JST, Rasmussen, and Dekker are not listed in the 2016 or
2020 updates of this NLR database (Everdij and Blom, 2020). Listed
models include: the James Reason-based ‘Swiss Cheese Model (SCM)’,
‘Tripod’, ‘HFACS’, ‘ICAM’ and ‘GEMS’; the Jens Rasmussen-based
‘Accimap’; ‘BowTie’ analysis; more recent systemic approaches such as
Nancy Leveson’s ‘STAMP/CAST’, Erik Hollnagel’s ‘FRAM’ and some by
Paul Salmon et al; various other models such as ‘SHELL’; and the
bespoke TSB ‘ISIM’ model (Everdij and Blom, 2020).

ICAO’s Annex 13 safety investigation framework does not specify use
of such methodologies for accident investigation and analysis, or audit
such methodology use under its Universal Safety Oversight Audit Pro-
gramme (USOAP) (ICAO, 2020a, 2020e). The Annex 13 definition of
‘investigation” assumes investigation evidence analysis to determine and
report conclusions and causes and/or contributing factors and any safety
recommendations. ICAO discusses some methodologies in guidance and
non-binding documentation such as in its Safety Management Manual
(ICAO, 2018a). ICAO’s safety role and relevant publications are sum-
marised in the Appendix A.

Research and analysis that compares and evaluates accident inves-
tigation methodologies used by government bodies rarely involves an
aviation SIA. Much government investigation methodology research has
involved regulatory bodies in various non-aviation high-risk industries.
However, some researchers have analysed aviation accident investiga-
tion reports (e.g., Burggraaf and Groeneweg, 2016; Johnson and Hol-
loway, 2004, 2005, 2006, 2007; Johnson et al., 2012; Pimble and

! Linear models of accident causality were pioneered by H.W. Heinrich in his
books and articles including the ‘domino model’ from 1934 (Heinrich, 1941:
12-15; Busch, 2018, 2021). Popular contemporary methods include Root Cause
Analysis (Hollnagel, 2004: 51-52; Hollnagel and Speziali, 2008: 28), Fault Trees
(Smith et al., 2017), the ‘Five Whys’ (Serrat, 2017), ‘TapRoot’ (n.d.; Paradies,
2019; Paradies and Unger, 2015); and forms of ‘BowTie’ analysis (Ale et al.,
2006; Bellamy et al., 2007; Bice and Hayes, 2009; Ferjencik et al., 2023;
Hudson, 2010; Hudson and Hudson, 2015). A ‘6M’ organisational accident
model incorporates Mission, Man, Machine, Medium, Management and Money
(ICAO, 2011a: II-3-2). The software, hardware, environment, liveware and
liveware-liveware ‘SHELL’ model was originally introduced by Edwards (1972)
as ‘SHEL’ and extended by Hawkins from 1975 to include a diagram empha-
sising the human liveware-liveware interactions (Metso et al., 2016: 64, 66). It
is variously referred to as the ‘SHELL-L’, ‘SHELL’, ‘SHEL(L)’ or ‘SHEL’ model
(Hawkins, 1993; ICAO, 2006, 2009, 2011a, 2012b, 2018a; Skybrary, n.d.3) that
we standardise as ‘SHELL’. Some more recent, complex and systemic models are
mentioned later in the paper and summarised in footnote * but comparative
analysis of such models is not within the scope of this initial research paper.
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O’Toole, 1982; Rashid et al.,, 2013; Snowdon and Johnson, 1999;
Thoroman et al., 2019, 2020). Some researchers have analysed data
obtained from individual aviation safety investigators (e.g., Dodshon
and Hassall, 2017; Macrae, 2014; Nixon and Braithwaite, 2018; Roll-
enhagen et al., 2010; Underwood and Waterson, 2013a; Underwood
et al., 2016).% Recent papers by Karanikas and colleagues are notable in
both aviation categories (Chionis et al., 2022; Karanikas, 2022; Kar-
anikas and Nederend, 2018; Karanikas and Passenier, 2019; Karanikas
et al., 2019, 2020). Some researchers have highlighted a research/
practice gap in relation to industry/SIA knowledge, understanding and
use of more complex systemic researcher-based methodologies, and a
gap also seems evident in the opposite direction.®> However, directly
obtaining information from multiple aviation SIAs about their use of
researcher-based and bespoke methodologies has yet to be reported.

Karanikas has argued that because all SAMs have strengths and
weaknesses, dogmatism in choice should be avoided, but safety in-
vestigations could be better supported by use of various simple or more
detailed SAMs depending on context (Karanikas, 2022). Salmon and
colleagues (Salmon and Read, 2019; Salmon et al., 2023: 3-4, 14-17)
have suggested that use of multiple methodologies may have benefits in
complex investigations.

Because ICAO does not require use of methodologies in investigation
analysis and there are research gaps regarding SIA methodology use in
practice, a key initial research issue is to establish what, if any, meth-
odologies SIAs use. Exploratory research questions in relation to this
‘what’ element that are addressed in the current paper are:

(1) have SIAs utilised researcher-based or bespoke methodologies in
investigation analysis? and if so,

(2) what methodologies have been used?

(3) have multiple methodologies been utilised by individual SIAs?
and

(4) how and where has SIA methodology usage been documented?

These four questions are addressed to provide a significant step to-
wards better understanding SIA practice. Establishing the practice of
important aviation SIAs and sharing and publishing the results will
inform research participant and non-participant SIAs, ICAO, re-
searchers, and investigators in high-risk industries. This has the poten-
tial to improve options for major investigations and associated safety
action even before ‘why’ questions regarding methodology choice, use
and non-use are addressed in a subsequent phase of this research project.

2 Other relevant research on government high-risk investigations and meth-
odologies includes that by Benner (1975, 1980, 1985, 2013), Cedergren and
Petersen (2011), Harvey (1984, 1985), Henderson et al. (2001), Hovden et al.
(2010), Hulme et al. (2019), Katsakiori et al. (2009), Logan and Post (2013),
Sklet (2002, 2004), Stanton (2019) and Ziedelis and Noel (2011). Additional EU
investigation material has been documented by Colavita (2019), Dechy et al.
(2012), ENCASIA (2020, 2022), ESReDA (2009, 2015a, 2015b, 2015¢, 2020),
EC (2022), Roed-Larsen et al. (2004, 2005), and Roed-Larsen and Stoop (2012).

3 Underwood and Waterson (2013a) interviewed accident investigators and
found that a decade ago they were mostly unaware of methodologies like
FRAM, STAMP and Accimap. Underwood et al. (2016) noted that a systems
approach “has been used as the conceptual foundation for various accident
analysis techniques, of which STAMP (Leveson, 2004, 2011a), FRAM (Hollna-
gel, 2004, 2012, 2018) and AcciMap (Rasmussen, 1997) are the most popular
within the research community” (Underwood et al., 2016, 129). But they found
that “methods and tools employing a systemic perspective are not being
adopted in practice. ... (and) a research-practice gap exists” (Underwood et al.,
2016, 129) including because they may be difficult to use (see also, Meeuwis
et al., 2020). Underwood and Waterson (2012, 2013a, 2013b, 2014) among
others (Chung and Shorrock, 2011; Faroogqi et al., 2022; Roth et al., 2014; Saleh
et al.,, 2010; Salmon, 2016; Shorrock, 2020; Shorrock and Williams, 2016)
provide further background in relation to a gap between research and practice.
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2. Material and methods

This paper uses a qualitative multi-case study research strategy
where the cases are the SIAs and the research focus is their use of
investigation analysis ‘methodologies’ - a terminology used by SIAs. A
range of case study research strategies incorporate varying contexts and
paradigms (e.g., Cresswell and Poth, 2017; Miles et al., 2014; Patton,
2015; Schwandt and Gates, 2017; Yin, 2018). We primarily draw on
methodologist Robert Stake’s work in relation to qualitative multi-case
studies (Stake, 1995, 2005, 2006, 2010). Stake recommends using 4-10
cases with both similarities and diversity to understand a research focus
or target in which the cases provide an ‘instrumental’ means to an end
(Stake, 2006: vi, 1, 6-8, 14, 22-23). Our focus is establishing method-
ology use by SIA participants but not at this stage assessing used SAM
characteristics in terms of paradigms such as systems thinking. Stake
notes a dilemma and dialectic in balancing the cases with research
questions associated with the focus (Stake, 2006: 7, 39, 308). He rec-
ommends that cases be considered in terms of their own situational is-
sues, contexts and backgrounds when interpreting the focus data.
However, analysing cross-case data is not simply a comparison of cases
but also has a target focus (Stake, 2006: 9-12, 83). Stake considers that
the study of case situations requires experiential researcher knowledge,
and that multi-case complexity favours research and analysis being
largely undertaken by one person (Stake, 2006: 12, 18). In this project, a
multi-case strategy is appropriate for exploratory and descriptive qual-
itative research into SIA methodology use through documentary data
provided in response to our questions. Relevant context, as summarised
in the Introduction and Appendix A, was provided through a literature
review and analysis by the primary researcher/author. This included the
ICAO framework for aviation safety and investigation, researcher-based
SAMs and other methodologies available to underpin investigation and
analysis, and past research on government accident investigation
methodology use in high-risk industries.

Members of the International Transportation Safety Association
(ITSA) include ‘important’ SIAs that have met criteria for high quality
independent investigations of major accidents (ITSA, 2020; Van Vol-
lenhoven, 2001). Arguably the most important aviation SIAs are those
with a long and meritorious history, responsibilities linked to the size of
their own State-registered commercial aircraft fleet and/or airspace, and
host State of Design and/or Manufacture of aircraft. The largest manu-
facturers are Airbus that is based in France and the UK, and the US-based
Boeing. Canada hosts ICAO and former Bombardier aircraft are manu-
factured in Canada by Airbus and Mitsubishi CRJ. The Moscow-based
SIA is important because it investigates commercial aircraft made in
the former USSR and subsequently in the Russian Federation, has a vast
airspace, and investigates on behalf of some post-Soviet States.

To establish whether the gaps summarised in the Introduction were
reflected in investigation and analysis overviews on aviation SIA web-
sites, a web search was undertaken in May 2020 by the primary
researcher/author. This found mostly high-level and generic ICAO
Annex 13 process material on ITSA aviation member websites including:
the UK (AAIB, 2020), South Korea (ARAIB, 2020), France (BEA, 2020),
Japan (JTSB, 2020), the US (NTSB, 2002, 2020a, 2020b), Sweden (SHK,
2020), Finland (SIAF, 2020), New Zealand (TAIC, 2020c), Canada (TSB,
2020a), Singapore (TSIB, 2020), Chinese Taipei (TTSB, 2020) and the
Interstate Aviation Committee (IAC/MAK) led by Russia (IAC, 2020). A
similar result was found for newer ITSA members from Argentina (JST,
2022) and Papua New Guinea (AIC, 2022). Only Norway, which
changed its SIA name acronym from AIBN to NSIA after its website was
first accessed (AIBN, 2017, NSIA, 2021, 2022), and to a lesser extent
Australia (ATSB, 2019a; Walker and Bills, 2008) and the Netherlands
(DSB, 2020a), included some details of investigation analysis method-
ology. There was a potential gap in knowledge and use of investigation
methodologies and/or documentation among this diverse group
comprising all 17 ITSA aviation SIA members. At this stage, any meth-
odology usage documentation in the hundreds and thousands of past

Safety Science 168 (2023) 106315

aviation investigation reports on individual SIA websites and/or within
any SIA internal non-public material was unknown.

Reiman and Viitanen (2020) have suggested a strategy of collabo-
rative applied research, while Rae et al. (2020) proposed a safety science
research ‘manifesto’ to address the gap between researchers and prac-
titioners by focusing on research into work-in-practice and incorpo-
rating collaborative industry case studies. Collaborating with ITSA SIAs
to establish, document, and understand their use of major aviation
investigation analysis methodologies is consistent with such guidance.

To progress the research, university ethics approval was obtained
and all 17 of the ITSA members that investigate aviation accidents were
invited to participate in the research, respond to research questions, and
provide links to exemplar investigation reports and any other docu-
mentary support about their methodology use. By December 2022, nine
had formally agreed and provided the sought data - a diverse sample of
over half the ITSA membership including well-recognised and important
independent government SIAs drawn from the UK and Europe, North
and South America, Asia and Australasia. In alphabetical order, the nine
SIAs are the Air Accidents Investigation Branch (AAIB) of the United
Kingdom, Australian Transport Safety Bureau (ATSB), Bureau
d’Enqueétes et d’Analyses pour la sécurité de 1’aviation civile (BEA) of
France, Dutch Safety Board (DSB), Japan Transport Safety Board (JTSB),
Junta de Seguridad en el Transporte of Argentina (JST), Safety Investi-
gation Authority of Finland (SIAF), Transport Accident Investigation
Commission (TAIC) of New Zealand, and the Transportation Safety
Board (TSB) of Canada.

The research approach initially involved establishing primary
researcher credibility, ethics and trust in order to recruit ITSA partici-
pants that were required to sign a participation form and provide the
sought documentary material noted in the previous paragraph. This was
not a straightforward process because ITSA aviation SIAs had not pre-
viously agreed to such research and could face potential public embar-
rassment depending on the content of any research publications. It could
also present ethical issues in relation to delegated SIA individuals who
had provided the data. The primary researcher was able to satisfy the
then ITSA Chair that these issues would be appropriately addressed.

In October 2020 the ITSA Chair sent all ITSA SIA heads a covering
email supportive of the primary researcher’s project, noting his past SIA
and ITSA background, to which was attached a copy of the research
participation letter and agreement. Seven SIAs signed the agreement
expeditiously and supplied the documentary data. In order to increase
participation by ITSA SIAs, the primary researcher attended the August
2022 International Society of Air Safety Investigators (ISASI) Annual
Seminar (not held face-to-face in 2021 because of Covid-19) and infor-
mally encouraged some senior SIA investigators and board members
present to reconsider the research project invitation. This led to the UK
AAIB and Japan’s JTSB also becoming participants and the NTSB
actively reviewing participation. As a result, more than half of the 17
ITSA SIAs that investigate aviation accidents were able to be included.

The primary researcher carefully reviewed and summarised the data
and material that was obtained from the nine ITSA SIA participants. This
included their written responses to research questions together with
links to exemplar investigation reports and any other documentary
support about methodology use. This provided a basis for a draft of the
current qualitative exploratory and descriptive article. The draft
included some individual SIA context, addressed four research ques-
tions, and indicated each SIA’s most recent ICAO USOAP audit result. No
significant material provided by the SIAs that related to the focus and
questions in the draft article was omitted (other material provided by
the SIAs will be used in future publications). The draft paper was sent to
participant SIAs in January 2023 as part of the agreed collaborative
approach. This enabled them to propose ‘member checking’ corrections
to increase trustworthiness and address any errors, omissions, uncon-
scious bias or misrepresentation (Birt et al., 2016; Stake, 2006: 37), and
to avoid any unintended public or political SIA embarrassment. A few
SIAs suggested small changes or updates that were included. The two
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other authors periodically reviewed the draft article and proposed
changes to ensure clarity and improve the paper’s structure.

3. Results from the ITSA SIA participants

Individual SIA backgrounds and research data on use of methodol-
ogies is documented below with key results, similarities and differences
tabulated in Section 3.10 and discussed in Section 4.

3.1. AAIB

The UK Air Accidents Investigation Branch (AAIB) and its pre-
decessors have a long and distinguished history of aviation safety
investigation since 1915 at the start of commercial aviation (Matthews,
2014). AAIB’s ITSA membership is through the Accident Investigation
Chiefs’ Council that also includes marine and rail accident investigation
branches (AICC, 2019). The AAIB advised that beyond the ICAO
framework the AAIB “don’t have a mandated or even preferred analysis
methodology. Rather investigation teams draw on a variety of meth-
odologies and in a variety of levels of formality depending on the needs
of the particular investigation” (AAIB, 2022a). The AAIB response to our
research questions (AAIB, 2022b) included reference to three reports
illustrating the use of various investigation methodologies (AAIB, 2010,
2016, 2017). AAIB stated that while it does not promote any single
methodology, its Operations Manual section on Analysis Methods has
“links to several sites which we consider have suitable methods” (AAIB,
2022b) including: the Norwegian AIBN (2017), ATSB (Walker and Bills,
2008), UK Health and Safety Executive (HSE, 2004), STAMP and CAST
(Leveson, 2004, 2017b), and the UK Energy Institute (2008). Human
factors methodologies and processes used, as required, included:
“Accimap, Boeing Maintenance Error Decision Aid (META), CIEHF
White Paper on Human Factors in Barrier Management, Human Factors
Analysis and Classification System (HFACS), SESAR human performance
repository (GEMS, HEART, HERA, ATM-TRACEr), SHELL model, Fa-
tigue Investigation data collection guidance, Startle and Surprise guid-
ance, Guidance on investigating organisational factors” (AAIB, 2022b).
Further, AAIB stated that “Where the investigation is very heavy on the
technical side, we tend to run with the manufacturer’s methodology”, so
with the Boeing 777 fuel icing investigation (AAIB, 2010), the focus was
on “Technical investigation reliant on Apollo (Boeing) and DRED (Rolls
Royece). ...” (AAIB, 2022b). Methodology preference by the Investigator
in Charge (IIC) and suggestions by Accredited Representatives were also
relevant in various investigations (AAIB, 2022b). Overall, “The meth-
odologies all have advantages and limitations; inspectors [investigators]
all think differently. A methodology needs to encourage creativity to
allow thinking outside the box, while having the discipline to pull the
multiple threads together” (AAIB, 2022b).

Great care is taken in selection of investigators (Smart, 2004), with
AAIB reports renowned for technical excellence, independence and
collaboration (Braithwaite, 2010; Vickery, 2016). Initial training in-
cludes use of BowtieXP (AAIB, 2022b). The most recent ICAO audit of
effective implementation of applicable standards for Accident Investi-
gation was in 2009 with a score of 70 % compared with the global
average of most recent USOAP mission year audits of 54 % (ICAO,
2023). The USOAP is focused on a State (such as the United Kingdom of
Great Britain and Northern Ireland) but in some cases, such as the UK
and the Netherlands, overseas territories may be included by ICAO
(BEA, 2023b). While the AAIB investigates aviation accidents and
serious incidents, the UK Airprox Board investigates airspace proximity
occurrences, and broader reporting of UK occurrences is to the UK Civil
Aviation Authority (CAA, 2022a, 2022b).

3.2. ATSB

The Australian Transport Safety Bureau (ATSB) has been Australia’s
independent no-blame multi-modal accident investigator since 1 July
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1999 (ATSB, 2019c¢, 2020a, 2020b). It incorporated modal predecessors
including the Bureau of Air Safety Investigation (BASI) that had a prior
history from 1927 (ATSB, 2009: 1; Matthews, 2014). From 1991, BASI
pioneered use of an early version of the Reason model (ATSB, 2009: 23;
BASI, 1994; Reason 1990a, 1990b, 1991a, 1991b). BASI noted that
Reason’s accident causation model was becoming an industry standard
that ICAO encouraged for use in investigating the role of management
policies and procedures in aircraft accidents and incidents (BASI, 1994:
45-58). BASI Director, Dr Rob Lee, also worked with Professor James
Reason, Neil Johnston and ICAO’s Captain Dan Maurino to help develop
the ICAO Safety Management System (SMS) approach (Maurino et al.,
1995; Lee, 2017). Since 2002, major ATSB investigations have been
based on a system safety investigation methodology (Walker and Bills,
2008; Walker 2019). Beyond its roots in models by Reason (1990a,
1990b, 1991a, 1991b, 1995, 1997, 2000, 2003, 2008), Reason and
Hobbs (2003), Reason et al. (2006), Walker (2003) it has been modified
to incorporate insights from other theorists, BowTies, and to require
contributing factor evidence tables, and make language more neutral
(ATSB, 2020e, 2023b; ATSB and NTSC, 2018; ICAO, 2018b; Underwood
and Waterson, 2013a; Walker and Bills, 2008). From 2004, the ATSB
drew from the Canadian TSB’s pioneering Integrated Safety Investiga-
tion Methodology (ISIM) IT-based system and process (see Section 3.9
below) to develop a bespoke ATSB version termed the Safety Investi-
gation Information Management System (SIIMS) that included analysis
(ATSB, 2007b: 67; 2009: 19, 25). The ATSB adapted Reason’s model to
include risk recovery controls (see Diagram 1) and included key aspects
from Jens Rasmussen’s Socio-technical hierarchy system model and
‘Accimap’ presentation (ATSB, 2023b; Hopkins, 2000, 2009; Rasmus-
sen, 1990, 1997; Rasmussen and Svedung, 2000; Svedung and Ras-
mussen, 2002; Walker and Bills, 2008) (see Diagram 2) where the focus
is on the five levels of hierarchy on the left reading from the bottom up.

ATSB investigations assess contributing factors on a whole-of-system
basis rather than just seeking a proximal or probable cause or causes
(Hopkins, 2014: 11; Walker and Bills, 2008). Safety action is recom-
mended if safety issues are found during an investigation regardless of
their linkage to accident causality, and directed to the body or bodies
most relevant to addressing the safety issue (ATSB, 2019b, 2020c,
2020d, 2020e, 2021a). ATSB investigation analysis does not use a simple
linear sequential or ‘epidemiological’ model but is systemic and uses a
‘link-to-link’ approach to assess evidence and ascribe a probability be-
tween links in a hierarchy progressively more remote from the accident
event. The methodology and associated processes were designed to suit
a professional safety investigation and safety improvement context
(Stoop, 2014; Stoop and Dekker, 2012) rather than a narrower focus on
probable cause or concepts of legal causality that may be used to ascribe
blame or liability (Benner, 2003; Walker and Bills, 2008). At the invi-
tation of the ATSB, methodology and processes were peer reviewed by
the TSB after a controversial and problematic ATSB report into a non-
fatal Norfolk Island air ambulance fuel exhaustion ditching accident.
In summary, the ATSB’s methodology and systems were found to
represent best practice provided its processes were consistently applied
and checked in a timely manner, which had not always occurred (TSB,
2014b). The re-released report is now one of three nominated method-
ology exemplar reports (ATSB, 2017, 2021b, 2022a, 2023a). The ATSB
investigation model was revised slightly in 2013 and again at the end of
2019 when new documentation was prepared as part of a formal
investigation teaching collaboration with RMIT University (ATSB,
2022¢; RMIT, 2019, 2022). For the purposes of this research, the ATSB
provided copies of its extremely detailed bespoke internal manuals with,
for example, much more material on the use of causal charts and in-
fluence diagrams involving hypothesis testing (ATSB, 2019b, 2020c,
2020d, 2020e). A new ATSB Investigation Management System (AIMS)
has recently been launched with a new software platform and taking a
project management approach (ATSB, 2021c, 2022b). The most recent
ICAO audit of effective implementation of applicable standards for ac-
cident investigation in Australia was in 2022 with a score of 96 %
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compared with the global average of the most recent USOAP mission
audits of 54 % (ICAO, 2023).

3.3. BEA

The Bureau d’Enquétes et d’Analyses pour la sécurité de 1’aviation
civile (BEA) of France has a distinguished history in aviation accident
investigation since 1946 (Matthews, 2014). Extensive BEA State of
Design and Manufacture responsibilities include Airbus, ATR, Dassault
Aviation, Daher, CFMI (a GE and Safran joint venture), and Airbus He-
licopters (BEA, 2023a). The BEA has an investigation role in French
territories around the world. The BEA (2021) provided public links to
two major investigation reports to illustrate its use of analysis method-
ology (BEA, 2012, 2016b). An ISASI paper (Choudet and David, 2017)
provided ‘presents BEA analysis methodology’ (BEA, 2021). The meth-
odology’s background is from the Dédale SAS company (BEA, 2023a;
Gilbert et al., 2007; Paries, 1999; Steele and Paries, 2007, 2008). Pre-
sentations at ICAO in 2015 provided useful developmental detail (Des-
jardin, 2015a, 2015b, 2015c). The BEA methodology was further
outlined at other meetings of ICAO and ISASI (BEA, 2018; Rome, 2018).

The BEA emphasised the use of a structured analysis methodology
looking at both explanatory factors and similar occurrences and actual
practices more broadly, and communicating lessons persuasively.

This process is iterative and has increased in complexity when looking at
systemic and organisational issues. ... As an accident or incident can be
considered as a failure of actual control risk measures (not only regulatory
and documented ones), the analysis methodology must also study actual
practices and similar occurrences. The analysis methodology adopted by the
BEA is adapted from MINOS®© [developed by Dedale company as a pragmatic
step-by step guide for safety investigators]. With this approach safety is
considered as the ability to manage perturbations rather than its conformity
to a predetermined behaviour considered as safe. An accident or an incident is
therefore considered as an escape from a controlled environment. The BEA
analysis methodology consists in four iterative steps (Choudet and David,
2017).

The first step, based on the theory of joint cognitive systems (Holl-
nagel and Woods, 2005), defines the sociotechnical system, the opera-
tional situation and the occurrence category. The analysis framework
includes operators and the operational situation before and during the
occurrence, and seeks to limit hindsight bias. This enables selection of
relevant similar events. The second step determines the safety principles
in the operational situation and considers system safety in relation to
implicit and explicit safety expectations, provisions and assumptions in
the way safety is normally assured. The third step describes the per-
formance of ‘safety principles’ during the occurrence and considers what
actually happened that led some to fail and others to lead to positive
success. The fourth step analyses and explains both failure and success in
terms of performance variability (Hollnagel and Goteman, 2004) and
determines the robustness of controls utilising three possible means:
classic explanatory causal analysis, comparison with similar occur-
rences, and analysis of everyday operations and actual practices (BEA,
2018; Choudet and David, 2017; Rome, 2018). The third of these
possible means establishes how errors can occur such that:

if similar failures are not observed, the variability may be an exception to
usual practices. If not, the reliability of the safety expectations and provisions
can be considered as insufficient with risks that will be addressed in lessons
learnt and safety recommendations. Data science significantly increases the
accuracy of this analysis. The use of these analyses is crucial to ... [be]
convincing and persuasive to the aviation community. (Choudet and David,
2017).

The BEA uses a ‘gutter’ pictorial metaphor model of an accident. This
illustrates that a non-linear system accident is the result of an unre-
covered loss of control of the system’s (disturbed) dynamics (Rome,
2018). In Diagram 3, the green ball accelerates down a curved incline
gutter. It normally stays under control within the gutter edges. Occa-
sionally environmental and other vagaries, and disruptions of normal
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Diagram 3. BEA ‘gutter’ accident model adaption of Dédale MINOS (BEA,
2018, 2023a; Rome, 2018).

work and activity, may be strong enough to allow the ball to escape out
of the gutter. Without successful recovery mitigation, the ball’s loss of
control leads to an accident:

The escape point is the state of the sociotechnical system after which an
accident occurs if no recovery actions are taken (the ball is forced out of the
gutter). Escape points such as ‘a visual approach towards an inappropriate
runway’ or ‘undetected conflicting flight paths’ are examples that illustrate
the concept (BEA, 2018: 3).

The BEA cited Dekker (2004c) in support of the point that:

The aim of safety analysis is to understand why there are occurrences and
draw up recommendations to prevent their re-occurrence. These two objec-
tives are complementary but not alike. Indeed, predictions (and thus rec-
ommendations) are possible only because “we have created some kind of
‘model’ for the situation we wish to gain control over, not because we can
exhaustively foresee every contextual factor, influence and data point”
(Dekker, 2004). (BEA, 2018: 2).

BEA analysis methodology allows for determination of contributing
factors by listing the functions and mechanisms that failed to ensure
flight safety (BEA, 2023a). The BEA has drawn from Rasmussen’s (1997)
work on migration or drift towards unsafe boundaries in relation to
general aviation accidents and helicopter firefighting (BEA, 2016a;
Boudou and Ferrante, 2002; Rome, 2019).

A final report into a serious incident on 11 March 2017 of an Airbus
A340 with 268 passengers and 13 crew found that an abnormally long
take-off towards the end of the runway led to the aircraft flying over the
opposite runway threshold at a height of 6 feet and clearing ILS antennas
by only 12 feet. The pilot flying’s nose-up input was insufficient to reach
the rotation rate of 3 degrees per second assumed in the A340’s certified
performance model. This theoretical performance model was found to
be inconsistent with data from 2,300 actual A340 take-offs from Bogota
which had averaged 1.8 degrees per second. In part, this was because the
runway safety margin had been eroded by an airline emphasis on the
risk of tailstrikes that can occur if nose-up input is excessive during the
takeoff. Underpinning the report, but not stated explicitly, is the BEA’s
systemic model and the influence of risk trade-offs as suggested by
Rasmussen (BEA, 2019; Ecalle, 2020).

The BEA has emphasised the need for technical competence and
collaboration as well as independence in investigation (David and
Romat, 2017; Jouty, 2016). The most recent ICAO audit of effective
implementation of applicable standards for accident investigation in
France was in 2020 with a result of 100 % compared with the global
average of most recent USOAP mission audits of 54 % (ICAO, 2023).

3.4. DSB

The Dutch Safety Board (DSB) website included the following brief
overview of methodology under ‘Analysis’ in relation to DSB in-
vestigators: “In order to do so in a structured way, they use investigative
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techniques such as the timeline analysis, the Tripod model, the BowTie
method and STAMP” (DSB, 2020a). The DSB provided answers to the
research questions and links to two example reports on a serious taxiway
incident and on air traffic safety at Schiphol airport that demonstrated
use of analysis methodology (DSB, 2011, 2017). DSB included material
on use of Tripod (STP, 2007) and STAMP/CAST models (Helferich,
2012; Leveson and Stringfellow, 2009), and a report in Dutch (DSB, n.d.)
describing a bespoke tool used “to collect and analyse data about power
and influence” (DSB, 2020b).

The DSB stated that for more complex safety investigations it:

uses several methods to analyse (aviation) accidents/occurrences and the
system in which they occur. For the analysis of accidents/occurrences we use
Sequentially Timed Events Plotting (STEP — reconstruction of the accidents
and emergency and rescue part) and Tripod Beta to identify barriers that
failed or were missing. In the investigation into air traffic safety at Amsterdam
Airport Schiphol we analysed all occurrences that took place on and around
the airport using Tripod Beta [DSB, 2011]. For the take-off from the taxiway
we used Tripod Beta as a method to analyse a single occurrence [DSB, 2017].
For the safety study of Schiphol, the results of the separate Tripod analyses
were compared using cross-case analyses (comparing failed barriers and
preconditions across the occurrences). The common factors that were found
in this cross-case analyses created the point of departure for the analysis of
the hierarchical structure that should control the identified hazards.
Furthermore, we used a method to analyse the balance of forces/fields of
influence at the airport (civilians living near Schiphol, e.g. noise nuisance,
pollution; parties with financial-economic interests) in relation to the safety
deficiencies that were identified. For the analysis of the system in which an
accident or several accidents took place we sometimes use CAST (Causal
Analysis using STAMP). (DSB, 2020b).

The most recent ICAO audit of effective implementation of appli-
cable standards for accident investigation in the Netherlands was in
2008 with a score of 73 % compared with the global average of the most
recent USOAP mission audits of 57 % (ICAO, 2022g).

3.5. JST

The Junta de Seguridad en el Transporte (JST) was created as
Argentina’s multimodal Transport Safety Board in 2020 and in-
corporates the former JIAAC Civil Aviation Accident Investigation
Board. The JST became a member of ITSA in 2020 and provided the
sought research data later that year (JST, 2020). It reported that since
2014 its approach included “all the organizational factors and safety
deficiencies contributing to the accident”. In 2017 the ‘cause’ of the
accident was replaced by conclusions in relation to factors related to the
accident and related to other safety risk factors not directly related to the
accident but identified in the investigation (JST, 2020). The JST advised
that since becoming multimodal in 2020:

the need of using an investigation methodology ensuring the imple-
mentation of the ‘systemic approach’ model in all the investigations arose. In
this regard, the JST has been exploring different methodologies implemented
by other AIAs (Accident Investigation Authorities), such as Accimap, bow tie
and a combination of both. Currently, these methodologies are being assessed
and implemented in some accidents in order to evaluate their applicability
according to our model. ... both individually and combined, in complex in-
vestigations. Besides, some investigators use a methodology developed by one
of them as a tool to organize the information and investigation ensuring the
systemic approach. This methodology can be easily implemented to any type
of event and is called Vortex (see attachment). ... We can ... say our pre-
liminary use of them (Accimap, bow tie) is that both methodologies do not
overlap but they are complementary. We consider that an investigation
methodology must be a universal and easy tool (to use in an incident as well
as in a major accident) that can assist investigators to organize the investi-
gation and collect the necessary information to conduct a systemic investi-
gation and helps avoid not considering aspects in the early stage of the
investigation (JST, 2020).

In addition to two aviation accident report examples, JST provided a
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‘5.16 Methodological Guide for Human and Organizational Factors’.
This used an adapted ‘Swiss Cheese’ model of Reason and stated that
“the JST adopts a systemic/epidemiological approach for the analysis of
accidents, serious incidents and incidents, making some necessary ad-
justments for the Argentine aeronautical context” (JST, 2020). A further
attachment entitled ‘Vortex Method of Investigation” was authored by
Daniel Barafani as National Director Aviation Investigations from 2016
to 2019 (JST, 2023). As well as Reason (1997), this listed Heinrich’s
1930s Domino Model (Heinrich, 1941: 13-18) as ‘the most relevant
approaches to investigation’ leading towards a Vortex systemic
approach. The three models are seen to be applicable individually or in
combination depending on the accident or incident to improve safety
and move beyond human error and technical failure. Barafani’s ‘Vortex’
Investigation Method examined three levels of system context — micro-
operational, operational, and macro-operational. In each level, opera-
tional errors, technical failures, real or potential deficiencies, and de-
fences/barriers should be considered in a cyclical way. In Vortex,
defences and barriers are classified as Standard or procedures, or
Training, or Technological (STT). Further summarising Vortex:

In accidents or complex incidents, there may be as many vortexes as el-
ements involved in the occurrence interacting among each other ... according
to how they connect, we will be able to identify the interaction that was
decisive ... This methodology is a practical guide allowing investigators to be
organized to be able to analyze each element involved from an operational
staff, an aeronautical component, infrastructure, an organization, to the
aeronautical authority itself from a systemic point of view. Through the STT
analysis of each of them and the performance of the different defences of each
turn of the vortex, we can identify the real or potential safety deficiencies,
directly or indirectly related to the accident/incident, which were not effective
to prevent the error or failure. (JST, 2020).

JST training includes “techniques and procedures for the investiga-
tion of accidents and incidents with an interdisciplinary and systemic
approach” (JST, 2022). Utilising its 2020 Protocol Questions, ICAO
conducted a first Argentina USOAP audit “in June 2022 in order to
determine the level of effective implementation (EI) of the SARPs set out
in Annex 13 and related documents” (JST, 2023). The JST had a 2022
USOAP audit score of 89 % compared with the global average of the
most recent USOAP mission audits of 54 % (ICAO, 2023).

3.6. JTSB

The Japan Transport Safety Board (JTSB) responded to the research
questions with supporting extracts from the JTSB ‘Accident and Serious
Incident Investigation Manual’ (JTSB, 2022b, 2022c, 2023), and two
example investigation reports (JTSB, 2013, 2014). JTSB’s senior avia-
tion investigators and the highly qualified Chairperson and five
specialist aviation subcommittee board members use a range of meth-
odologies supported by ICAO such as the human factors ‘SHELL’ model
and ‘6M’ organisational model, combined with a Reason model and
other ICAO material on organisational issues (JTSB, 2022b, 2022c). The
final investigation report into a Boeing 737-700 serious incident
involving an upset event and nosedive on 6 September 2011 included an
Appendix 4 Factor Classification Table and four pages of analysis based
on the SHELL model comprising Software, Hardware, Environment, and
Liveware with other Liveware factors linked to the first four. This helped
the JTSB to establish how and why human and ergonomics factors led to
the First Officer’s ‘erroneous’ operation of rudder trim (JTSB, 2014).

The JTSB emphasised that use of methodologies depended on the
stage of investigation and analysis, stating that:

“[In] the information-gathering stage, the fish bone model, SHEL[L]
model ... and 6 M model are often used in order to fully understand the
circumstances leading up to the accident and to prevent omissions”
(JTSB, 2023).

Analysis may begin with Variation Tree Analysis (VTA) to establish
“chronological order according to the parties involved (actors)” and
conclude with a cascading ‘why’ process [similar to the Five Whys] to
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help logically structure the report and a Fishbone model”. The ATSB
model is ‘often used’ for a ‘complex accident’ that requires “deeper
analysis of technology, individual behaviour, site conditions, and
operator risk management, organizational impact, and laws and regu-
lations” (JTSB, 2023). The example reports used NTSB-type ‘probable
cause/s’ language and other safety-related matters or findings and
referenced ‘erroneous’ actions (JTSB, 2013, 2014). Investigator training
included human factors and may include Cranfield University and the
NTSB Academy (JTSB, 2011, 2022a, 2022b, 2022c). A digest of safety-
related lessons from multiple themed cases is published annually or
biannually in Japanese (JTSB, 2023). The latest ICAO audit of effective
implementation of applicable SARPs for accident investigation in Japan
was in 2010 with a score of 96 % compared with a global average of the
most recent USOAP mission audits of 57 % (ICAO, 2022g).

3.7. SIAF

The Safety Investigation Authority, Finland (SIAF) provided its
research response (SIAF, 2020b), a link to an overview of Accimap
(Rasmussen and Svedung, 2000), a full exemplar accident report in
English (SIAF, 2019) and key elements of a report on two serious in-
cidents on successive days (SIAF, 2018). The two serious incidents
involving incorrectly entering active runways, were each analysed using
chain of events plus Engestrom’s ‘developmental work research method’
that includes a diagrammatic model with four triangles nested in a larger
triangle that consider, for each relevant actor, Rules, Subject, Tool,
Target and Division of Duties (SIAF, 2020b; see also Blunden, 2015).
SIAF responded to the research questions that:

We have systematically developed investigation methodology. We use a
chosen analysis method in every investigation. Mostly we use AcciMap ... a
systems-based technique for accident analysis, specifically for analyzing the
causes of accidents and incidents that occur in complex sociotechnical sys-
tems. ... Accimap was originally meant for analyzing and managing risks
[Rasmussen and Svedung, 2000], but its primary application has been as an
accident analysis tool.... We have developed the original technique a little
further for our specific needs. We also use rarely other methods such as the
Bowtie method, the Grounded Theory or the Activity Theory of Yrjo
Engestrom. ....

We like to use AcciMap because it provides a systematic tool for describing
the sequence of events leading to the accident and then finding and linking
factors that created circumstances for the accident development. Factors
contributing to the accident can be found at different levels of analysis. The
AcciMap technique encourages [investigators] to search for work practices,
organizational factors, industry level factors and problems in legislation. ...
AcciMap is not so useful in theme investigations where several accidents are
investigated at the same time. In these investigations of multiple cases, we
have for instance used the Grounded Theory method. The two serious in-
cidents at Helsinki-Vantaa aerodrome we analysed by first describing the
chain of events similarly as in AcciMap and then analysed each phase in the
chain of events by using the Activity Theory of Yrjo Engestrom. ... The used
analysis method depends on the special characteristics and circumstances of
the analyzed accident. It is important that we manage to analyze that case
deeper than just focusing on the traditional human factors (HF). The tradi-
tional HF analysis focuses too much on pilots and neglects work practices,
systemic factors and organizational safety management activities. ... the
AcciMap method has proven to be more complete than many other methods.
... [however] the demonstration of the incubation period depends on the
expertise of the AcciMap user. The method itself does not encourage such
thinking. (SIAF, 2020b).

The latest ICAO audit of effective implementation of applicable
SARPs for accident investigation in Finland in 2018 scored 98 %
compared with the global average of the most recent USOAP mission
audits of 57 % (ICAO, 2022g).
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3.8. TAIC

New Zealand’s Transport Accident Investigation Commission (TAIC)
includes some broad material on evidence analysis and process on its
website (TAIC, 2020c). TAIC’s initial response to research questions
(TAIC, 2020a) included copies of TAIC Investigation Guidelines
covering Analysis, a list of recent aviation occurrence reports, and a link
to an example final report involving a non-fatal helicopter forced
landing during firefighting operations in 2019 (TAIC, 2020b). TAIC’s
then CEO explained in 2007 that for TAIC:

Systems behaviours and system learnings are key concepts in the Com-
mission’s current thinking. ... Applying systems thinking brings the quality of
interactions between system agents (parts) into sharp relief. Considerations
brought to bear on the inquiry go to: i. the events leading up, during, and
immediately after the occurrence, ii. Patterns that emerge out of the in-
teractions of the system agents, or the system’s interaction with other systems,
iii. The influence of systemic structures, iv. The influence of peoples mental
models on their interactions with the system(s). The systems of interest to the
Commission influence the scope and scale of its inquiries. ... Delving into
operator or sector systems may require human and organisational factors,
financial auditing, business consulting, and economic analysis skills on top of
the specialist accident investigation skill sets already engaged. (Hutchinson,
2007).

In answering the specific research questions, TAIC responded that its
investigation “analysis methodology is based on the ATSB investigation
analysis model which is based on the Reason model. TAIC also uses other
analysis techniques such as mind-maps, timelines and Human factors
analysis” (TAIC, 2020a).

Using a bespoke systemic approach, the Civil Aviation Authority of
New Zealand (CAA) aviation regulator also undertakes a large number
of aviation investigations when TAIC does not assert its primacy (Foley
and Harris, 2020). The most recent ICAO audit of effective imple-
mentation of applicable SARPs for accident investigation in New Zea-
land was in 2016 with a score of 78 % compared with the global average
of the most recent USOAP audits of 57 % (ICAO, 2022g). This result
includes the relevant roles of TAIC and the CAA.

3.9. TSB

The Transportation Safety Board of Canada (TSB) provided responses
to the initial research questions together with in-house methodology
documentation and two exemplar investigation reports (TSB, 2020b).
The responses and in-house documents provided were all marked
‘Confidential — Not for Distribution” and included detail of the TSB’s
Integrated Safety Investigation Methodology (ISIM) updated from its
origins in 1999, with a Reference Manual, User’s Manual, Lexicon, chart
of major ISIM components and sub-components, and an overview of
methodology (TSB, 2020b). This material provided very helpful back-
ground to ensure that methodological references in public TSB investi-
gation reports and in presentations by TSB leaders and investigators
were properly understood and characterised by the primary researcher/
author without breaching confidence.

The previous TSB Chair highlighted how the newer investigation
view considers accidents broadly “in the context of an organization’s
overall policies and priorities ... [and does] not talk about pilot error
anymore” (Tadros, 2013; TSB, 2014a). The current Chair reinforced
these points and argued that “To keep improving we need to expand our
scope and take a more in-depth look at the organizational factors that
contribute to accidents, as well as the regulatory environment ... [noting
that regulators] have moved away from a traditional ‘inspect and fix’
approach to a systems-level approach” (Fox, 2017). Chair Fox’s 2021
ISASI keynote speech referred to older ‘linear’ models of accident
causation by Reason but now found Rasmussen’s ‘safe operating enve-
lope’ particularly relevant. She stated that:

Safety investigators, of course, don’t rely on just two models any more
than they rely on any two tools” and “it helps our safety investigators to
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Table 1
ITSA SIA reported use of accident investigation analysis methodologies.
ITSA Reason* Rasmussen** Recent***systemic BowTie Bespoke Other
SIA
AAIB v v v v Multiple various including SHELL & ATSB
ATSB v v v SIIMS/AIMS Multiple various including SHELL
BEA v v Gutter model (via
Dédale MINOS)
DSB v v v Power and influence STEP, timeline analysis
analysis
JST v v v Vortex model Heinrich Domino model
JTSB v SHELL, 6 M, 5 Whys, VTA, ATSB, Fishbone
SIAF v v Engestrom’s activity theory & developmental work research method, power
analysis, chain of events, grounded theory
TAIC ATSB, mindmaps, timelines, human factors analysis
TSB v v ISIM

*Including Tripod, HFACS, GEMS, Swiss Cheese Model and Reason’s more complex systemic variants.
**Including Accimap, socio-technical Hierarchy, and Migration to safety boundaries.

***Including Leveson’s STAMP/CAST, Hollnagel’s FRAM, and other models by Hollnagel and by Dekker.
Note that columns are only ticked when explicit SIA mention is made in written responses or publications®.

follow a rigorous methodology ... [ISIM] is the backbone of every TSB
investigation, an eight-step process. (Fox, 2021).

Fox’s paper included a TSB diagram listing eight steps: 1. Occurrence
assessment process, 2. Data collection process, 3. Occurrence sequence
of events identification and diagram, 4. Integrated investigation process,
5. Risk assessment process, 6. Defence analysis, 7. Risk control option
analysis, 8. Safety communication process (Fox, 2021).

Previously, TSB human performance investigators had highlighted
the influence of Reason’s work including in a second edition of the TSB

4 James Reason’s ‘Swiss Cheese Model’ (SCM) accident causality metaphor
(Reason, 1995, 1997, 2008, 2016; Reason et al., 2006) is based on work by
Barry Turner (1978) in relation to the incubation of latent conditions and
confluence with active failures via a trigger event (Bills et al., 2023). Reason’s
work is well known and has long been supported by ICAO for investigation
practice (BASI, 1994; ICAO, 2006, 2009, 2011a, 2012b, 2018a; Maurino et al.,
1995). It underpins methodologies such as: Tripod (Energy Institute, 2015;
Groeneweg, 2002; Groeneweg et al., 2010; Hudson et al., 1994; STP, 2007,
Verhoeve et al., 2004; Wagenaar and van der Schrier, 1997); ICAM (Dam, 2016;
Hopkins, 2003; SIA, 2012); HFACS (Ergai et al.,, 2016; Lenné et al., 2012;
Shappell et al., 2007; Shappell and Wiegmann, 2001; Skybrary, n.d.4; Wieg-
mann and Shappell, 2001,2003); and GEMS (Eurocontrol, 2012; SKYbrary, n.
d.7) as well as some forms of BowTie analysis. The ATSB version of the Reason
model is illustrated in Diagram 1 in Section 3.2. There is ongoing debate as to
how ‘systemic’ rather than ‘epidemiological’ the Reason model is. Undoubtably,
early versions of the model were less advanced and less dynamic than those
from 1997 and Reason himself has not been uncritical of SCM as a model
(Reason et al., 2006). Jens Rasmussen’s important safety/accident models
include those focused on multi-disciplinarity and socio-technical Hierarchy, and
Migration or drift towards safety boundaries (Rasmussen, 1990, 1994, 1997;
see also Dekker, 2011a). The ‘Accimap’ developed by Rasmussen (1997) pro-
vides a ‘map’ or diagrammatic overview of an accident incorporating hierar-
chical levels from the ‘sharp end’ to regulators and government, and potentially
society (Branford, 2011; Branford et al., 2009; Goode et al., 2019; Hopkins,
2000, 2003; Rasmussen and Svedung, 2000; Read et al., 2022; Svedung and
Rasmussen, 2002, 2008; Vicente and Christoffersen, 2006; Waterson et al.,
2017). The ATSB version of Accimap is illustrated in Section 3.2. More recent
advocates of system safety include Leveson’s STAMP/CAST that builds on
Rasmussen and has a focus on system control (Leveson, 2004, 2011a, 2011b,
2017a, 2017b, 2019; Leveson et al., 2003, 2009, 2019; Leveson and String-
fellow, 2009; Leveson and Thomas, 2020; Leveson and Willeboordse, 2016;
Lower et al., 2018; Patriarca et al., 2022; Stoop and Benner, 2015; Vacher et al.,
2018; Zhang et al., 2022), Erik Hollnagel’s FRAM (Hollnagel, 2012, 2018;
Hollnagel and Goteman, 2004; Masys, 2004, 2005; Tian and Caponecchia,
2020), and contributions by Paul Salmon and colleagues (Goode et al., 2016,
2017; Grant et al., 2018; Hulme et al 2019, 2021a, 2021b; Read et al., 2021,
2022; Salmon, 2021; Salmon et al., 2012, 2015, 2017, 2020a, 2020b, 2023;
Salmon and Read, 2019; Trotter et al., 2014; Walker et al., 2017).

Guide to Investigating for Organizational and Management Factors (c2013)
first produced in 2002 as underpinning the TSB ISIM methodology
(Morley and Stuart, 2013, 2014). Morley subsequently argued that to
maximise safety benefit from investigations required:

five critical success factors 1. Follow a method [an investigation meth-
odology based on good safety science such as ISIM], 2. Back up your method
with tools and frameworks [complementary frameworks such a version of
Reason’s Generic Error Modelling System used by the TSB], 3. Use a team, 4.
Iterate, 5. Consider the whole system (Mumaw et al., 2018: 8-9).

The TSB stated that it planned in 2022-23 to “implement new tools
and procedures to improve the management of investigation activities
and enhance the safety analysis by providing updated guidance that
supports the iterative approach of the Integrated Safety Investigation
Methodology (ISIM)” (TSB, 2022). The most recent ICAO audit of
effective implementation of applicable SARPs for accident investigation
in Canada was in 2005 with a score of 91 % compared with the global
average of the most recent USOAP mission audits of 54 % (ICAO, 2023).

3.10. Summary of results

Investigation methodologies used by the nine ITSA SIAs outlined
earlier in this section are summarised in Table 1 below. A mixture of
commonality and difference is evident and the use by all SIAs of multiple
methodologies is noteworthy. This material is discussed in Section 4.

4. Discussion
4.1. Discussion of results

Investigation methodologies used by the nine ITSA participant SIAs
were reported in Section 3 and summarised above in Table 1. Such
methodologies complement specialist insights by individual SIA in-
vestigators based on their technical disciplines and past generalist
investigative experience including as pilots, air traffic controllers,
maintenance engineers, cabin safety, human and organisational factors,
metallurgists and recorder specialists.

Most SIAs would be aware of the SHELL model and the Reason model
discussed for decades by ICAO (outside of Annex 13 and other ICAO
requirements), and some were explicit about using them in systemic
investigations, including Reason’s Swiss Cheese Model and underpin-
ning of Tripod, HFACS and GEMS. Six SIAs cited Reason’s models and six
SIAs cited Rasmussen’s models such as Hierarchy, Migration, and
Accimap. Three SIAs documented use of ‘recent’ systemic models such
as by Leveson, Hollnagel and Dekker. Five SIAs documented use of
BowTie analysis. Documentation by three SIAs (AAIB, ATSB and JTSB)
explicitly mentioned SHELL and in total seven SIAs reported use of at
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least one ‘other’ methodology.

The TSB’s bespoke ‘ISIM’ investigation methodology was integrated
with IT systems to manage investigations, analysis based on data
collected, and potential safety recommendations. The ATSB had built
upon this with its bespoke ‘SIIMS’ system (recently revised and re-
labelled as ‘AIMS’) with detailed documentation and training related
to analysis and testing of causality and significance. Other SIAs such as
TAIC, JTSB and to an extent AAIB, reported use of ATSB methodology
that dated from Walker and Bills (2008). Argentina’s JST employed an
in-house bespoke ‘Vortex’ model that had drawn upon Reason. The BEA
used a bespoke ‘gutter’ model adapted from MINOS by the Dédale
company to help understand systemic variability an nonlinear
complexity and indeterminacy and the circumstances in which this
provides insightful systemic analysis. The DSB used a bespoke form of
power and influence analysis.

Some SIAs highlighted various other methodology use. The DSB used
‘STEP’ and timeline analysis. The JTSB used a ‘6M’ model, a ‘5 Whys’
type process, ‘VTA’, and ‘Fishbone’ diagrams. The JST sometimes used a
variant of Heinrich’s linear Domino model. The SIAF had used activity
theory and a developmental work research method by Engestrom, a
form of power analysis, and grounded theory. TAIC used mindmaps,
timelines and human factors analysis. The AAIB and ATSB reported use
of various additional investigation methodology methods, models and
theories.

4.2. Research questions

Based on the research data summarised in Section 3, the answers to
the four research questions are as follows.

(1) have SIAs utilised researcher-based or bespoke methodologies in
investigation analysis? Notwithstanding the lack of requirements
(SARPs) in ICAO Annex 13 and its USOAP audit, methodologies
were found to have been used by all participant SIAs in their
investigation and analysis processes for major aviation
investigations.

what methodologies have been used? The most commonly used

methodologies were based on early systemic models by Pro-

fessors James Reason and Jens Rasmussen. More recent systemic
models such as by Professors Nancy Leveson, Erik Hollnagel and

Sidney Dekker were stated to have been used by three SIAs.

Bespoke systemic methodologies had been developed and used by

the ATSB (SIIMS/AIMS), BEA (Gutter model), JST (Vortex model)

and TSB (ISIM), while the DSB sometimes used a bespoke power
and influence analysis model. A range of various other method-
ologies, including BowTie and SHELL, was used by individual

SIAs, sometimes depending on the type of investigation or stage

of investigation as the JTSB emphasised.

(3) have multiple methodologies been utilised by individual SIAs?
Yes, all SIAs used multiple methodologies and in some cases
several of them in the same investigation, depending on the
investigation issues and context. This is consistent with findings
and recommendations by Salmon and colleagues (Salmon and
Read, 2019; Salmon et al., 2023) and Karanikas (2022). SIAF
stated that “The used analysis method depends on the special
characteristics and circumstances of the analyzed accident. (SIAF,
2020b). The AAIB considered that the various available: “meth-
odologies all have advantages and limitations; inspectors [in-
vestigators} all think differently. A methodology needs to
encourage creativity to allow thinking outside the box, while
having the discipline to pull the multiple threads together”
(AAIB, 2022b).

(4) how and where has SIA methodology usage been documented?
Our research has established that among participating ITSA SIAs,
only the ATSB and DSB made some reference to methodology
usage beyond Annex 13 process material in general areas of their

2
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websites. A number of SIAs made some reference to methodology
use in particular accident investigation reports but this lacked
detail and was likely to be difficult for researchers to find because
of the hundreds or thousands of reports on each SIA’s website. We
were able to find such references in some of the exemplar reports
provided by participants. There was also some methodology
documentation in ICAO and ISASI investigator seminars around
the world and associated publications (e.g., by ATSB, BEA and
TSB) but this was not widely known or cited by academic re-
searchers. Most participant SIA methodology was documented
internally and used in the background for analysis. The type and
extent of methodology usage has only now been made available,
with SIAs’ collaboration, through this research project.

4.3. Limitations

In Section 2 we noted Stake’s encouragement of single researcher
experiential knowledge and multi-case analysis (Stake, 2006: 12, 18).
The primary researcher/author was once an ‘insider’ having led a SIA,
been a chair of ITSA, and actively participated at ICAO in Montréal to
revise Annex 13. Although these roles were completed more than a
decade ago and there was credibility and less risk of misunderstanding
as a result of this background, there is a risk of unconscious bias. Po-
tential limitations and pitfalls of insider case study research (Arber,
2017; Breen, 2007; Chenail, 2011; Emmel, 2013; Greene, 2014; Hella-
well, 2006; Hockey, 1993; Hodkinson, 2005; Merton, 1972; Unluer,
2012) were carefully considered and will be further reviewed as the next
phase of research progresses.

There is a potentially interesting gap between investigation meth-
odologies espoused and stated to be used by ITSA SIAs and the under-
standing and practice of individual SIA investigators but that is not a
focus of this research. There is a substantial and important literature on
mechanisms of learning from accident investigations that is mostly not
within the scope of this paper. Why SIAs do or do not choose and use
particular methodologies is largely not addressed in this initial paper.
Each investigation of a major aviation accident by an SIA can be
considered a form of ‘case study’ (Zotov, 2000) but that is not the usage
in this paper where the focus is on SIA methodology use.

Some important ITSA members such as the US NTSB, Moscow-based
IAC and Sweden’s SHK had not, at the time of writing, chosen to
participate in the research and provide data. A few well-resourced and
experienced SIAs such as the German BFU (2022) are not ITSA members
and some other ICAO State SIAs with an increasingly large
manufacturing base, aircraft fleet and airspace are not ITSA members (e.
g., China’s Office of Aviation Safety and Brazil’s CENIPA). However, the
participant base obtained is diverse, includes important SIAs, and the
nine cases obtained is close to Stake’s suggested qualitative study
maximum.

Exposition and analysis of bespoke SIA methodologies and other
SAMs is an important and major undertaking that is not included in this
paper and will take place in the next phase of research. This will consider
their operational characteristics and adequacy for the purposes they are
used in SIA investigation analysis, including the desirability or other-
wise of using complex non-linear systemic models and/or multiple
models.

5. Conclusions

Research into major aviation accident investigation methodologies
used by the independent government safety investigation authorities
that comprise ITSA had not been undertaken until this study. The initial
research responses of nine ITSA participant SIAs in relation to the four
research questions outlined in the Introduction has been documented
and discussed. Context for the responses was provided by reference to
the international ICAO framework, an overview of safety/accident
models that can underpin major accident causality and investigation
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analysis, previous research on government accident investigation
methodologies, and some background on each participant SIA.

We established that there are gaps (and lack of detail) within Annex
13 and its USOAP audit process concerning SIA use of methodologies for
investigation analysis, gaps regarding SIA knowledge/use of research
literature SAMs and peer bespoke methodologies, and gaps in partici-
pant SIA’s external publications detailing their use of methodologies.
Our research established that methodologies were used by all partici-
pant SIAs in their investigation analysis processes for major aviation
investigations. As summarised in Table 1, these included methodologies
based on Reason, Rasmussen and more recent systemic models, BowTie,
bespoke methodologies developed by individual SIAs, and various other
models including SHELL. All SIAs used multiple methodologies and
some SIAs reported using several of them in the same investigation,
depending on the accident context and stage of investigation. Most of
this methodology usage was not publicly visible or was difficult to find
until provided through this project and paper.

Despite being primarily exploratory and descriptive, the ‘industry
impact’ of this initial qualitative research is hoped to be significant.
Sharing the research with participant SIAs that were unaware of each
other’s practice provides additional options for them to consider. This
paper may also be read by the remaining eight ITSA aviation SIAs and
some non-ITSA SIAs, ICAO staff, professional air safety investigator
members of ISASI, as well as by various researchers who may be better
placed to develop or refine safety/accident models with greater practical
industry relevance. Industry impact should increase as the research
progresses and may include regulators and investigators in other high-
risk industries such as offshore oil and gas (Bills, 2012; Hudson and
Hudson, 2010, 2015), mining (Bills, 2020: 46-8, 56-8, 67-8), and
chemicals (Vuorio et al., 2017) that, unlike aviation, do not have in-
ternational investigation regulatory frameworks and dedicated inde-
pendent government safety investigation bodies.

Further ethics approval has been obtained for an additional research
phase. This will include the primary researcher interviewing staff
designated by ITSA participant SIA heads. It will delve deeper into why
the SIAs use particular investigation methodologies and not others and
whether, in light of this first phase, they intend to consider other op-
tions. More extensive analysis and contextualisation of participant data,
and more detailed exposition and assessment of relevant SAMs and
methodologies, ICAO documentation and past research is being under-
taken. This should enable better understanding of investigation analysis
methodology options and choice and the desirability of bridging any
research/practice gap. It should also assist with improving the content
and impact of safety action and recommendations and other learning
from investigation reports. Our multi-case study will then be instru-
mental in understanding investigation methodologies used in govern-
ment aviation safety practice and future improvement.
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Appendix A. The ICAO international investigation and safety
framework

The Convention on International Civil Aviation was signed in Chi-
cago on 7 December 1944 by 52 States (i.e., countries). Following
ratification of this ‘Chicago Convention’ in 1947 by the required mini-
mum 26 States, the International Civil Aviation Organization (ICAO)
was formally established as a specialised agency of the United Nations
based in Montréal, Canada (ICAO, 2022¢). In 1951 the first edition of the
framework for civil aviation investigation was provided through the
approval of Annex 13 to the Chicago Convention, and the current 12th
edition of Annex 13 was published in 2020 (ICAO, 2020a).

Under Annex 13, the State of Occurrence has the primary re-
sponsibility to investigate an accident or serious incident (which can be
delegated) with the State/s of Operator, Design, and Manufacture able to
be involved in such an investigation through Accredited Representatives
who may be supported by relevant industry and other advisers (ICAO,
2020a).

ICAO regulates civil aviation as a form of ‘system of systems’ (Albers
et al., 2018; Bennett, 2016; Nielsen et al., 2015; Stanton et al., 2012,
2013; Woltjer et al., 2022) that includes large and complex subordinate
systems including airports, aircraft, maintenance, flight and cabin crew,
and air traffic control. ICAO seeks to maximise standardisation, better
practice and overall system safety. As Stoop summarises: “ICAO chose a
strategy with technology as the flywheel for progress, keeping organ-
isational and institutional standardization and harmonization” (Stoop,
2020, 45).

In particular, Annex 13 provides for independent ‘no-blame’ safety
investigation by a SIA (in the Annex termed an accident investigation
authority or AIA):

The accident investigation authority shall have independence in the
conduct of the investigation and have unrestricted authority over its conduct,
consistent with the provisions of this Annex.

The investigation shall normally include

a) the gathering, recording and analysis of all relevant information on
that accident or incident;

b) the protection of certain accident and incident investigation records
in accordance with 5.12;

c) if appropriate, the issuance of safety recommendations;

d) if possible, the determination of the causes and/or contributing
factors; and

e) the completion of the Final Report.

Where feasible, the scene of the accident shall be visited, the wreckage
examined and statements taken from witnesses. The extent of the investiga-
tion and the procedure to be followed in carrying out such an investigation
shall be determined by the accident investigation authority, depending on the
lessons it expects to draw from the investigation for the improvement of
safety. Any investigation conducted in accordance with the provisions of this
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Annex shall be separate from any judicial or administrative proceedings to
apportion blame or liability (ICAO, 2020a: 5.4 & 5.4.1).
Key definitions in Annex 13 include:

(1) Causes. Actions, omissions, events, conditions, or a combination

thereof, which led to the accident or incident. The identification of

causes does not imply the assignment of fault or the determination of
administrative, civil or criminal liability.

Contributing factors. Actions, omissions, events, conditions, or a

combination thereof, which, if eliminated, avoided or absent, would

have reduced the probability of the accident or incident occurring, or
mitigated the severity of the consequences of the accident or incident.

The identification of contributing factors does not imply the assign-

ment of fault or the determination of administrative, civil or criminal

liability.

(3) Investigation. A process conducted for the purpose of accident pre-
vention which includes the gathering and analysis of information, the
drawing of conclusions, including the determination of causes and/or
contributing factors and, when appropriate, the making of safety
recommendations.

(4) Safety recommendation. A proposal of an accident investigation
authority based on information derived from an investigation, made
with the intention of preventing accidents or incidents and which in no
case has the purpose of creating a presumption of blame or liability for
an accident or incident. In addition to safety recommendations arising
from accident and incident investigations, safety recommendations
may result from diverse sources, including safety studies.

(5) Safety recommendation of global concern (SRGC). A safety
recommendation regarding a systemic deficiency having a probability
of recurrence, with significant consequences at a global level, and
requiring timely action to improve safety (ICAO, 2020a: 1-2 & 1-3).

(2

—

Annex 13 is reviewed regularly (ICAO, 2016a, 2020a). Since 2017
this has occurred through an Accident Investigation Group expert Panel
(AIGP) reporting to, and tasked by, ICAO’s Air Navigation Commission
(BEA, 2023a). Occurrence reporting uses data exchange (ECCAIRS) and
a taxonomy (ADREP, 2000) with the ‘SHELL’ model (ICAO, 2020f).

ICAO’s suite of safety-related material (ICAO, 1998, 2003, 2006,
2009, 2011a, 2011b, 2012a, 2012b, 2013, 2014, 2015, 2016c, 2017,
2019a, 2019b, 2020b, 2020d, 2022a, 2022b, 2022d) includes a Global
Aviation Safety Plan and Global Aviation Safety Roadmap (Creamer,
2022; ICAO, 2022f). ICAO also publishes detail on the proactive ele-
ments of safety management systems in Annex 19 and an associated
manual (ICAO, 2016b, 2018a) and requires the reporting of statistics,
technical, audit and other safety data (ICAO, 2019c, 2020c, 2022c,
2022f, 2022g, 2023; see also SKYbrary, n.d.6; SMICG, 2019).

While investigation of accidents to consider causality is a reactive
post-event process, investigating serious incidents and safety recom-
mendations and other safety actions as a result of investigations can be
proactive. For example, there may be safety issues found during an
investigation that were not necessarily linked to an accident sequence
but if unaddressed could lead to a different accident in the future. In
addition, major aviation accident and serious incident investigations
provide the opportunity for new understanding and learning based upon
the depth and systemic manner with which they are undertaken
(Braithwaite, 2010; Stoop and Dekker, 2012).

In ICAO’s Universal Safety Oversight Audit Programme (USOAP) the
aviation arrangements of each ICAO State are audited against key
standards and recommended practices (SARPs). Annex 13 is among the
elements audited from time to time as part of ‘Accident Investigation’.
The percentage of compliance with the SARPs is published by ICAO
enabling public comparison, including with respect to a global average
(ICAO, 2022g, 2023). A State without a competent AIA or where AIA
functions are shared with a regulator and not fully independent in areas
where this is required in the SARPs, all else being equal, is likely to have
a reduced USOAP score for Accident Investigation. The 2020 edition of
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the USOAP has 84 Accident Investigation protocol questions but they do
not include an evaluation of the use of a documented investigation
analysis methodology or of its effectiveness (BEA, 2023a; ICAO, 2020e).

In the course of this research, the primary researcher discovered
some significant inconsistencies under ‘Accident Investigation’ within
the ICAO online USOAP database. Five participant SIAs were impacted,
three seriously. On 3 September 2022, the 2010 result for Japan was 96
% but on 15 April 2023 87 %. On 3 September 2022, the 2008 result for
the Netherlands was 73 % but on 15 April 2023 was 7 %. On 3
September 2022, the 2018 UK result was 83 % but on 15 March 2023 a
2009 result was showing as the latest with a result of 70 %. The issues
were initially raised with the five SIAs and other participants and then
followed-up on 12 May via an email to the ICAO USOAP area and a later
reminder email. While USOAP uses a dynamic/continuous database, and
as new audit results are added the global average will change slightly,
this should not change State results when there is no updated audit
result. Additional information is being obtained on these issues pending
further analysis.

Investigation of major accidents under Annex 13 provisions remains
important but faces challenges (Farrier, 2018; Nagy, 2019; Roed-Larsen
and Stoop, 2012; Vincent et al., 2017; Walsh, 2008). Like the Manual of
Aircraft Accident and Incident Investigation (ICAO, 2011a) and the
earlier related Circulars 240 (1993a) and 247 (1993b), all four editions
of the ICAO Safety Management Manual (SMM) include support for the
Reason and SHELL accident causality models (ICAO, 2006, 2009, 2012b,
2018a). The latest SMM takes a detailed approach to system safety
(ICAO, 2018a).

References

AAIB, 2022a. Initial Response to Request for Participant Research Data. Air Accidents
Investigation Branch, Farnborough, UK.

AAIB, 2010. Final amended report on Boeing 777-236ER G-YMMM fuel system icing
accident on 17 January 2008 released January 2010. URL: https://assets.publishing.
service.gov.uk/media/5422f3dbe5274a1314000495/1-2010_G-YMMM.pdf.
Accessed 23 December 2022.

AAIB, 2016. Report on 1 August 2015 Folland Gnat G-TIMM air display accident released
12 May 2016 via Bulletin 5/2016. URL: https://assets.publishing.service.gov.uk
/media/5714f1f040f0b60385000072/Folland Gnat T_Mk_1_G-TIMM_05-16.pdf.
Accessed 23 December 2022.

AAIB, 2017. Final report on 22 August 2017 Hawker Hunter T7 G-BXFI air display
accident released on 3 March 2017. URL: https://assets.publishing.service.gov.
uk/media/58b9247740f0b67ec80000fc/AAR_1-2017_G-BXFLpdf. Accessed 23
December 2022.

AAIB, 2020. How We Investigate. Air Accidents Investigation Branch, Farnborough, UK.
URL: https://www.gov.uk/government/publications/how-we-investigate/how-we
-investigate. Accessed 16 May 2020.

AAIB, 2022b. Response to Organisational Participant Information Letter. Air Accidents
Investigation Branch, Farnborough, UK. 21 December.

ADREP. 2000. ICAO Taxonomy of accident attributes and related values. URL: http
s://www.icao.int/safety/airnavigation/aig/pages/adrep-taxonomies.aspx Last
accessed 13 September 2023.

AIBN, 2017. The AIBN Method: Framework and Analysis Process for Systemic Safety
Investigations. The Accident Investigation Board Norway, 1% edition, 1 January
2017. URL: https://skybrary.aero/bookshelf/aibn-method-framework-and-analys
is-process-systematic-safety-investigations. Accessed 16 May 2020. (3" edition 2021
renamed the NSIA Method below).

AIC, 2022. Papua New Guinea Accident Investigation Commission. URL: https://www.ai
c.gov.pg/index.php/ Last. Accessed 23 December 2022.

AICC. 2019. ‘About the Accident Investigation Chiefs’ Council (AICC)’. Published by the
UK Government 15 April 2019. URL: https://www.gov.uk/government/publicati
ons/accident-investigation-chiefs-council /accident-investigation-chiefs-council. Last
accessed 26 July 2022.

Albers, A., Mandel, C., Yan, S., Behrendt, M., 2018. System of systems approach for the
description and characterization of validation environments. In: International Design
Conference — Design 2018. Systems Engineering and Design, pp. 2799-2810. doi:
10.21278/idc.2018.0460.

Ale, B.J.M., Bellamy, L.J., Cooke, R.M., Goossens, L.H.J., Hale, A.R., Roelen, A.L.C.,
Smith, E., 2006. Towards a causal model for air transport safety—an ongoing
research project. Saf. Sci. 44 (8), 657-673. https://doi.org/10.1016/j.
ss¢i.2006.02.002.

Amalberti, R., 2001. The paradoxes of almost totally safe transportation systems. Saf. Sci.
37 (2-3), 109-126. https://doi.org/10.1016/50925-7535(00)00045-X.

Amalberti, R., 2013. Navigating Safety: Necessary Compromises and Trade-Offs - Theory
and Practice. Springer.


http://refhub.elsevier.com/S0925-7535(23)00257-6/h0005
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0005
https://assets.publishing.service.gov.uk/media/5422f3dbe5274a1314000495/1-2010_G-YMMM.pdf.+Accessed+23+December+2022
https://assets.publishing.service.gov.uk/media/5422f3dbe5274a1314000495/1-2010_G-YMMM.pdf.+Accessed+23+December+2022
https://assets.publishing.service.gov.uk/media/5422f3dbe5274a1314000495/1-2010_G-YMMM.pdf.+Accessed+23+December+2022
https://assets.publishing.service.gov.uk/media/5714f1f040f0b60385000072/Folland_Gnat_T_Mk_1_G-TIMM_05-16.pdf
https://assets.publishing.service.gov.uk/media/5714f1f040f0b60385000072/Folland_Gnat_T_Mk_1_G-TIMM_05-16.pdf
https://assets.publishing.service.gov.uk/media/58b9247740f0b67ec80000fc/AAR_1-2017_G-BXFI.pdf
https://assets.publishing.service.gov.uk/media/58b9247740f0b67ec80000fc/AAR_1-2017_G-BXFI.pdf
https://www.gov.uk/government/publications/how-we-investigate/how-we-investigate
https://www.gov.uk/government/publications/how-we-investigate/how-we-investigate
https://www.icao.int/safety/airnavigation/aig/pages/adrep-taxonomies.aspx
https://www.icao.int/safety/airnavigation/aig/pages/adrep-taxonomies.aspx
https://skybrary.aero/bookshelf/aibn-method-framework-and-analysis-process-systematic-safety-investigations
https://skybrary.aero/bookshelf/aibn-method-framework-and-analysis-process-systematic-safety-investigations
https://www.aic.gov.pg/index.php/
https://www.aic.gov.pg/index.php/
https://www.gov.uk/government/publications/accident-investigation-chiefs-council/accident-investigation-chiefs-council
https://www.gov.uk/government/publications/accident-investigation-chiefs-council/accident-investigation-chiefs-council
https://doi.org/10.1016/j.ssci.2006.02.002
https://doi.org/10.1016/j.ssci.2006.02.002
https://doi.org/10.1016/S0925-7535(00)00045-X
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0065
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0065

K. Bills et al.

ARAIB, 2020. Investigation Process. Aviation and Railway Accident Investigation Board,
Republic of Korea. URL: http://araib.molit.go.kr/USR/WPGE0201/m_34599/DTL.
jsp. Accessed 16 May.

Arber, A., 2017. Managing the dual identity: practitioner and researcher. In: Allan, H.T.,
Arber, A. (Eds.), Emotions and Reflexivity in Health & Social Care Field Research.
Palgrave Macmillan. Chapter 4, pp. 57-74. doi: 10.1007/978-3-319-65503-1_4.

ATSB & NTSC, 2018. ‘Investigation Analysis Training for APAC States/Administrations’.
Sixth Meeting of the Asia Pacific Investigation Group (APAC-AIG/6), ICAO, Bangkok,
Thailand, 11-12 October. URL: https://www.icao.int/APAC/Meetings/pages
/2018-APAC-AIG6-APAC-AIGWorkshop-.aspx. Accessed 11 July 2022.

ATSB, 2007a. Collision with Terrain 11 Km NW Lockhart River Aerodrome 7 May 2005
VH-TFU. Australian Transport Safety Bureau, Canberra.. Accessed 17 September
2020. URL: https://www.atsb.gov.au/publications/investigation_reports/2005
/AAIR/aair200501977.

ATSB, 2007b. ATSB Annual Review 2007. ‘Projects’ 67. Australian Transport Safety
Bureau, Canberra. URL: https://www.atsb.gov.au/media/29489/annual review 07.
pdf. Accessed 3 October 2022.

ATSB, 2009. Past, Present, Future: The Australian Transport Safety Bureau. Australian
Transport Safety Bureau, Canberra. URL: https://www.atsb.gov.au/publications/
2010/past_present_future.aspx. Accessed 17 September 2020.

ATSB, 2017. Fuel planning event, weather-related event and ditching involving Israel
Aircraft Industries Westwind 1124A, VH-NGA, 6.4 km WSW of Norfolk Island
Airport, on 18 November 2009. Final report AO-2009-072 released 23 November
2017. Australian Transport Safety Bureau, Canberra. URL: https://www.atsb.gov.
au/publications/investigation_reports/2009/aair/ao-2009-072. Last accessed 8
March 2023.

ATSB, 2019a. The Investigation Process. Australian Transport Safety Bureau, Canberra.
URL: https://www.atsb.gov.au/about_atsb/investigation-process/. Accessed 17
September 2020.

ATSB, 2019b. Analysis Reference B: Tools and Forms. 29 November internal draft.
Australian Transport Safety Bureau, Canberra.

ATSB, 2019c. Submission of the Australian Transport Safety Bureau to the Productivity
Commission Inquiry on National Transport Regulatory Reform. 12 July 2019. ATSB,
Canberra. URL: https://www.pc.gov.au/_data/assets/pdf_file/0003/243480/sub0
39-transport.pdf. Accessed 24 August 2022.

ATSB, 2020a. Aviation Occurrence Statistics 2010 to 2019. Statistical Report AR 2020-
014 published 29 April 2020. Australian Transport Safety Bureau, Canberra. URL:
https://www.atsb.gov.au/publications/2020/ar-2020-014/. Last accessed 23
September 2022.

ATSB, 2020b. Submission of the Australian Transport Safety Bureau to the Productivity
Commission Inquiry Draft Report on National Transport Regulatory Reform. URL:
https://www.atsb.gov.au/media/5777402/subdr058-transport.pdf. Accessed 24
August 2022.

ATSB, 2020c. Safety Improvement Reference Framework (SIRF) — Occurrence
Investigation — Analysis. Australian Transport Safety Bureau, Canberra. Version 2.7c,
24 March.

ATSB, 2020d. Analysis Checklists. Australian Transport Safety Bureau, Canberra. 25
March.

ATSB, 2020e. Analysis Reference A: Terms and Concepts. Australian Transport Safety
Bureau, Canberra. 30 March.

ATSB, 2021a. Investigation Level: Investigation Types. Australian Transport Safety
Bureau, Canberra. URL: https://www.atsb.gov.au/about atsb/investigation
-process/investigation-level/. Accessed 26 September 2021.

ATSB, 2021b. Collision with water involving a de Havilland Canada DHC-2 Beaver
aircraft, VH-NOO, at Jerusalem Bay, Hawkesbury River, NSW on 31 December
2017. Australian Transport Safety Bureau, Canberra. URL: https://www.atsb.gov.
au/publications/investigation_reports/2017/aair/ao-2017-118. Last accessed 8
March 2023.

ATSB, 2021c. Assisting Investigation through an Investigation Management System. In:
Ninth Meeting of the ASIA Pacific Accident Investigation Group (APAC-AIG/9).
27-28 October, ICAO, Bangkok. URL: https://www.icao.int/APAC/Meetings
/2021APACAIG9/APAC-AIG9 %20AI_4 %20- %20WP-06 %20- %20[AUS] %20 %
20Assisting %20Investigation ATSB %20R_1.pdf#search=accident %20investiga
tion %20methodology. Accessed 9 March 2023.

ATSB, 2022a. Collision with terrain involving Lockheed EC130Q, N134CG, 50 km north-
east of Cooma-Snowy Mountains Airport (near Peak View), New South Wales, on 23
January 2020. Australian Transport Safety Bureau, Canberra. URL: https://www.
atsb.gov.au/publications/investigation_reports/2020/aair/ao-2020-007. Last
accessed 8 March 2023.

ATSB, 2022b. Enhancing Accident Investigation Capabilities: A Project Management
Approach to Investigations. Tenth Meeting of the Asia Pacific Accident Investigation
Group, ICAO, Bangkok, 9-10 November. URL: https://www.icao.int/APAC/Meetin
gs5/2022 %20APACAIG10/APAC-AIG10 %20AI 4 %20WP-08 %20- %20[AUS] %
20InvestigationPhases.pdf#search=A %20Project %20Management %20Approach
%20to %20Investigations. Last accessed 8 March 2023.

ATSB, 2022c. ATSB strategic partnership with RMIT University offering qualifications in
transport safety investigation. Tenth Meeting of the Asia Pacific Accident
Investigation Group, ICAO, Bangkok, 9-10 November.URL: https://www.icao.in
t/APAC/Meetings/2022 %20APACAIG10/APAC-AIG10 %20AI_4 %20WP-09 %20-
%20[AUS] %20ATSB %20partnership %20with %20RMIT %20- %20Graduate %
20Certificate %20in %20Transport %20Safety %20Investigation.pdf#search
—accident %20investigation %20methodology. Accessed 9 March 2023.

ATSB, 2023a. Verbal follow-up response to request for participant research data
including three exemplar investigation reports and APAC AIG paper. Australian
Transport Safety Bureau, Canberra. 6 March.

13

Safety Science 168 (2023) 106315

ATSB, 2023b. Formal written response to research questions. Australian Transport Safety
Bureau, Canberra. 16 May.

BASI, 1994. Investigation Report 9301743: Piper PA31-350 Chieftain VH-NDU Young,
NSW 11 June 1993. URL: https://www.atsb.gov.au/media/25055/aair19930174
3_001.pdf last accessed 23 September 2022.

BEA, 2012. Final Report on the accident on 1% June 2009 to the Airbus A330-203
registered F-GZCP operated by Air France flight AF 447 Rio de Janeiro — Paris.
Published 5 July 2012. URL: https://bea.aero/docspa/2009/f-cp090601.en/pd
f/f-cp090601.en.pdf. Accessed 7 October 2020.

BEA, 2016a. Final Report on the serious incident on 24 May 2011 during descent to
Kuala Lumpur Airport (Malaysia) to the Dassault Falcon 7X registered HB-JFN
operated by Jet Link AG. Published February 2016. URL: https://bea.aero/uploads/t
x_elydbrapports/hb-n110525.en_01.pdf. Accessed 19 November 2021.

BEA, 2016b. Final Report Accident on 24 March 2015 at Prads-Haute-Bléone (Alpes-de-
Haute-Provence, France) to the Airbus A320-211 registered D-AIPX operated by
Germanwings’. Published 13 March 2016. URL: https://bea.aero/uploads/
tx_elydbrapports/BEA2015-0125.en-LR.pdf. Accessed 7 October 2020.

BEA, 2018. Overview of the BEA Analysis Framework. Presentation by France to ICAO
Sixth Meeting of the Asia Pacific Accident Investigation Group (APAC-AIG/6),
Bangkok, 11-12 October. URL: https://www.icao.int/APAC/Meetings/Pages
/2019-APAC-AIG6-APAC-AIGWorkshop-.aspx. Accessed 6 July 2022.

BEA, 2019. Final Investigation Report into the serious incident to the AIRBUS A340-313E
registered F-GLZU and operated by AIR FRANCE on 11 March 2017 at Bogota
(Colombia)’. Published July 2019. URL: https://bea.aero/uploads/tx_elydbrapports/
BEA2017-0148.en.pdf. Accessed 19 November 2021.

BEA, 2020. Conduct of an Investigation. Bureau d’ Enquetes et d’ Analyses Pour La
Securite de I’aviation Civile. URL: https://www.bea.aero/en/the-safety-inves
tigation/conduct-of-an-investigation/. Accessed 16 May 2020.

BEA, 2021. Provision of initial research participant data: analysis methodology paper -
Use of data science to make the difference in the investigation analysis process, ISASI
2017, links to two major aviation investigations illustrating BEA use of analysis
methodology. Bureau d’ Enquetes et d” Analyses Pour La Securite de I’aviation
Civile, Paris.

BEA, 2023a. Emailed comments on an initial draft of the paper including background
papers related to the BEA methodology written in 2002 and 2003 by Jean Paries and
Corinne Bieder of Dédale SAS company. 15 & 17 February.

BEA, 2023b. Emailed comments in relation to issues with ICAP USOAP data on Accident
Investigation. 17 & 18 April.

Bellamy, L.J., Alea, B.J.M., Geyerc, T.A.W., Goossensd, L.H.J., Haled, A.R., Ohe, J.,
Mude, M., Bloemhofe, A., Papazoglouf, I.A., Whistong, J.Y., 2007. Storybuilder - a
tool for the analysis of accident reports. Reliab. Eng. Syst. Saf. 92 (6), 735-744.
https://doi.org/10.1016/j.ress.2006.02.010.

Benner Jr., L., 1985. Rating accident models and investigation methodologies. J. Saf. Res.
16 (3), 105-126. https://doi.org/10.1016/0022-4375(85)90038-6.

Benner, L. Jr., 1975. Accident investigations: multilinear events sequencing methods. J.
Saf. Res. 7(2), 67-73. URL: http://www.ludwigbenner.org/papersa/MES75.htm.
Accessed 10 October 2020.

Benner, L. Jr. 1980. Accident Investigations: A Case for New Perceptions and
Methodologies. Automotive Engineering Congress and Exposition. February. URL:
https://www.ludwigbenner.org/papersa/SAE80.html. Accessed 14 April 2020.

Benner, L. Jr., 2003. Investigating Investigation Methodologies. Second Workshop on the
Investigation and Reporting of Incidents and Accidents, IRIA 2003. NASA/CP-2003-
212642, September. Starline Software, Oakton, VA.URL: https://shemesh.larc.nasa.
gov/fm/papers/Hayhurst-2003-cp212642-IRIA.pdf. Accessed 14 April 2020.

Benner, L. Jr., 2013. Standardizing Safety Investigation Inputs to Reduce Risks. 45th
ESReDA Seminar, Oporto, Portugal, October 23-24, 1-17. URL: https://www.ludw
igbenner.org/presentations/ESReDA45-Benner %20paper.pdf. Accessed 14 April
2020.

Benner, L. Jr., 2020. Personal communications with principal author. April.

Bennett, S.A., 2016. The benefits of a systems-thinking approach to accident
investigation. In: Masys, A. (Ed.), Applications of Systems Thinking and Soft
Operations Research in Managing Complexity, Advanced Sciences and Technologies
for Security Applications. Springer International Publishing, Switzerland Chapter 10,
pp. 203-226. doi: 10.1007/978-3-319-21106-0_10.

BFU, 2022. German Federal Bureau of Aircraft Accident Investigation (Bundesstelle fiir
Flugunfalluntersuchung). URL: https://www.bfu-web.de/EN/Home/homepage_
node.html. Accessed 18 September 2022.

Bice, M., Hayes, J., 2009. Risk management: from hazard logs to bow ties. In: Hopkins, A.
(Ed.), Learning from High Reliability Organisations. CCH Australia Limited. Chapter
4, pp. 59-85.

Bills, K., Costello, L., Cattani, M., 2023. Barry Turner: the under-acknowledged safety
pioneer. Forthcoming publication in Safety MDPI.

Bills, K., 2007. Accident Investigations Still Important. AeroSafetyWorld. Flight Safety
Foundation, September, 32-33. URL: https://flightsafety.org/asw/sept07/asw_sep
t07_p32-33.pdf. Last accessed 12 July 2022.

Bills, K., 2012. Learning from MAEs and building local capacity to prevent them. In:
Paper presented at the Society of Petroleum Engineers (SPE) and APPEA
International Conference on Health, Safety and Environment in Oil and Gas
Exploration and Production, Perth, Australia, September 2012. Paper Number: SPE-
155670-MS. doi: 10.2118/155670-MS.

Bills, K., 2020. Statutory Review of the Work Health and Safety (Mines and Petroleum
Sites) Act and Regulation. New South Wales Government Resources Regulator. URL:
https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/whs-
mines-and-petroleum-sites-act-and-regulation-statutory-review-report-october-
2020.pdf. Last accessed 21 November 2020.


http://araib.molit.go.kr/USR/WPGE0201/m_34599/DTL.jsp
http://araib.molit.go.kr/USR/WPGE0201/m_34599/DTL.jsp
https://www.icao.int/APAC/Meetings/pages/2018-APAC-AIG6-APAC-AIGWorkshop-.aspx
https://www.icao.int/APAC/Meetings/pages/2018-APAC-AIG6-APAC-AIGWorkshop-.aspx
https://www.atsb.gov.au/publications/investigation_reports/2005/AAIR/aair200501977
https://www.atsb.gov.au/publications/investigation_reports/2005/AAIR/aair200501977
https://www.atsb.gov.au/media/29489/annual_review_07.pdf
https://www.atsb.gov.au/media/29489/annual_review_07.pdf
https://www.atsb.gov.au/publications/2010/past_present_future.aspx
https://www.atsb.gov.au/publications/2010/past_present_future.aspx
https://www.atsb.gov.au/publications/investigation_reports/2009/aair/ao-2009-072
https://www.atsb.gov.au/publications/investigation_reports/2009/aair/ao-2009-072
https://www.atsb.gov.au/about_atsb/investigation-process/
https://www.pc.gov.au/__data/assets/pdf_file/0003/243480/sub039-transport.pdf
https://www.pc.gov.au/__data/assets/pdf_file/0003/243480/sub039-transport.pdf
https://www.atsb.gov.au/publications/2020/ar-2020-014/
https://www.atsb.gov.au/media/5777402/subdr058-transport.pdf
https://www.atsb.gov.au/about_atsb/investigation-process/investigation-level/
https://www.atsb.gov.au/about_atsb/investigation-process/investigation-level/
https://www.atsb.gov.au/publications/investigation_reports/2017/aair/ao-2017-118
https://www.atsb.gov.au/publications/investigation_reports/2017/aair/ao-2017-118
https://www.icao.int/APAC/Meetings/2021APACAIG9/APAC-AIG9%e2%80%af%2520AI_4%e2%80%af%2520-%e2%80%af%2520WP-06%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520%e2%80%af%2520Assisting%e2%80%af%2520Investigation_ATSB%e2%80%af%2520R_1.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2021APACAIG9/APAC-AIG9%e2%80%af%2520AI_4%e2%80%af%2520-%e2%80%af%2520WP-06%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520%e2%80%af%2520Assisting%e2%80%af%2520Investigation_ATSB%e2%80%af%2520R_1.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2021APACAIG9/APAC-AIG9%e2%80%af%2520AI_4%e2%80%af%2520-%e2%80%af%2520WP-06%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520%e2%80%af%2520Assisting%e2%80%af%2520Investigation_ATSB%e2%80%af%2520R_1.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2021APACAIG9/APAC-AIG9%e2%80%af%2520AI_4%e2%80%af%2520-%e2%80%af%2520WP-06%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520%e2%80%af%2520Assisting%e2%80%af%2520Investigation_ATSB%e2%80%af%2520R_1.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.atsb.gov.au/publications/investigation_reports/2020/aair/ao-2020-007
https://www.atsb.gov.au/publications/investigation_reports/2020/aair/ao-2020-007
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-08%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520InvestigationPhases.pdf%23search=A%e2%80%af%2520Project%e2%80%af%2520Management%e2%80%af%2520Approach%e2%80%af%2520to%e2%80%af%2520Investigations
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-08%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520InvestigationPhases.pdf%23search=A%e2%80%af%2520Project%e2%80%af%2520Management%e2%80%af%2520Approach%e2%80%af%2520to%e2%80%af%2520Investigations
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-08%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520InvestigationPhases.pdf%23search=A%e2%80%af%2520Project%e2%80%af%2520Management%e2%80%af%2520Approach%e2%80%af%2520to%e2%80%af%2520Investigations
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-08%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520InvestigationPhases.pdf%23search=A%e2%80%af%2520Project%e2%80%af%2520Management%e2%80%af%2520Approach%e2%80%af%2520to%e2%80%af%2520Investigations
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-09%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520ATSB%e2%80%af%2520partnership%e2%80%af%2520with%e2%80%af%2520RMIT%e2%80%af%2520-%e2%80%af%2520Graduate%e2%80%af%2520Certificate%e2%80%af%2520in%e2%80%af%2520Transport%e2%80%af%2520Safety%e2%80%af%2520Investigation.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-09%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520ATSB%e2%80%af%2520partnership%e2%80%af%2520with%e2%80%af%2520RMIT%e2%80%af%2520-%e2%80%af%2520Graduate%e2%80%af%2520Certificate%e2%80%af%2520in%e2%80%af%2520Transport%e2%80%af%2520Safety%e2%80%af%2520Investigation.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-09%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520ATSB%e2%80%af%2520partnership%e2%80%af%2520with%e2%80%af%2520RMIT%e2%80%af%2520-%e2%80%af%2520Graduate%e2%80%af%2520Certificate%e2%80%af%2520in%e2%80%af%2520Transport%e2%80%af%2520Safety%e2%80%af%2520Investigation.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-09%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520ATSB%e2%80%af%2520partnership%e2%80%af%2520with%e2%80%af%2520RMIT%e2%80%af%2520-%e2%80%af%2520Graduate%e2%80%af%2520Certificate%e2%80%af%2520in%e2%80%af%2520Transport%e2%80%af%2520Safety%e2%80%af%2520Investigation.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2022%e2%80%af%2520APACAIG10/APAC-AIG10%e2%80%af%2520AI_4%e2%80%af%2520WP-09%e2%80%af%2520-%e2%80%af%2520%5bAUS%5d%e2%80%af%2520ATSB%e2%80%af%2520partnership%e2%80%af%2520with%e2%80%af%2520RMIT%e2%80%af%2520-%e2%80%af%2520Graduate%e2%80%af%2520Certificate%e2%80%af%2520in%e2%80%af%2520Transport%e2%80%af%2520Safety%e2%80%af%2520Investigation.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.atsb.gov.au/media/25055/aair199301743_001.pdf
https://www.atsb.gov.au/media/25055/aair199301743_001.pdf
https://bea.aero/docspa/2009/f-cp090601.en/pdf/f-cp090601.en.pdf
https://bea.aero/docspa/2009/f-cp090601.en/pdf/f-cp090601.en.pdf
https://bea.aero/uploads/tx_elydbrapports/hb-n110525.en_01.pdf
https://bea.aero/uploads/tx_elydbrapports/hb-n110525.en_01.pdf
https://bea.aero/uploads/tx_elydbrapports/BEA2015-0125.en-LR.pdf
https://bea.aero/uploads/tx_elydbrapports/BEA2015-0125.en-LR.pdf
https://www.icao.int/APAC/Meetings/Pages/2019-APAC-AIG6-APAC-AIGWorkshop-.aspx
https://www.icao.int/APAC/Meetings/Pages/2019-APAC-AIG6-APAC-AIGWorkshop-.aspx
https://bea.aero/uploads/tx_elydbrapports/BEA2017-0148.en.pdf
https://bea.aero/uploads/tx_elydbrapports/BEA2017-0148.en.pdf
https://www.bea.aero/en/the-safety-investigation/conduct-of-an-investigation/
https://www.bea.aero/en/the-safety-investigation/conduct-of-an-investigation/
https://doi.org/10.1016/j.ress.2006.02.010
https://doi.org/10.1016/0022-4375(85)90038-6
http://www.ludwigbenner.org/papersa/MES75.htm
https://www.ludwigbenner.org/papersa/SAE80.html
https://shemesh.larc.nasa.gov/fm/papers/Hayhurst-2003-cp212642--IRIA.pdf
https://shemesh.larc.nasa.gov/fm/papers/Hayhurst-2003-cp212642--IRIA.pdf
https://www.ludwigbenner.org/presentations/ESReDA45-Benner%e2%80%af%2520paper.pdf
https://www.ludwigbenner.org/presentations/ESReDA45-Benner%e2%80%af%2520paper.pdf
https://www.bfu-web.de/EN/Home/homepage_node.html
https://www.bfu-web.de/EN/Home/homepage_node.html
https://flightsafety.org/asw/sept07/asw_sept07_p32-33.pdf
https://flightsafety.org/asw/sept07/asw_sept07_p32-33.pdf
https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/whs-mines-and-petroleum-sites-act-and-regulation-statutory-review-report-october-2020.pdf
https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/whs-mines-and-petroleum-sites-act-and-regulation-statutory-review-report-october-2020.pdf
https://www.resourcesregulator.nsw.gov.au/sites/default/files/documents/whs-mines-and-petroleum-sites-act-and-regulation-statutory-review-report-october-2020.pdf

K. Bills et al.

Birt, L., Scott, S., Cavers, D., Campbell, C., Walter, F., 2016. Member checking: A tool to
enhance trustworthiness or merely a nod to validation?’. Qual. Health Res. 26 (13),
1802-1811. https://doi.org/10.1177,/1049732316654870.

Blunden, A., 2015. Engestrom’s Activity Theory and Social Theory. URL: https://www.
ethicalpolitics.org/ablunden/pdfs/Engestrom.pdf. Accessed 15 December 2020.
Boudou, B., Ferrante, O., 2002. Genesis of a feedback system based on human factors for
the prevention of accidents in general aviation. In: Johnson, C.W. (Ed.), Workshop

on the Investigation and Reporting of Incidents and Accidents (IRIA 2002). GIST
Technical Report G2002-2, Department of Computing Science, University of
Glasgow, pp. 204-214. URL: http://www.dcs.gla.ac.uk/~johnson/iria2002/IRIA
_2002.pdf (An adaption of a 2002 BEA study with the same title at https://bea.aero.
etudes/genesis/genesis.htm) Both versions accessed 17 July 2022.

Braithwaite, G.R., 2010. Twenty-First Century Reliability Accident investigation and the
search for systemic failures. Saf. Reliab. 30 (3), 47-57. https://doi.org/10.1080/
09617353.2010.11690914.

Branford, K., 2011. Seeing the big picture of mishaps: applying the AcciMap approach to
analyze system accidents. Aviat. Psychol. Appl. Hum. Fact. 1 (1), 31-37. https://doi.
org/10.1027/2192-0923/a00005.

Branford, K., Naikar, N., Hopkins, A., 2009. Guidelines for accimap analysis. In: Hopkins,
A. (Ed.), Learning from High Reliability Organisations. CCH Australia Limited.
Chapter 10, pp. 193-212.

Breen, L.J., 2007. ““The Researcher in the middle”: Negotiating the insider/outsider
dichotomy’. The Australian Community Psychologist. Vol.19, No.1, 163-174. URL:
https://psychology.org.au/aps/media/acp/breen_19(1).pdf. Accessed 18 March
2020.

Burggraaf, J., Groeneweg, J., 2016. Managing the human factor in incident investigation
process. In: Paper SPE-179207-MS to SPE International Conference and Exhibition
on Health, Safety, Security, Environment, and Social Responsibility, Stavanger,
Norway, 11-13 April. OnePetro. doi: 10.2118/179207-MS.

Burin, J., 2018. The Role of Investigations in Creating and Implementing Safety Nets:
Minding the Gap. ISASI Forum. July-September, 19-21. URL: https://www.isasi.
org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf.
Accessed 11 July 2022.

Busch, C., 2021. Preventing Industrial Accidents: Reappraising H.W. Heinrich — More
Than Triangles and Dominoes. Routledge.

Busch, C., 2018. Heinrich’s Local Rationality: Shouldn’t ‘New View’ Thinkers Ask Why
Things Made Sense to Him? MSc thesis in Human Factors and Systems Safety, Lund
University, Netherlands. URL: https://lup.lub.lu.se/student-papers/search/publicat
i0n/8975267. Accessed 18 June 2020.

CAA, 2022a. ‘Airprox Incidents’ investigated by the UK Airprox Board (UKAB). URL:
https://www.caa.co.uk/our-work/make-a-report-or-complaint/accident-and-ser
ious-incident-reporting/. Accessed 27 September 2022.

CAA, 2022b. UK Mandatory Occurrence Reporting. URL: https://www.caa.co.uk/our
-work/make-a-report-or-complaint/mor/occurrence-reporting/. Accessed 27
September 2022.

Cedergren, A., Petersen, K., 2011. Prerequisites for Learning from Accident
Investigations - A Cross-Country Comparison of National Accident Investigation
Boards. Saf. Sci. 49 (8-9), 1238-1245. https://doi.org/10.1016/j.ss¢i.2011.04.005.

Chenail, R.J., 2011. Interviewing the investigator: strategies for addressing
instrumentation and researcher bias concerns in qualitative research. Qual. Rep. 16
(1), 255-262. https://doi.org/10.46743/2160-3715/2011.1051.

Chionis, D., Karanikas, N., Iordan, A.-R., Svensson-Dianellou, A., 2022. Risk perception
and communication factors in aviation: insights from safety investigators. J. Risk
Res. 25 (7), 844-859. https://doi.org/10.1080/13669877.2022.2038246.

Choudet, M., David, S., 2017. Use of data science to make the difference in the
investigation analysis process. ISASI 2017 Technical Paper. URL: https://www.isasi.
org/Library/technical-papers.aspx. Accessed 31 August 2021.

Chung, A.Z.Q., Shorrock, S.T., 2011. The research-practice relationship in ergonomics
and human factors — surveying and bridging the gap. Ergonomics 54 (5), 413-429.
https://doi.org/10.1080/00140139.2011.568636.

Colavita, M., 2019. EASA Involvement in Safety Investigations. ISASI Forum.
January-March, 17-21. URL: https://www.isasi.org/Documents/ForumMagazi
nes/Forum-2019-JanToMarch.pdf. Accessed 11 July 2022.

Creamer, S., 2022. A look at Recent ICAO Activities. ISASI Forum, January-March,
25-27. URL: https://www.isasi.org/Library/e-magazine.aspx?FilePath=Document
s/FlipBook/Forum-2022-JanToMarch/Forum-2022-JanToMarch.html?v=99.
Accessed 28 August 2022.

Cresswell, J.W., Poth, C.N., 2017. Qualitative Inquiry and Research Design: Choosing
among Five Approaches, 4th edn. SAGE.

Dam, L., 2016. The Benefits of the ICAM Incident Investigation Process. URL:
https://www.safetywise.com/post/2016/02/24/the-benefits-of-the-icam-inciden
t-investigation-process.. Accessed 17 April 2020.

David, S., Romat, D., 2017. Reverse Engineering the Causal Links Reveals Safety Analysis
Issues.

Dechy, N., Dien, Y., Funnemark, E., Roed-Larsen, S., Stoop, J., Valvisto, T., Arellano, A.,
2012. Results and Lessons Learned from the ESReDA’s Accident Investigation
Working Group. Introducing Article to “Safety Science” Special Issue on “Industrial
Events Investigation. Saf. Sci. 50(6), 1380-1391. doi: 10.1016/j.ss¢i.2009.10.004.

Dekker, S., 2004a. Investigating human error: incidents, accidents and complex systems.
Risk Manage. 8, 73-74. https://doi.org/10.1057/palgrave.rm.8240175.

Dekker, S., 2004b. Why we need new accident models. Hum. Fact. Aerosp. Saf. 4 (1),
1-18. https://doi.org/10.4324/9781315259482-18.

Dekker, S., 2011a. Drift into Failure: From Hunting Broken Components to
Understanding Complex Systems. Ashgate.

14

Safety Science 168 (2023) 106315

Dekker, S., Pitzer, C., 2016. Examining the asymptote in safety progress: a literature
review. Int. J. Occup. Saf. Ergon. 22 (1), 57-65. https://doi.org/10.1080/
10803548.2015.1112104.

Dekker, S.W.A., 2004c. The hindsight bias is not a bias and not about history. Technical
Report 2004-01. Lund University School of Aviation. Also available at: http://sidne
ydekker.stackedsite.com/wp-content/uploads/sites/899/2013/01/HindsightHisto
ry.pdf. Accessed 3 October 2022.

Dekker, S., 2011b. Systems Thinking 1.0 and Systems Thinking 2.0: Complexity science
and a new conception of “cause”. Aviat. Focus — J. Aeronaut. Sci. 2(2). URL: https://
revistaseletronicas.pucrs.br/ojs/index.php/aviation/article/view/9589. Accessed 5
February 2023.

Desjardin, A., 2015a. Managing a large scale accident/incident investigation. Paper P/03
by the BEA of France to the ICAO Accident/Incident Investigation Workshop
(ACCINV), Mexico City, 20-24 July 2015. URL: https://www.icao.int/NACC/D
ocuments/Meetings/2015/ACCINV/D1-P3.pdf. Accessed 9 March 2023.

Desjardin, A., 2015b. Investigation of Human and Organizational factors. Paper P/04 by
the BEA of France to the ICAO Accident/Incident Investigation Workshop (ACCINV),
Mexico City, 20-24 July 2015. URL: https://www.icao.int/NACC/Documents/M
eetings/2015/ACCINV/D1-P4.pdf. Accessed 9 March 2023.

Desjardin, A., 2015c. BEA’s Analysis Methodology. Paper P/05 by the BEA of France to
the ICAO Accident/Incident Investigation Workshop (ACCINV), Mexico City, 20-24
July 2015. URL: https://www.icao.int/NACC/Documents/Meetings/2015/
ACCINV/D1-P5.pdf. Accessed 9 March 2023.

Dodshon, P., Hassall, M.A., 2017. Practitioners’ perspectives on incident investigations.
Saf. Sci. 93, 187-198. https://doi.org/10.1016/j.ss¢i.2016.12.005.

DSB, 2011. Take-off from Taxiway: Amsterdam Airport Schiphol, 10 February 2010.
Final report into the serious incident in English, December 2011. Dutch Safety
Board. URL: https://www.onderzoeksraad.nl/en/page/1288/take-off-from-taxiway-
boeing-737-306-amsterdam-schiphol-airport-10. Accessed 3 December 2020.

DSB, 2017. Summary: Schiphol air traffic safety. Final report summary in English, April
2017. Dutch Safety Board. URL: https://www.onderzoeksraad.nl/en/page/424
7 /investigation-into-air-traffic-safety-at-amsterdam-airport-schiphol. Accessed 3
December 2020.

DSB, 2020a. Analysis - Dutch Safety Board Investigations and Method. Dutch Safety
Board. URL: https://www.onderzoeksraad.nl/en/page/12329/analysis. Accessed 16
May 2020.

DSB, 2020b. Provision of initial research participant data: response to initial questions
and links to two recent major DSB aviation investigations illustrating use of
methodology, Influence Study: Development of a methodology document in Dutch,
Tripod Beta User Guide, STAMP masterclass by Leveson PowerPoint and CAST
guided exercise. Dutch Safety Board. 2 December 2020.

DSB, n.d. Onderzoek naar invloed: Ontwikkeling van een methods (Influence Study:
Development of a methodology document). Eefje Leydesdorff, Seija Pijnse van der
Aa and Neils Smith for the Dutch Safety Board. Undated working paper, provided 2
December 2020.

EC, 2022. About the ENCASIA network & ENCASIA activities. European Network of Civil
Aviation Safety Investigation Authorities. URL: https://transport.ec.europa.eu/tr
ansport-modes/air/about-encasia-network_en. Accessed 18 September 2022.

Ecalle, V., 2020. Unstabilized Takeoff Techniques on the A340-300. ISASI Forum,
October-December, 4-7. URL: https://www.isasi.org/Documents/ForumMagazines
/Forum-2020-OctToDecember.pdf. Accessed 11 July 2022.

Edwards, E., 1972. Man and Machine: Systems for Safety. In: Proceedings of the British
AirLine Pilots Association (BALPA) Technical Symposium on the Outlook for Safety.
British AirLine Pilots Association, pp. 21-36.

Emmel, N., 2013. Sampling and Choosing Cases in Qualitative Research. SAGE
Publications.

ENCASIA, 2020. European Network of Civil Aviation Safety Investigation Authorities
Annual Report 2019. URL: https://transport.ec.europa.eu/system/files/2020-05/20
19-encasia-report.pdf. Accessed 18 September 2022.

ENCASIA, 2022. European Network of Civil Aviation Safety Investigation Authorities
Annual Report 2021. URL: https://transport.ec.europa.eu/system/files/2022-05/20
21-encasia-report.pdf. Accessed 18 September 2022.

Energy Institute, 2008. Guidance on investigating and Analysing Human and
Organisational Factors Aspects of Incidents and Accidents. Energy Institute, London.
(superseded by a renamed 2016 publication).

Energy Institute, 2015. Tripod Beta: Guidance on Using Tripod Beta in the Investigation
and Analysis of Incidents, Accidents and Business Losses. Energy Institute, London.
(latest version is 5.1 of November 2017).

Ergai, A., Tara, C., Julia, S., Wiegmann, D., Gramopadhye, A., Shappell, S., 2016.
Assessment of the Human Factors Analysis and Classification System (HFACS): Intra-
rater and inter-rater reliability. Saf. Sci. 82, 393-398. https://doi.org/10.1016/j.
s5¢i.2015.09.028.

ESReDA, 2009. Guidelines for Safety Investigation of Accidents. European Safety,
Reliability & Data Association. ESReDA Working Group on Accident Investigation.
URL: https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_GLSIA Fin
al_June 2009 For Download.pdf. Accessed 17/4/21.

ESReDA, 2015a. Barriers to Learning from Incidents and Accidents ESReDA Guidelines.
European Safety, Reliability & Data Association. URL: https://www.esreda.org/w
p-content/uploads/2021/01/ESReDA-barriers-learning-accidents-1.pdf. Accessed
17/4/21.

ESReDA, 2015b. Case Study Analysis on Dynamic Learning from Accidents: The ESReDA
Cube, a Method and Metaphor for Exploring a Learning Space for Safety. European
Safety, Reliability & Data Association. URL: https://www.esreda.org/wp-content/
uploads/2021/01/ESReDA-dynamic-learning-case-studies-180315-1.pdf. Accessed
17/4/21.


https://doi.org/10.1177/1049732316654870
https://www.ethicalpolitics.org/ablunden/pdfs/Engestrom.pdf
https://www.ethicalpolitics.org/ablunden/pdfs/Engestrom.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/iria2002/IRIA_2002.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/iria2002/IRIA_2002.pdf
https://bea.aero.etudes/genesis/genesis.htm
https://bea.aero.etudes/genesis/genesis.htm
https://doi.org/10.1080/09617353.2010.11690914
https://doi.org/10.1080/09617353.2010.11690914
https://doi.org/10.1027/2192-0923/a00005
https://doi.org/10.1027/2192-0923/a00005
https://psychology.org.au/aps/media/acp/breen_19(1).pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0350
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0350
https://lup.lub.lu.se/student-papers/search/publication/8975267
https://lup.lub.lu.se/student-papers/search/publication/8975267
https://www.caa.co.uk/our-work/make-a-report-or-complaint/accident-and-serious-incident-reporting/
https://www.caa.co.uk/our-work/make-a-report-or-complaint/accident-and-serious-incident-reporting/
https://www.caa.co.uk/our-work/make-a-report-or-complaint/mor/occurrence-reporting/
https://www.caa.co.uk/our-work/make-a-report-or-complaint/mor/occurrence-reporting/
https://doi.org/10.1016/j.ssci.2011.04.005
https://doi.org/10.46743/2160-3715/2011.1051
https://doi.org/10.1080/13669877.2022.2038246
https://www.isasi.org/Library/technical-papers.aspx
https://www.isasi.org/Library/technical-papers.aspx
https://doi.org/10.1080/00140139.2011.568636
https://www.isasi.org/Documents/ForumMagazines/Forum-2019-JanToMarch.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2019-JanToMarch.pdf
https://www.isasi.org/Library/e-magazine.aspx?FilePath=Documents/FlipBook/Forum-2022-JanToMarch/Forum-2022-JanToMarch.html?v=99
https://www.isasi.org/Library/e-magazine.aspx?FilePath=Documents/FlipBook/Forum-2022-JanToMarch/Forum-2022-JanToMarch.html?v=99
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0405
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0405
https://www.safetywise.com/post/2016/02/24/the-benefits-of-the-icam-incident-investigation-process
https://www.safetywise.com/post/2016/02/24/the-benefits-of-the-icam-incident-investigation-process
https://doi.org/10.1057/palgrave.rm.8240175
https://doi.org/10.4324/9781315259482-18
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0435
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0435
https://doi.org/10.1080/10803548.2015.1112104
https://doi.org/10.1080/10803548.2015.1112104
http://sidneydekker.stackedsite.com/wp-content/uploads/sites/899/2013/01/HindsightHistory.pdf
http://sidneydekker.stackedsite.com/wp-content/uploads/sites/899/2013/01/HindsightHistory.pdf
http://sidneydekker.stackedsite.com/wp-content/uploads/sites/899/2013/01/HindsightHistory.pdf
https://revistaseletronicas.pucrs.br/ojs/index.php/aviation/article/view/9589
https://revistaseletronicas.pucrs.br/ojs/index.php/aviation/article/view/9589
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P3.pdf
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P3.pdf
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P4.pdf
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P4.pdf
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P5.pdf
https://www.icao.int/NACC/Documents/Meetings/2015/ACCINV/D1-P5.pdf
https://doi.org/10.1016/j.ssci.2016.12.005
https://www.onderzoeksraad.nl/en/page/1288/take-off-from-taxiway-boeing-737-306-amsterdam-schiphol-airport-10
https://www.onderzoeksraad.nl/en/page/1288/take-off-from-taxiway-boeing-737-306-amsterdam-schiphol-airport-10
https://www.onderzoeksraad.nl/en/page/4247/investigation-into-air-traffic-safety-at-amsterdam-airport-schiphol
https://www.onderzoeksraad.nl/en/page/4247/investigation-into-air-traffic-safety-at-amsterdam-airport-schiphol
https://www.onderzoeksraad.nl/en/page/12329/analysis
https://transport.ec.europa.eu/transport-modes/air/about-encasia-network_en
https://transport.ec.europa.eu/transport-modes/air/about-encasia-network_en
https://www.isasi.org/Documents/ForumMagazines/Forum-2020-OctToDecember.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2020-OctToDecember.pdf
https://transport.ec.europa.eu/system/files/2020-05/2019-encasia-report.pdf
https://transport.ec.europa.eu/system/files/2020-05/2019-encasia-report.pdf
https://transport.ec.europa.eu/system/files/2022-05/2021-encasia-report.pdf
https://transport.ec.europa.eu/system/files/2022-05/2021-encasia-report.pdf
https://doi.org/10.1016/j.ssci.2015.09.028
https://doi.org/10.1016/j.ssci.2015.09.028
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_GLSIA_Final_June_2009_For_Download.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_GLSIA_Final_June_2009_For_Download.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-barriers-learning-accidents-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-barriers-learning-accidents-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-dynamic-learning-case-studies-180315-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-dynamic-learning-case-studies-180315-1.pdf

K. Bills et al.

ESReDA, 2015c. Guidelines for Preparing a Training Toolkit in Event Investigation and
Dynamic Learning. European Safety, Reliability & Data Association. URL: https://
www.esreda.org/wp-content/uploads/2021/01/ESReDA Training Toolkit_Investiga
tion_Learning 2015-May-final-1.pdf. Accessed 17/4/21.

ESReDA, 2020. Enhancing Safety: The Challenge of Foresight. ESReDA Project Group on
Foresight in Safety. European Safety, Reliability & Data Association. EUR 30411 EN.
URL: https://www.esreda.org/wp-content/uploads/2021,/01/ESReDA-foresight-s
afety-report.pdf. Accessed 21/8/22.

Eurocontrol, 2012. Generic Error Modelling System (GEMS). URL: https://ext.eurocontro
lint/ehp/?q=node/1593. Last accessed 15 April 2023.

Everdij, M.H.C., Blom, H.H.P. (Eds.), 2020. Safety Methods Database, Version 1.2,
November 2020. Maintained by Netherlands Aerospace Centre NLR, The
Netherlands. URL: https://www.nlr.nl/wp-content/uploads/2021/12/Safety-Asse
ssment-Techniques-Database_1.2_3-Nov-2020.pdf. Accessed 3 March 2022.

Farooqi, A., Ryan, B., Cobb, S., 2022. Using expert perspectives to explore factors
affecting choice of methods in safety analysis. Saf. Sci. 146 https://doi.org/10.1016/
j.ssci.2021.105571.

Farrier, T.A., 2018. Investigations, Recommendation, and Safety Management Systems.
ISASI Forum. July-September, 22-27. URL: https://www.isasi.org/Documents/Fo
rumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf. Accessed 11 July 2022.

Foley, D., Harris, M., 2020. Themes and Systems Safety Investigations: Proactively
Investigating for System Safety Improvements. ISASI Forum, April-June, 18-24.
(Summarising their Technical paper delivered at ISASI 2019).URL: https://www.isas
i.org/Documents/ForumMagazines/Forum-2020-AprilToJune.pdf. Accessed 11 July
2022.

Fox, K., 2017. Air Transport Safety Issues Persist. ISASI Forum. July-September, 4-5.
URL: https://www.isasi.org/Documents/ForumMagazines/lowresforum-50-3-we
b-revised.pdf. Accessed 11 July 2022.

Fox, K., 2021. Investigating the Safety Hurricane. ISAFI Forum. October-December, 8-11.
Adapted from 31 August keynote address to ISASI 2021, Vancouver, B.C. URL: http
s://www.isasi.org/Documents/Flip
Book/Forum-2021-OctToDecember/Forum-2021-OctToDecember.html#p=8.
Accessed 13 August 2022.

Ferjencik, M., Bily, T., Frybortova, L., 2023. A combined approach to incident cause
analysis: Squeeze every drop of info from undersirable events. Saf. Sci. 158, 105997.
https://doi.org/10.1016/j.ss¢i.2022.105997.

Gilbert, C., Amalberti, R., Loroche, H., Pariés, J., 2007. Errors and failures: towards a
new safety paradigm. J. Risk Res. 10 (7), 959-975. https://doi.org/10.1080/
13669870701504764.

Goode, N., Salmon, P.M., Taylor, N.Z., Lenné, M.G., Finch, C.F., 2016. Lost in translation:
the validity of a systemic accident analysis method embedded in an incident
reporting software tool. Theor. Issues Ergon. Sci. 17 (5-6), 483-506. https://doi.
org/10.1080/1463922X.2016.1154230.

Goode, N., Salmon, P.M., Taylor, N.Z., Lenné, M.G., Finch, C.F., 2017. Developing a
contributing factor classification scheme for Rasmussen’s AcciMap: reliability and
validity evaluation. Appl. Ergon. 64, 14-26. https://doi.org/10.1016/].
apergo.2017.04.014.

Goode, N., Shaw, L., Finch, C.F., Salmon, P.M., 2019. Challenges of translating
Rasmussen’s Accimap into a usable, sustainable and useful incident reporting
system: end-user attitudes following a 12-month implementation. Cogn. Tech. Work
23, 39-49. https://doi.org/10.1007/5s10111-019-00596-x.

Grant, E., Salmon, P.M., Stevens, N.J., Goode, N., Read, G.J., 2018. Back to the future:
What do accident causation models tell us about accident prediction? Saf. Sci. 104,
99-109. https://doi.org/10.1016/j.ssci.2017.12.018.

Greene, M., 2014. On the inside looking in: methodological insights and challenges in
conducting qualitative insider research. Qual. Rep. 19(29), 1-13. doi: 10.46743/
2160-3715/2014.1106.

Groeneweg, J., 2002. Controlling the Controllable: Preventing Business Upsets, 5th
revised edn. Global Safety Group, Leiden.

Groeneweg, J., Van Schaardenburgh-Verhoeve, K.N., Corver, S.C., Lancioni, G.E., 2010.
Widening the Scope of Accident Investigations. Paper presented at the SPE
International Conference on Health, Safety and Environment in Oil and Gas
Exploration and Production, Rio de Janeiro, Brazil, April 2010. Paper No: SPE-
127157-MS. doi: 10.2118/127157-MS.

Harvey, M., 1984. Theories of Accident Causation. Research Report. Alberta Workers
Safety and Compensation, OHS Division, Research Branch. December 1984.

Harvey, M., 1985. Models for Accident Investigation. Research Report. Alberta Workers
Safety and Compensation, OHS Division, Research Branch. April 1985.

Hawkins, F.H., 1993. Human Factors in Flight. 2" edition edited by Harry W. Orlady.
Ashgate, Aldershot. (First edition 1987). Also available as a 2017 e-book doi:
10.4324/9781351218580.

Heinrich, H.W., 1941. Industrial Accident Prevention: A Scientific Approach, 2nd edn.
McGraw-Hill Book Company.

Helferich, J., 2012. CAST: Causal Analysis using System Theory. STAMP Workshop
Advanced Tutorial, 17 April 2012, MIT. URL: http://psas.scripts.mit.edu/home/get
_pdf.php?name=1-6-CAST-Guided-Exercise.pdf PowerPoint provided by the DSB
(2020D) to help illustrate their usage with a food example. Helferich then used a
Qantas QF32 example (URL: https://www.aerosocietychannel.com/aerospace-insi
ght/2010/12/exclusive-qantas-qf32-flight-from-the-cockpit/) for a group exercise.

Hellawell, D., 2006. Inside out: analysis of the insider outsider concept as a heuristic
device to develop reflexivity in students doing qualitative research. Teach. High.
Educ. 11 (4), 483-495. https://doi.org/10.1080/13562510600874292.

Henderson, J., Whittington, C., Wright, K., 2001. Accident Investigation - The Drivers,
Methods and Outcomes. Human Reliability Associates. Contract 344,/2001 for the
UK HSE. URL: https://www.hse.gov.uk/research/crr_pdf/2001/crr01344.pdf. Last
accessed 24 August 2022.

15

Safety Science 168 (2023) 106315

Hockey, J., 1993. Research methods — researching peers and familiar settings. Res. Pap.
Educ. 8 (2), 199-225. https://doi.org/10.1080/0267152930080205.

Hodkinson, P., 2005. “Insider Research” in the Study of Youth Cultures. J. Youth Stud. 8
(2), 131-149. https://doi.org/10.1080/13676260500149238.

Hollnagel, E., 2004. Barriers and Accident Prevention: Or How to Improve Safety by
Understanding the Nature of Accidents Rather Than Finding Their Causes.
Routledge.

Hollnagel, E., 2012. FRAM, the Functional Resonance Analysis Method: Modelling
Complex Socio-Technical Systems. Ashgate, Farnham.

Hollnagel, E., Goteman, 0., 2004. The functional resonance accident model. University
of Linkoping. URL: https://www.researchgate.net/publication/229010270_The Fun
ctional Resonance_Accident Model. Last accessed 3 October 2022.

Hollnagel, E., Speziali, J., 2008. Study on Developments in Accident Investigation
Methods: A Survey of the ‘State-of-the-Art’. SKI Report 2008: 50, 1-43. Swedish
National Power Inspectorate. January 2008. URL: https://inis.iaea.org/collection/
NCLCollectionStore/_Public/40/012/40012565.pdf. Accessed 14 January 2020.

Hollnagel, E., Woods, D.D., 2005. Joint Cognitive Systems: Foundations of Cognitive
Systems Engineering. CRC Press, Boca Raton, FL eBook 10.1201,/9781420038194.

Hollnagel, E., 2008. Investigation as an Impediment to Learning. In: Hollnagel, E.,
Nemeth, C., Dekker, S. (Eds.), Resilience Engineering Perspectives. Volume 1:
Remaining Sensitive to the Possibility of Failure. Ashgate. Ch.20.

Hollnagel, E., 2018. The Functional Resonance Analysis Method. doi: 10.1901/
jeab.1991.56-425.

Hollnagel, E., 2020. The Guilded Age? In: Le Coze, J.-C. (Ed.), Safety Science Research:
Evolution, Challenges and New Directions. CRC Press. Chapter 16, pp. 263-268.

Hopkins, A., 2000. Lessons from Longford: The Esso Gas Plant Explosion. CCH Australia
Limited, Sydney.

Hopkins, A., 2003. Fault trees, ICAM & Accimaps: a methodological analysis. Saf. Aust.
25 (2), 13-23.

Hopkins, A. (Ed.), 2009. Learning from High Reliability Organisations. CCH Australia
Limited.

Hopkins, A., 2014. Issues in safety science. Saf. Sci. 67, 6-14. https://doi.org/10.1016/j.
s5¢i.2013.01.007.

Hovden, J., Albrechtsen, E., Herrera, I.A., 2010. Is there a need for new theories, models
and approaches to occupational accident prevention? Saf. Sci. 48(8), 950-956. doi:
10.1016/j.55¢i.2009.06.002.

HSE, 2004. Investigating Accidents and Incidents. UK Health and Safety Executive. URL:
https://www.hse.gov.uk/pubns/books/hsg245.htm. Last accessed 23 December
2022.

Hudson, P., 2014. Accident causation models, management and the law. J. Risk Res. 17
(6), 749-764. https://doi.org/10.1080/13669877.2014.889202.

Hudson, P., Hudson, T., 2010. Moving from Investigating to Analyzing Incidents:
Supporting Organizational Learning. In: Society of Petroleum Engineers HSE
International Conference 12-14 April, Rio de Janiero, Brazil, paper SPE 127182.
OnePetro. doi: 10.2118/127182-MS.

Hudson, P., Hudson, T., 2015. Integrating cultural and regulatory factors in the bowtie:
moving from hand-waving to rigor. In: Ibrahimapour, V., Yacout, S. (Eds.), Ontology
Modeling in Physical Asset Integrity, Springer, Chapter 6, pp. 171-198. doi:
10.1007/978-3-319-15326-1.

Hudson, P.T.W., Reason, J.T., Wagenaar, W.A., Bentley, P.D., Primrose, M., Visser, J.,
1994. Tripod Delta. Proactive Approach to Enhanced Safety. SPE 27846. J. Petrol.
Tech. 46 (1), 58-62. https://doi.org/10.2118/27846-PA.

Hudson, P., 2010. Integrating Organisational Culture into Incident Analyses: Extending
the Bow Tie Model. Society of Petroleum Engineers HSE International Conference
12-14 April, Rio de Janiero, Brazil, paper SPE 127180. URL: https://onepetro.org/
SPE/proceedings. Accessed 28 February 2023.

Hudson, P., 2020. Personal communications with principal author. April.

Hulme, A., Stanton, N., Walker, G., Waterson, P., Salmon, P., 2019. What do applications
of systems thinking accident analysis methods tell us about accident causation? A
systematic review of applications between 1990 and 2018. Saf. Sci. 117, 164-183.
https://doi.org/10.1016/j.ssci.2019.04.016.

Hulme, A., Stanton, N.A., Walker, G.H., Waterson, P., Salmon, P.M., 2021a. Complexity
theory in accident causation: using Accimap to identify the systems thinking tenets
in 11 Catastrophes. Ergonomics 64 (7). https://doi.org/10.1080/
00140139.2020.1869321.

Hulme, A., Stanton, N.A., Walker, G.H., Waterson, P., Salmon, P.M., 2021b. Are accident
analysis methods fit for purpose? Testing the criterion-referenced concurrent validity
of AcciMap, STAMP-CAST and AcciNet. Saf. Sci. 144 https://doi.org/10.1016/j.
ssci.2021.105454.

Hutchinson, L., 2007. Investigations - What Business is This? Presentation by CEO of the
New Zealand Transport Accident Investigation Commission to the 2007 ANZSASI
Regional Air Safety Seminar, Wellington, New Zealand. URL: https://asasi.org/wp-c
ontent/uploads/2021/05/Investigations-What-Business-Is-This-Lois-Hutchinson.
pdf. Accessed 9 July 2022.

IAC, 2020. Interstate Aviation Committee’. Moscow-based aviation investigation body
(MAK or IAC in English) for Russia and 11 other post-Soviet independent states. URL:
https://mak-iac.org/en/o-mak/. Accessed 16 May 2020.

ICAO, 1993a. Human Factors Digest No.7. Investigation of Human Factors in Accidents
and Incidents. Circular 240-AN/144. International Civil Aviation Organization,
Montréal. URL: https://www.skybrary.aero/sites/default/files/bookshelf/2037.pdf.
Accessed 19 January 2023.

ICAO, 1993b. Human Factors Digest No.10. Human Factors, Management and
Organization. Circular 247-AN/148. International Civil Aviation Organization,
Montréal.

ICAO, 1998. Human Factors Training Manual. Doc 9683. International Civil Aviation
Organization, Montréal.


https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_Training_Toolkit_Investigation_Learning_2015-May-final-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_Training_Toolkit_Investigation_Learning_2015-May-final-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA_Training_Toolkit_Investigation_Learning_2015-May-final-1.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-foresight-safety-report.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-foresight-safety-report.pdf
https://ext.eurocontrol.int/ehp/?q=node/1593
https://ext.eurocontrol.int/ehp/?q=node/1593
https://www.nlr.nl/wp-content/uploads/2021/12/Safety-Assessment-Techniques-Database_1.2_3-Nov-2020.pdf
https://www.nlr.nl/wp-content/uploads/2021/12/Safety-Assessment-Techniques-Database_1.2_3-Nov-2020.pdf
https://doi.org/10.1016/j.ssci.2021.105571
https://doi.org/10.1016/j.ssci.2021.105571
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2020-AprilToJune.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2020-AprilToJune.pdf
https://www.isasi.org/Documents/ForumMagazines/lowresforum-50-3-web-revised.pdf
https://www.isasi.org/Documents/ForumMagazines/lowresforum-50-3-web-revised.pdf
https://www.isasi.org/Documents/FlipBook/Forum-2021-OctToDecember/Forum-2021-OctToDecember.html%23p=8
https://www.isasi.org/Documents/FlipBook/Forum-2021-OctToDecember/Forum-2021-OctToDecember.html%23p=8
https://www.isasi.org/Documents/FlipBook/Forum-2021-OctToDecember/Forum-2021-OctToDecember.html%23p=8
https://doi.org/10.1016/j.ssci.2022.105997
https://doi.org/10.1080/13669870701504764
https://doi.org/10.1080/13669870701504764
https://doi.org/10.1080/1463922X.2016.1154230
https://doi.org/10.1080/1463922X.2016.1154230
https://doi.org/10.1016/j.apergo.2017.04.014
https://doi.org/10.1016/j.apergo.2017.04.014
https://doi.org/10.1007/s10111-019-00596-x
https://doi.org/10.1016/j.ssci.2017.12.018
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0645
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0645
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0670
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0670
http://psas.scripts.mit.edu/home/get_pdf.php?name=1-6-CAST-Guided-Exercise.pdf
http://psas.scripts.mit.edu/home/get_pdf.php?name=1-6-CAST-Guided-Exercise.pdf
https://www.aerosocietychannel.com/aerospace-insight/2010/12/exclusive-qantas-qf32-flight-from-the-cockpit/
https://www.aerosocietychannel.com/aerospace-insight/2010/12/exclusive-qantas-qf32-flight-from-the-cockpit/
https://doi.org/10.1080/13562510600874292
https://www.hse.gov.uk/research/crr_pdf/2001/crr01344.pdf
https://doi.org/10.1080/0267152930080205
https://doi.org/10.1080/13676260500149238
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0705
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0705
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0705
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0710
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0710
https://www.researchgate.net/publication/229010270_The_Functional_Resonance_Accident_Model
https://www.researchgate.net/publication/229010270_The_Functional_Resonance_Accident_Model
https://inis.iaea.org/collection/NCLCollectionStore/_Public/40/012/40012565.pdf
https://inis.iaea.org/collection/NCLCollectionStore/_Public/40/012/40012565.pdf
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0725
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0725
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0745
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0745
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0750
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0750
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0755
http://refhub.elsevier.com/S0925-7535(23)00257-6/h0755
https://doi.org/10.1016/j.ssci.2013.01.007
https://doi.org/10.1016/j.ssci.2013.01.007
https://www.hse.gov.uk/pubns/books/hsg245.htm
https://doi.org/10.1080/13669877.2014.889202
https://doi.org/10.2118/27846-PA
https://onepetro.org/SPE/proceedings
https://onepetro.org/SPE/proceedings
https://doi.org/10.1016/j.ssci.2019.04.016
https://doi.org/10.1080/00140139.2020.1869321
https://doi.org/10.1080/00140139.2020.1869321
https://doi.org/10.1016/j.ssci.2021.105454
https://doi.org/10.1016/j.ssci.2021.105454
https://asasi.org/wp-content/uploads/2021/05/Investigations-What-Business-Is-This-Lois-Hutchinson.pdf
https://asasi.org/wp-content/uploads/2021/05/Investigations-What-Business-Is-This-Lois-Hutchinson.pdf
https://asasi.org/wp-content/uploads/2021/05/Investigations-What-Business-Is-This-Lois-Hutchinson.pdf
https://mak-iac.org/en/o-mak/
https://www.skybrary.aero/sites/default/files/bookshelf/2037.pdf

K. Bills et al.

ICAO, 2003. Training Guidelines for Aircraft Accident Investigators. Cir 298, AN/172.
International Civil Aviation Organization, Montréal.

ICAO, 2006. Safety Management Manual. 1% edition. Doc 9859, AN/460. International
Civil Aviation Organization, Montréal. URL: https://skylibrarys.files.wordpress.com
/2016/07/doc-9859-safety-management-systems-manual.pdf. Last accessed 18
January 2023.

ICAO, 2009. Safety Management Manual. 2" edition. Doc 9859, AN/474. International
Civil Aviation Organization, Montréal. URL: https://web.shgm.gov.tr/documents/si
vilhavacilik/files/pdf/saglik_birimi/DOC_9859 FULL _EN.pdf. Last accessed 18
January 2023.

ICAO, 2011a. Manual of Aircraft Accident and Incident Investigation Part III -
Investigation. 15t edition. Doc 9756, AN/965. International Civil Aviation
Organization, Montréal. URL: http://www.icscc.org.cn/upload/file/20190102/Doc
.9756-EN %20Manual %200f %20Aircraft %20Accident %20and %20Incident %20
Investigation %20Part %20I1I %20- %20Investigation.pdf. Accessed 19 January
2023.

ICAO, 2011b. Manual on Regional Accident and Incident Investigation Organization. Doc
9946. International Civil Aviation Organization, Montréal.

ICAO, 2012a. Manual of Aircraft Accident and Incident Investigation Part II - Procedures
and Checklists. 1! edition. Doc 9756, AN/965. International Civil Aviation
Organization, Montréal.

ICAO, 2012b. Safety Management Manual (SMM). 3™ edition. Doc 9859, AN/474.
International Civil Aviation Organization, Montréal. URL: https://www.icao.int/sam
/documents/rst-smsssp-13/smm_3rd_ed advance.pdf. Last accessed 18 January
2023.

ICAO, 2013. Manual on Assistance to Aircraft Accident Victims and their Families. Doc
9973. 1% edition. International Civil Aviation Organization, Montréal.

ICAO, 2014. Universal Safety Oversight Audit Programme Continuous Monitoring
Manual. 4™ edition. Doc 9735. International Civil Aviation Organization, Montréal.

ICAO, 2015. Manual of Aircraft Accident and Incident Investigation Part I - Organization
and Planning. 2™ edition. Doc 9756, AN/965. International Civil Aviation
Organization, Montréal. URL: https://skybrary.aero/sites/default/files/bookshelf
/3282.pdf. Accessed 16 May 2020.

ICAO, 2016a. Annex 13 to the Convention on International Civil Aviation: Aircraft
Accident and Incident Investigation. 11" edition. Doc AN 13. (First edition 1951).
International Civil Aviation Organization, Montréal.

ICAO, 2016b. Annex 19 - Safety Management. ond edition, July 2016, AN 19/2.. Last
accessed 15 January 2023.

ICAO, 2016c. Manual on Protection of Safety Information. Part I - Protection of Accident
and Incident Investigation Records. First Edition. Doc 10053. International Civil
Aviation Organization, Montréal. URL: https://www.icao.int/SAM/Documents/2
016-AIG-RECORDSPRO/Doc10053 _SIP_Part %201 _en.pdf. Accessed 9 July 2022.

ICAO, 2017. Safety Oversight Manual - Part A - The Establishment and Management of a
State’s Safety Oversight System. 34 edition. Doc 9734. International Civil Aviation
Organization, Montréal.

ICAO, 2018a. Safety Management Manual. 4™ edition. Doc 9859. International Civil
Aviation Organization, Montréal. URL: https://skybrary.aero/sites/default/files/boo
kshelf/5863.pdf. Accessed 25 October 2021.

ICAO, 2018b. ‘Investigation Analysis Training for APAC States/Administrations’.
Presented by Vice Chairman, APAC-AIG. Agenda Item 5, IP/2. Twelfth Meeting of
the Asia Pacific Regional Aviation Safety Team (APRAST/12), Bangkok, Thailand, 28
May to 1 June 2018. URL: https://www.icao.int/APAC/Meetings/2018 %
20APRAST12/APRAST %2012 %20IP-02 %20AI_04 %20- %20[APAC-AIG] %
20Investigation %20Analysis %20Training %20for %20APAC %20(2018-04-24).pdf.
Accessed 9 March 2023.

ICAO, 2019a. Manual on Accident and Incident Investigation Policies and Procedures.
2™ edition. Doc 9962, AN/482. International Civil Aviation Organization, Montréal.

ICAO, 2019b. Manual on Location of Aircraft in Distress and Flight Recorder Data
Recovery. Doc 10054. International Civil Aviation Organization, Montréal.

ICAO, 2019c. ‘State of Global Aviation Safety’. International Civil Aviation Organization,
Montréal. https://www.icao.int/safety/Documents/ICAO_SR_2019_final_web.pdf.
Accessed 31 May 2020.

ICAO, 2020a. Annex 13 to the Convention on International Civil Aviation: Aircraft
Accident and Incident Investigation. 12™ edition. Doc AN 13. (First edition 1951).
International Civil Aviation Organization, Montréal. See from page 6 URL: https
://bea.aero/fileadmin/documents/Cadre_juridique/Recueil_textes_reglementaires_
ANG_2021_01_14.pdf.

ICAO, 2020b. Manual of Aircraft Accident and Incident Investigation Part IV - Reporting.
3 edition. Doc 9756, AN/965. International Civil Aviation Organization, Montréal.

ICAO, 2020c. ‘Accident Statistics.” URL: https://www.icao.int/safety/iStars/Pages/Accid
ent-Statistics.aspx. International Civil Aviation Organization, Montréal.. Accessed 31
May 2020.

ICAO, 2020d. Webinar- AIG. Process for investigating the various types of accidents.
Fernando Camargo, Regional Officer, Technical Assistance. International Civil
Aviation Organization, Montréal.. Accessed 9 July 2022.URL: https://www.icao.int
/NACC/Documents/eDOCS/AIG/01-AIGProceduresWebinar03-EN-PO1.pdf.

ICAO, 2020e. USOAP CMA 2020 protocol Questions, Aircraft accident and incident
investigation — AIG. Document QMSF-007-06/K (December 2020, 44 pages).
International Civil Aviation Organization, Montréal.

ICAO, 2020f. ICAO CASCAP SEA ECCAIRS Workshop. Conducted by Winston San Martin,
PNG AIC Investigations Manager-Adviser and ICAO Trainair Plus Instructor, Port
Moresby, 29 June-3 July 2020. URL: https://www.icao.int/APAC/Meetings/2020 %
20COSCAPSEA %20ECCAIRS %20VC/ECCAIRS %20Introductory %20workshop.
pdf#search=accident %20investigation %20methodology. Accessed 9 March 2023.

ICAO, 2022a. Manual on the Investigation of Cabin Safety Aspects in Accidents and
Incidents. Doc 10062. International Civil Aviation Organization, Montréal.

16

Safety Science 168 (2023) 106315

ICAO, 2022b. ‘Accident/Incident Data Reporting (ADREP) taxonomy’. International Civil
Aviation Organization, Montréal. URL: https://www.icao.int/safety/airnavigation/
aig/pages/taxonomy.aspx. Accessed 11 July 2022.

ICAO, 2022c. ‘Safety Management Implementation website’. URL: www.icao.int/SMI.
Accessed 15 January 2023.

ICAO, 2022d. ‘Accident Investigation Authorities Addresses as of August 2021°.
International Civil Aviation Organization, Montréal. URL: https://www.icao.int/saf
ety/AlA/Pages/default.aspx. Last accessed 21 August 2022.

ICAO, 2022e. Convention on International Civil Aviation — Document 7300.
International Civil Aviation Organization, Montréal. URL: https://www.icao.int/pu
blications/pages/doc7300.aspx. Last accessed 23 November 2022.

ICAO, 2022f. Doc 10004 Global Aviation Safety Plan 2023-2025 (English version) which
noted that a separate Global Aviation Safety Roadmap Doc 10161 was still in
preparation. International Civil Aviation Organization, Montréal. URL: https
://www.icao.int/Meetings/a41/Documents/10004_en.pdf#search=Document %
2010004 Manual stamped ‘draft’ when last accessed 15 January 2023.

ICAO, 2022g. Safety Audit Results: USOAP interactive viewer. ICAO Universal Safety
Oversight Audit Programme. International Civil Aviation Organization, Montréal.
URL: https://icao.int/safety/pages/usoap-results.aspx.

ICAO, 2023. Safety Audit Results: USOAP interactive viewer. ICAO Universal Safety
Oversight Audit Programme. International Civil Aviation Organization, Montréal.
URL: https://icao.int/safety/pages/usoap-results.aspx.. Accessed 15 & 17 March
2023.

ITSA, 2020. ‘ITSA membership’. URL: https://itsasafety.com/about/members/. Accessed
6 April 2020.

Johnson, C.W., Holloway, C.M., 2004. ‘““Systemic Failures” and “Human Error” in
Canadian TSB Aviation Reports between 1996 and 2002’. URL: https://ntrs.nasa.go
v/api/citations/20040139600/downloads/20040139600.pdf. Accessed 30
September 2022.

Johnson, C.W., Holloway, C.M. 2005. ‘On the Over-Emphasis of Human ‘Error’ As A
Cause of Aviation Accidents: “Systemic Failures” and “Human Error” in US NTSB and
Canadian TSB Aviation Reports Between 1996 and 2003’. URL: http://www.dcs.gla.
ac.uk/~johnson/papers/Cause_comparisons/Error_and_accidents.PDF.. Accessed 30
September 2022.

Johnson, C.W., Holloway, C.M. 2006. ‘Why System Safety Professionals Should Read
Accident Reports’. The First IET International Conference on System Safety, 6-8 June
2006. University of Glasgow School of Computing Science. URL: http://www.dcs.
gla.ac.uk/~johnson/papers/IET 2007 /Accident _reports.pdf. Accessed 30 September
2022.

Johnson, C.W., Holloway, C.M. 2007. ‘A Historical Perspective on Aviation Accident
Investigation’. UK Safety Critical Systems Club, Newcastle. URL: http://www.dcs.
gla.ac.uk/~johnson/papers/Johnson_Holloway History_1.2.pdf. Accessed 30
September 2022.

Johnson, C.W., Oltedal, H.A., Holloway, C.M., 2012. ‘Comparing the Identification of
Recommendations by Different Accident Investigators Using a Common
Methodology’. URL: http://www.dcs.gla.ac.uk/~johnson/papers/IET 2012/SOL.
pdf. Accessed 30 September 2022.

Jouty, R., 2016. ‘Independence does not mean Isolation’. ISASI Forum. January-March,
4-5. URL: https://www.isasi.org/Documents/ForumMagazines/Forum %20Jan %
20Mar %20issue %20 %20121615.pdf. Accessed 11 July 2022.

JST, 2020. Provision of initial research participant data: response to initial questions,
copies of a preliminary aviation accident report and an aviation accident technical
report, paper on the Vortex Method of Investigation. Junta de Seguridad en el
Transporte, Buenos Aires. 5 December 2020.

JST, 2022. ‘Transportation Safety Board: global reach; JST Training’. English version.
Junta de Seguridad en el Transporte, Buenos Aires. URL: https://www.argentina.
gob.ar/jst. Accessed 18 September 2022.

JST, 2023. Emailed additional research data, comment and documentation provided in
response to the draft paper on 21 & 23 February.

JTSB, 2011. Final report on the 9 December 2007 accident of Eurocopter JA31NH
released on 22 April 2011. URL: https://www.mlit.go.jp/jtsb/eng-air report/J
A31NH.pdf. Accessed 1 December 2022.

JTSB, 2013. Final report on the 28 July 2011 accident of Beechcraft A36 JA4215
released on 20 December 2013. URL: https://www.mlit.go.jp/jtsb/eng-air_report/J
A4215.pdf. Accessed 25 November 2022.

JTSB, 2014. Final report on the 6 September 2011 serious incident of Boeing 737-700
JA16AN released on 19 September 2014. URL: https://www.mlit.go.jp/jtsb/eng-ai
r_report/JAT6AN.pdf. Accessed 25 November 2022.

JTSB, 2020. Investigation Procedure. Japan Transport Safety Board. URL: https://www.
mlit.go.jp/jtsb/investigation.html. Accessed 17 May 2020.

JTSB, 2022a. Annual Report 2022. Japan Transport Safety Board. URL: https://www.ml
it.go.jp/jtsb/jtsbannualreport2022.html. ccessed 14 November 2022.

JTSB, 2022b. ‘Response to research questions’. Japan Transport Safety Board. 25
November.

JTSB, 2022c. Additional response to research questions. Japan Transport Safety Board. 1
December.

JTSB, 2023. Revised and additional responses to research questions and associated
documentation. Japan Transport Safety Board. 17 February.

Karanikas, N., Passenier, D., 2019. ‘The AVAC-COM Communication Model and
Taxonomy: Results from Application to Aviation Safety Events’. MATEC Web of
Conferences. Volume 273, 010008, 22 February 2019. International Cross-industry
Safety Conference (ICSC) - European STAMP Workshop & Conference (ESWC) (ICSC-
ESWC 2018). doi: 10.1051/matecconf/201927301008.

Karanikas, N., Roelen, A., Piric, S., 2019. Design, scope and focus of safety
recommendations: results from aviation safety investigations. Pol. Pract. Health Saf.
17 (1), 14-31. https://doi.org/10.1080/14773996.2018.1539385.


https://skylibrarys.files.wordpress.com/2016/07/doc-9859-safety-management-systems-manual.pdf
https://skylibrarys.files.wordpress.com/2016/07/doc-9859-safety-management-systems-manual.pdf
https://web.shgm.gov.tr/documents/sivilhavacilik/files/pdf/saglik_birimi/DOC_9859_FULL_EN.pdf
https://web.shgm.gov.tr/documents/sivilhavacilik/files/pdf/saglik_birimi/DOC_9859_FULL_EN.pdf
http://www.icscc.org.cn/upload/file/20190102/Doc.9756-EN%e2%80%af%2520Manual%e2%80%af%2520of%e2%80%af%2520Aircraft%e2%80%af%2520Accident%e2%80%af%2520and%e2%80%af%2520Incident%e2%80%af%2520Investigation%e2%80%af%2520Part%e2%80%af%2520III%e2%80%af%2520-%e2%80%af%2520Investigation.pdf
http://www.icscc.org.cn/upload/file/20190102/Doc.9756-EN%e2%80%af%2520Manual%e2%80%af%2520of%e2%80%af%2520Aircraft%e2%80%af%2520Accident%e2%80%af%2520and%e2%80%af%2520Incident%e2%80%af%2520Investigation%e2%80%af%2520Part%e2%80%af%2520III%e2%80%af%2520-%e2%80%af%2520Investigation.pdf
http://www.icscc.org.cn/upload/file/20190102/Doc.9756-EN%e2%80%af%2520Manual%e2%80%af%2520of%e2%80%af%2520Aircraft%e2%80%af%2520Accident%e2%80%af%2520and%e2%80%af%2520Incident%e2%80%af%2520Investigation%e2%80%af%2520Part%e2%80%af%2520III%e2%80%af%2520-%e2%80%af%2520Investigation.pdf
https://www.icao.int/sam/documents/rst-smsssp-13/smm_3rd_ed_advance.pdf
https://www.icao.int/sam/documents/rst-smsssp-13/smm_3rd_ed_advance.pdf
https://skybrary.aero/sites/default/files/bookshelf/3282.pdf
https://skybrary.aero/sites/default/files/bookshelf/3282.pdf
https://www.icao.int/SAM/Documents/2016-AIG-RECORDSPRO/Doc10053_SIP_Part%e2%80%af%25201_en.pdf
https://www.icao.int/SAM/Documents/2016-AIG-RECORDSPRO/Doc10053_SIP_Part%e2%80%af%25201_en.pdf
https://skybrary.aero/sites/default/files/bookshelf/5863.pdf
https://skybrary.aero/sites/default/files/bookshelf/5863.pdf
https://www.icao.int/APAC/Meetings/2018%e2%80%af%2520APRAST12/APRAST%e2%80%af%252012%e2%80%af%2520IP-02%e2%80%af%2520AI_04%e2%80%af%2520-%e2%80%af%2520%5bAPAC-AIG%5d%e2%80%af%2520Investigation%e2%80%af%2520Analysis%e2%80%af%2520Training%e2%80%af%2520for%e2%80%af%2520APAC%e2%80%af%2520(2018-04-24).pdf
https://www.icao.int/APAC/Meetings/2018%e2%80%af%2520APRAST12/APRAST%e2%80%af%252012%e2%80%af%2520IP-02%e2%80%af%2520AI_04%e2%80%af%2520-%e2%80%af%2520%5bAPAC-AIG%5d%e2%80%af%2520Investigation%e2%80%af%2520Analysis%e2%80%af%2520Training%e2%80%af%2520for%e2%80%af%2520APAC%e2%80%af%2520(2018-04-24).pdf
https://www.icao.int/APAC/Meetings/2018%e2%80%af%2520APRAST12/APRAST%e2%80%af%252012%e2%80%af%2520IP-02%e2%80%af%2520AI_04%e2%80%af%2520-%e2%80%af%2520%5bAPAC-AIG%5d%e2%80%af%2520Investigation%e2%80%af%2520Analysis%e2%80%af%2520Training%e2%80%af%2520for%e2%80%af%2520APAC%e2%80%af%2520(2018-04-24).pdf
https://www.icao.int/safety/Documents/ICAO_SR_2019_final_web.pdf
https://bea.aero/fileadmin/documents/Cadre_juridique/Recueil_textes_reglementaires_ANG_2021_01_14.pdf
https://bea.aero/fileadmin/documents/Cadre_juridique/Recueil_textes_reglementaires_ANG_2021_01_14.pdf
https://bea.aero/fileadmin/documents/Cadre_juridique/Recueil_textes_reglementaires_ANG_2021_01_14.pdf
https://www.icao.int/safety/iStars/Pages/Accident-Statistics.aspx
https://www.icao.int/safety/iStars/Pages/Accident-Statistics.aspx
https://www.icao.int/NACC/Documents/eDOCS/AIG/01-AIGProceduresWebinar03-EN-P01.pdf
https://www.icao.int/NACC/Documents/eDOCS/AIG/01-AIGProceduresWebinar03-EN-P01.pdf
https://www.icao.int/APAC/Meetings/2020%e2%80%af%2520COSCAPSEA%e2%80%af%2520ECCAIRS%e2%80%af%2520VC/ECCAIRS%e2%80%af%2520Introductory%e2%80%af%2520workshop.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2020%e2%80%af%2520COSCAPSEA%e2%80%af%2520ECCAIRS%e2%80%af%2520VC/ECCAIRS%e2%80%af%2520Introductory%e2%80%af%2520workshop.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/APAC/Meetings/2020%e2%80%af%2520COSCAPSEA%e2%80%af%2520ECCAIRS%e2%80%af%2520VC/ECCAIRS%e2%80%af%2520Introductory%e2%80%af%2520workshop.pdf%23search=accident%e2%80%af%2520investigation%e2%80%af%2520methodology
https://www.icao.int/safety/airnavigation/aig/pages/taxonomy.aspx
https://www.icao.int/safety/airnavigation/aig/pages/taxonomy.aspx
http://www.icao.int/SMI
https://www.icao.int/safety/AIA/Pages/default.aspx
https://www.icao.int/safety/AIA/Pages/default.aspx
https://www.icao.int/publications/pages/doc7300.aspx
https://www.icao.int/publications/pages/doc7300.aspx
https://www.icao.int/Meetings/a41/Documents/10004_en.pdf%23search=Document%e2%80%af%252010004
https://www.icao.int/Meetings/a41/Documents/10004_en.pdf%23search=Document%e2%80%af%252010004
https://www.icao.int/Meetings/a41/Documents/10004_en.pdf%23search=Document%e2%80%af%252010004
https://icao.int/safety/pages/usoap-results.aspx
https://icao.int/safety/pages/usoap-results.aspx
https://itsasafety.com/about/members/
https://ntrs.nasa.gov/api/citations/20040139600/downloads/20040139600.pdf
https://ntrs.nasa.gov/api/citations/20040139600/downloads/20040139600.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/Cause_comparisons/Error_and_accidents.PDF
http://www.dcs.gla.ac.uk/%7ejohnson/papers/Cause_comparisons/Error_and_accidents.PDF
http://www.dcs.gla.ac.uk/%7ejohnson/papers/IET_2007/Accident_reports.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/IET_2007/Accident_reports.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/Johnson_Holloway_History_1.2.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/Johnson_Holloway_History_1.2.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/IET_2012/SOL.pdf
http://www.dcs.gla.ac.uk/%7ejohnson/papers/IET_2012/SOL.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum%e2%80%af%2520Jan%e2%80%af%2520Mar%e2%80%af%2520issue%e2%80%af%2520%e2%80%af%2520121615.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum%e2%80%af%2520Jan%e2%80%af%2520Mar%e2%80%af%2520issue%e2%80%af%2520%e2%80%af%2520121615.pdf
https://www.argentina.gob.ar/jst
https://www.argentina.gob.ar/jst
https://www.mlit.go.jp/jtsb/eng-air_report/JA31NH.pdf
https://www.mlit.go.jp/jtsb/eng-air_report/JA31NH.pdf
https://www.mlit.go.jp/jtsb/eng-air_report/JA4215.pdf
https://www.mlit.go.jp/jtsb/eng-air_report/JA4215.pdf
https://www.mlit.go.jp/jtsb/eng-air_report/JA16AN.pdf
https://www.mlit.go.jp/jtsb/eng-air_report/JA16AN.pdf
https://www.mlit.go.jp/jtsb/investigation.html
https://www.mlit.go.jp/jtsb/investigation.html
https://www.mlit.go.jp/jtsb/jtsbannualreport2022.html
https://www.mlit.go.jp/jtsb/jtsbannualreport2022.html
https://doi.org/10.1080/14773996.2018.1539385

K. Bills et al.

Karanikas, N., Chionis, D., Plioutsias, A., 2020. “Old” and “New” safety thinking:
perspectives of aviation safety investigators. Saf. Sci. 125, 104632 https://doi.org/
10.1016/j.ss¢i.2020.104632.

Karanikas, N., Nederend, J., 2018. The controllability classification of safety events and
its application to aviation investigation reports. Saf. Sci. 108, 89-103. https://doi.
org/10.1016/j.ssci.2018.04.025.

Karanikas, N., 2022. How could investigators use safety models to inform decisions on
what to focus on? Technical Paper to ISASI 2022 Seminar, Brisbane, September
(attended by the principal author/researcher). URL: https://eprints.qut.edu.au/2352
52/1/ISASI Karanikas_2022.pdf. Last accessed 13 April 2023.

Lee, R., 2017. ‘The Way Ahead in Aviation Safety: Time for a New Approach.’ Flight
Safety Foundation: Singapore Aviation Safety Seminar. URL: https://flightsafety.
org/wp-content/uploads/2017/03/04.-Rob-Lee-Way-Ahead-in-Aviation-Safety.pdf.
Accessed 13 March 2020.

Katsakiori, P., Sakellaropoulos, G., Manatakis, E., 2009. Towards an evaluation of
accident invstigation methods in terms of their alignment with accident causation
models. Saf. Sci. 47 https://doi.org/10.1016/].s5¢i.2008.11.002.

Lenné, M.G., Salmon, P.M., Liu, C.C., Trotter, M., 2012. A systems approach to accident
causation in mining: an application of the HFACS method. Accid. Anal. Prev. 48,
111-117. https://doi.org/10.1016/j.aap.2011.05.026.

Leplat, J., 1984. Occupational accident research and systems approach. J. Occup. Accid.
6 (1-3), 77-89. https://doi.org/10.1016/0376-6349(84)90036-1.

Leplat, J., 1997. Event Analysis and Responsibility in Complex Systems. In: Hale, A.,
Wilpert, B., Freitag, M. (Eds.), After the Event: From Accident to Organisational
Learning. Pergamon, Elsevier Science Ltd, Oxford, pp. 23-39. Chapter A.3.

Leveson, N.G., 2004. A new accident model for engineering safer systems. Saf. Sci. 42,
237-270. https://doi.org/10.1016/50925-7536(03)00047-X.

Leveson, N.G., 2011a. Applying systems thinking to analyze and learn from events. Saf.
Sci. 49, 55-64. https://doi.org/10.1016/j.s5¢i.2009.12.021.

Leveson, N.G., 2011b. Engineering a Safer World: Systems Thinking Applied to Safety.
The MIT Press.

Leveson, N.G., 2017a. Rasmussen’s legacy: a paradigm change in engineering for safety.
Appl. Ergon. 59, 581-591. https://doi.org/10.1016/j.apergo.2016.01.015.

Leveson, N., Stringfellow, M., 2009. ‘Using Systems Thinking to Improve Accident
Analysis’. STAMP Master Class PowerPoint notes from approximately 2008-2010 as
used and provided by the DSB (2020b) for this research. A MIT Technical Report ‘A
Systems Approach to Accident Analysis’ by Nancy G. Leveson, Maggie V.
Stringfellow and John Thomas was released in 2009 covering overlapping material
in greater detail. Professor Leveson contributed ‘Applying Systems Thinking to
Analyze and Learn from Events’ at NeTWorK 2008 in Berlin in August 2008.

Leveson, N., Thomas, J., 2020. Introductions to STAMP, STPA and CAST. MIT 2020
STAMP Workshop. URL: http://psas.scripts.mit.edu/home/2020-stamp-workshop-p
resentations/. Accessed 25 August 2022.

Leveson, N., Willeboordse, E., 2016. ‘Analyzing Accidents and Incidents with CAST’.
STAMP Workshop Tutorial, 21 March 2016. MIT. URL: http://psas.scripts.mit.edu/h
ome/wp-content/uploads/2016,/04/CAST-tutorial-2016.pdf. Accessed 4 December
2020.

Leveson, N., Dulac, N., Marais, K., Carroll, J., 2009. Moving beyond normal accidents
and high reliability organizations: a systems approach to safety in complex systems.
Organ. Stud. 30 (2&3), 227-249. https://doi.org/10.1177/0170840608101478.

Leveson, N., Dulac, N., Marais, K., 2003. Applying STAMP in Accident Analysis. In:
Hayhurst, K.J., Michael Holloway, C. (compilers). Second Workshop on the
Investigation and Reporting of Incidents and Accidents, IRIA 2003, NASA,
September, pp. 177-198. URL: https://shemesh.larc.nasa.gov/fm/papers/Hayhurst
-2003-cp212642-IRIA.pdf. Accessed 11 July 2022.

Leveson, N., Straker, D., Malmquist, S., 2019. Updating the Concept of Cause in Accident
Investigation. ISASI Technical paper, ISASI 2019, 4 September. URL: https://www.
isasi.org/Library/technical-papers.aspx. Accessed 11 July 2022.

Leveson, N.G., 2017b. ‘CAST Analysis of the Shell Moerdijk Accident, 2016-17". MIT.
URL: http://sunnyday.mit.edu/shell-moerdijk-cast.pdf. Last accessed 23 December
2022.

Leveson, N.G., 2019. CAST Handbook: How to learn more from Incidents and Accidents.
URL: https://psas.scripts.mit.edu/home/get _file4.php?name=CAST_handbook.pdf.
Last accessed 1 February 2023.

Lofquist, E.A., 2010. The art of measuring nothing: The paradox of measuring safety in a
changing civil aviation industry using traditional safety metrics. Saf. Sci. 48 (10),
1520-1529. https://doi.org/10.1016/j.ss¢i.2010.05.006.

Logan, T.J., Post, D.G. 2013. ‘Learning from and Preparing for Traditional Airline
Accident Investigation While Transitioning to SMS Risk-Based Investigation’. ISASI
2013 Conference. URL: https://www.isasi.org/Documents/Learning %20From %20
and %20Preparing %20for %20Traditional %20Airline %20Accident %20Investi
gati....pdf. Accessed 25 August 2022.

Lower, M., Magott, J., Skorupski, J., 2018. A system-theoretic accident model and
process with human factors analysis and classification system taxonomy. Saf. Sci.
110 (Part A), 393-410. https://doi.org/10.1016/].ss¢i.2018.04.015.

Lundberg, J., Rollenhagen, C., Hollnagel, E., 2009. What-You-Look-For-Is-What-You-
Find - the consequences of underlying accident models in eight accident
investigation manuals. Saf. Sci. 47, 1297-1311. https://doi.org/10.1016/j.
ss¢i.2009.01.004.

Lundberg, J., Rollenhagen, C., Hollnagel, E., 2010. What you find is not always what you
fix—how other aspects than causes of accidents decide recommendations for
remedial actions. Accid. Anal. Prev. 42, 2132-2139. https://doi.org/10.1016/j.
aap.2010.07.003.

Lundberg, J., Woltjer, R., Josefsson, B., 2022. A method to identify investigative blind
spots (MIBS): addressing blunt-end factors of ultra-safe organizations’ investigation-
work-as-done. Saf. Sci. 154, 105825 https://doi.org/10.1016/j.s5¢i.2022.105825.

17

Safety Science 168 (2023) 106315

Macrae, C., 2014. Close Calls: Managing Risk and Resilience in Airline Flight Safety.
Palgrave Macmillan.

Masys, A.J., 2004. Aviation accident aetiology: catastrophe theory perspective. Disaster
Prev. Manag. 13 (1), 33-38. https://doi.org/10.1108/09653560410521670.

Masys, A.J., 2005. A systemic perspective of situation awareness: an analysis of the 2002
mid-air collision over Uberlingen, Germany. Disaster Prev. Manag. 14 (4), 548-557.
https://doi.org/10.1108/09653560510618375.

Matthews, R., 2014. ““Aviation is Safer Than Ever” — Why?’ ISASI Forum. July-
September, 24-29, 39. URL: http://www.isasi.org/Documents/ForumMagazines/
Forum %20Jul-Sept %202014 lowres.pdf. Accessed 20/8/22.

Maurino, D., Reason, J., Johnston, N., Lee, R., 1995. Beyond Aviation Human Factors:
Safety in High Technology Systems. Avebury Aviation.

Meeuwis, C., Steinmetz, V., Hamming, J.F., Dekker, S.W.A., 2020. A FRAM requirements
analysis for Safety Differently investigations. Saf. Sci. 125, 104653 https://doi.org/
10.1016/j.55¢i.2020.104653.

Merton, R.K., 1972. Insiders and outsiders: a chapter in the sociology of knowledge. Am.
J. Sociol. 78 (1), 9-47. https://doi.org/10.1086,/225294.

Metso, L., Marttonen, S., Thenent, N.E., Newnes, L.B., 2016. Adapting the SHEL model in
investigating industrial maintenance. J. Qual. Maint. Eng. 22 (1), 62-80. https://doi.
org/10.1108/JQME-12-2014-0059.

Miles, M.B., Huberman, A.M., Saldana, J., 2014. Qualitative Data Analysis: A Methods
Sourcebook, 4th edn. SAGE.

Morley, J., Stuart, J., 2013. Improving our Capability to Investigate for Organizational
and Management Factors. ISASI Technical Paper. ISASI 2013 Seminar, Vancouver, B.
C., Canada. August 19-22, 2013. URL: https://www.isasi.org/Documents/libra
ry/technical-papers/2013/ISASI %202013 %20- %20Morley %20and %20Stuart.
pdf. Accessed 11 July 2022.

Morley, J., Stuart, J. 2014. ‘Improving Investigation of Organizational and Management
Factors’. ISASI Forum. April-June, 11-13. URL: https://www.isasi.org/Documents/F
orumMagazines/Forum _Spring 2014 _Web.pdf. Accessed 11 July 2022.

Mumaw, R., Bramble, W., Morley, J., Rome, F., 2018. ‘Analysis Techniques for
Investigating Human Performance’. Technical paper presented at ISASI 2017. ISASI
Forum. July-September, 4-11. URL: https://www.isasi.org/Documents/ForumMaga
zines/ISASI-Forum-51-3-final-web-revised-02.pdf. Accessed 11 July 2022.

Nagy, N., 2019. ‘Investigating our Future’. ISASI Forum. January-March, 22-25. URL: htt
ps://www.isasi.org/Documents/ForumMagazines/Forum-2019-JanToMarch.pdf.
Accessed 11 July 2022.

Nielsen, C.B., Larsen, P.G., Fitzgerald, J., Woodcock, J., Peleska, J., 2015. Systems of
systems engineering: basic concepts, model-based techniques, and research
directions. ACM Comput. Surv. 48(2), 18. doi: 10.1145/2794381.

Nixon, J., Braithwaite, G.R., 2018. What do aircraft accident investigators do and what
makes them good at it? Developing a competency framework for investigators using
grounded theory. Saf. Sci. 103, 153-161. https://doi.org/10.1016/j.
ss¢i.2017.11.017.

NSIA, 2021. ‘The NSIA Method: framework and analysis process for systematic safety
investigations’. 3" edition. (the 2017 1% edition was termed the AIBN Method).
Norwegian Safety Investigation Authority, Lillestrgm. URL: https://www.nsia.no/?
nid=13467&lcid=1033&iid=34327&pid=SH-Modules-FilesModule-Files.SH-File
Line-File. Accessed 6 October 2022.

NSIA, 2022. Norwegian Safety Investigation Authority (Statens havarikommisjon): About
us — Methodology. Norwegian Safety Investigation Authority, Lillestrsm. URL:
https://www.nsia.no/About-us/Methodology. Accessed 19 September 2022.

NTSB, 2002. National Transportation Safety Board Aviation Investigation Manual.
November 2002. URL: https://www.ntsb.gov/investigations/process/Documents/M
ajorInvestigationsManual.pdf. Accessed 19 January 2021.

NTSB, 2020a. The Investigative Process. National Transportation Safety Board,
Washington, DC. URL: https://www.ntsb.gov/investigations/process/Pages/default.
aspx. Accessed 16 May 2020.

NTSB, 2020b. Information and Guidance for Parties to NTSB Accident and Incident
Investigations. URL: https://www.ntsb.gov/legal/Documents/NTSB_Investiga
tion_Party Form.pdf. Accessed 13 September 2020.

Paradies, M., Unger, L., 2015. Using the Essential TapRooT ® Techniques to Investigate
Low-to-Medium Risk Incidents. System Improvements, Inc. (Overview of book at
URL: https://www.taproot.com/using-essential-taproot-techniques-investigate-low-t
o-medium-risk-incidents/. Accessed 25 August 2022).

Paradies, M., 2019. Using TapRooT ® Root Cause Analysis to Investigate Precursor
Incidents and Major Accidents. System Improvements, Inc. URL: https://www.
taproot.com/content/wp-content/uploads/2006,/09/Using_the TapRooTR_System.
pdf. Accessed 16 March 2020.

Paries, J., 1999. Shift in safety paradigm is key to future success in reducing air
accidents. ICAO J. 54(5), 20-22. URL: https://www.icao.int/publications/Pages/
ICAO-Journal.aspx?year=1999&lang—en. Accessed 9 March 2023.

Patriarca, R., Chatzimichailidou, M., Karanikas, N., Di Gravio, G., 2022. The past and
present of system-theoretic accident model and processes (STAMP) and its associated
techniques: a scoping review. Saf. Sci. 146(105566), 1-19. doi: 10.1016/j.
ss¢i.2021.105566.

Patton, M.Q., 2015. Qualitative Research and Evaluation Methods, 4th edn. SAGE.

Perrow, C., 1984. Normal Accidents: Living with High-Risk Technologies. Princeton
University Press.

Pimble, J., O’Toole, S., 1982. Analysis of accident reports. Ergonomics 25 (11), 967-979.
https://doi.org/10.1080/00140138208925058.

Rae, A., Provan, D., Aboelssaad, H., Alexander, R., 2020. A manifesto for reality-based
safety science. Saf. Sci. 126, 104654 https://doi.org/10.1016/j.ss¢i.2020.104654.

Rashid, H.S.J., Place, C.S., Braithwaite, G.R., 2013. Investigating the investigations: a
retrospective study in the aviation maintenance error causation. Cogn. Tech. Work
15, 171-188. https://doi.org/10.1007/s10111-011-0210-7.


https://doi.org/10.1016/j.ssci.2020.104632
https://doi.org/10.1016/j.ssci.2020.104632
https://doi.org/10.1016/j.ssci.2018.04.025
https://doi.org/10.1016/j.ssci.2018.04.025
https://eprints.qut.edu.au/235252/1/ISASI_Karanikas_2022.pdf
https://eprints.qut.edu.au/235252/1/ISASI_Karanikas_2022.pdf
https://flightsafety.org/wp-content/uploads/2017/03/04.-Rob-Lee-Way-Ahead-in-Aviation-Safety.pdf
https://flightsafety.org/wp-content/uploads/2017/03/04.-Rob-Lee-Way-Ahead-in-Aviation-Safety.pdf
https://doi.org/10.1016/j.ssci.2008.11.002
https://doi.org/10.1016/j.aap.2011.05.026
https://doi.org/10.1016/0376-6349(84)90036-1
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1150
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1150
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1150
https://doi.org/10.1016/S0925-7536(03)00047-X
https://doi.org/10.1016/j.ssci.2009.12.021
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1165
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1165
https://doi.org/10.1016/j.apergo.2016.01.015
http://psas.scripts.mit.edu/home/2020-stamp-workshop-presentations/
http://psas.scripts.mit.edu/home/2020-stamp-workshop-presentations/
http://psas.scripts.mit.edu/home/wp-content/uploads/2016/04/CAST-tutorial-2016.pdf
http://psas.scripts.mit.edu/home/wp-content/uploads/2016/04/CAST-tutorial-2016.pdf
https://doi.org/10.1177/0170840608101478
https://shemesh.larc.nasa.gov/fm/papers/Hayhurst-2003-cp212642-IRIA.pdf
https://shemesh.larc.nasa.gov/fm/papers/Hayhurst-2003-cp212642-IRIA.pdf
https://www.isasi.org/Library/technical-papers.aspx
https://www.isasi.org/Library/technical-papers.aspx
http://sunnyday.mit.edu/shell-moerdijk-cast.pdf
https://psas.scripts.mit.edu/home/get_file4.php?name=CAST_handbook.pdf
https://doi.org/10.1016/j.ssci.2010.05.006
https://www.isasi.org/Documents/Learning%e2%80%af%2520From%e2%80%af%2520and%e2%80%af%2520Preparing%e2%80%af%2520for%e2%80%af%2520Traditional%e2%80%af%2520Airline%e2%80%af%2520Accident%e2%80%af%2520Investigati....pdf
https://www.isasi.org/Documents/Learning%e2%80%af%2520From%e2%80%af%2520and%e2%80%af%2520Preparing%e2%80%af%2520for%e2%80%af%2520Traditional%e2%80%af%2520Airline%e2%80%af%2520Accident%e2%80%af%2520Investigati....pdf
https://www.isasi.org/Documents/Learning%e2%80%af%2520From%e2%80%af%2520and%e2%80%af%2520Preparing%e2%80%af%2520for%e2%80%af%2520Traditional%e2%80%af%2520Airline%e2%80%af%2520Accident%e2%80%af%2520Investigati....pdf
https://doi.org/10.1016/j.ssci.2018.04.015
https://doi.org/10.1016/j.ssci.2009.01.004
https://doi.org/10.1016/j.ssci.2009.01.004
https://doi.org/10.1016/j.aap.2010.07.003
https://doi.org/10.1016/j.aap.2010.07.003
https://doi.org/10.1016/j.ssci.2022.105825
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1245
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1245
https://doi.org/10.1108/09653560410521670
https://doi.org/10.1108/09653560510618375
http://www.isasi.org/Documents/ForumMagazines/Forum%e2%80%af%2520Jul-Sept%e2%80%af%25202014_lowres.pdf
http://www.isasi.org/Documents/ForumMagazines/Forum%e2%80%af%2520Jul-Sept%e2%80%af%25202014_lowres.pdf
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1265
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1265
https://doi.org/10.1016/j.ssci.2020.104653
https://doi.org/10.1016/j.ssci.2020.104653
https://doi.org/10.1086/225294
https://doi.org/10.1108/JQME-12-2014-0059
https://doi.org/10.1108/JQME-12-2014-0059
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1285
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1285
https://www.isasi.org/Documents/library/technical-papers/2013/ISASI%e2%80%af%25202013%e2%80%af%2520-%e2%80%af%2520Morley%e2%80%af%2520and%e2%80%af%2520Stuart.pdf
https://www.isasi.org/Documents/library/technical-papers/2013/ISASI%e2%80%af%25202013%e2%80%af%2520-%e2%80%af%2520Morley%e2%80%af%2520and%e2%80%af%2520Stuart.pdf
https://www.isasi.org/Documents/library/technical-papers/2013/ISASI%e2%80%af%25202013%e2%80%af%2520-%e2%80%af%2520Morley%e2%80%af%2520and%e2%80%af%2520Stuart.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum_Spring_2014_Web.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum_Spring_2014_Web.pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2019-JanToMarch.pdf
https://www.isasi.org/Documents/ForumMagazines/Forum-2019-JanToMarch.pdf
https://doi.org/10.1016/j.ssci.2017.11.017
https://doi.org/10.1016/j.ssci.2017.11.017
https://www.nsia.no/?nid=13467%26lcid=1033%26iid=34327%26pid=SH-Modules-FilesModule-Files.SH-FileLine-File
https://www.nsia.no/?nid=13467%26lcid=1033%26iid=34327%26pid=SH-Modules-FilesModule-Files.SH-FileLine-File
https://www.nsia.no/?nid=13467%26lcid=1033%26iid=34327%26pid=SH-Modules-FilesModule-Files.SH-FileLine-File
https://www.nsia.no/About-us/Methodology
https://www.ntsb.gov/investigations/process/Documents/MajorInvestigationsManual.pdf
https://www.ntsb.gov/investigations/process/Documents/MajorInvestigationsManual.pdf
https://www.ntsb.gov/investigations/process/Pages/default.aspx
https://www.ntsb.gov/investigations/process/Pages/default.aspx
https://www.ntsb.gov/legal/Documents/NTSB_Investigation_Party_Form.pdf
https://www.ntsb.gov/legal/Documents/NTSB_Investigation_Party_Form.pdf
https://www.taproot.com/using-essential-taproot-techniques-investigate-low-to-medium-risk-incidents/
https://www.taproot.com/using-essential-taproot-techniques-investigate-low-to-medium-risk-incidents/
https://www.taproot.com/content/wp-content/uploads/2006/09/Using_the_TapRooTR_System.pdf
https://www.taproot.com/content/wp-content/uploads/2006/09/Using_the_TapRooTR_System.pdf
https://www.taproot.com/content/wp-content/uploads/2006/09/Using_the_TapRooTR_System.pdf
https://www.icao.int/publications/Pages/ICAO-Journal.aspx?year=1999%26lang=en
https://www.icao.int/publications/Pages/ICAO-Journal.aspx?year=1999%26lang=en
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1370
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1375
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1375
https://doi.org/10.1080/00140138208925058
https://doi.org/10.1016/j.ssci.2020.104654
https://doi.org/10.1007/s10111-011-0210-7

K. Bills et al.

Rasmussen, J., 1990. Human Error and the problem of causality in analysis of accidents.
Philos. Trans. R. Soc. Lond. B327, 449-462. https://doi.org/10.1098/
rstb.1990.0088.

Rasmussen, J., 1997. Risk management in a dynamic society: a modelling problem. Saf.
Sci. 27, 183-213. https://doi.org/10.1016,/50925-7535(97)00052-0.

Rasmussen, J., Svedung, 1., 2000. Proactive Risk Management in a Dynamic Society.
Swedish Rescue Services Agency, Karlstad.

Rasmussen, J., 1994. Risk Management, Adaption, and Design for Safety. In: Brehmer, B.,
Sahlin, N.-E. (Eds.), Future Risks and Risk Management. Kluwer Academic
Publishers. Reprinted as a Springer Link e-book in 2013, Chapter 1, pp. 1-36. doi:
10.1007/978-94-015-8388-6.

Read, G.J.M., Shorrock, S., Walker, G.H., Salmon, P.M., 2021. State of science: evolving
perspectives on “human error”. Ergonomics 64 (9), 1091-1114. https://doi.org/
10.1080/00140139.2021.1953615.

Read, G.J.M., O’Brien, A., Stanton, N.A., Salmon, P.M., 2022. Learning lessons for
automated vehicle design: using systems thinking to analyse and compare
automation-related accidents across transport domains. Saf. Sci. 153 https://doi.
org/10.1016/j.ssci.2022.105822.

Reason, J., 1990a. Human Error. Cambridge University Press.

Reason, J., 1995. A systems approach to organizational error. Ergonomics 38 (8),
1708-1721. https://doi.org/10.1080/00140139508925221.

Reason, J., 1997. Managing the Risks of Organizational Accidents. Ashgate, Aldershot.

Reason, J., 2000. Safety paradoxes and safety culture. Inj. Control Saf. Promot. 7 (1),
3-14. https://doi.org/10.1076/1566-0974(200003)7:1;1-V;FT003.

Reason, J., 2008. The Human Contribution: Unsafe Acts. Accidents and Heroic
Recoveries, Ashgate, Farnham.

Reason, J., 2016. Organizational Accidents Revisited. Ashgate, Farnham.

Reason, J., Hollnagel, E., Paries, J., 2006. Revisiting the “Swiss Cheese” Model of
Accidents. European Organisation for the Safety of Air Navigation, Eurocontrol
Experimental Centre 2006-017EEC Note 2006/13. 30 October 2006. URL: htt
ps://www.eurocontrol.int/publication/revisiting-swiss-cheese-model-accidents.
Accessed 17 March 2020.

Reason, J., Hobbs, A., 2003. Managing Maintenance Error. Ashgate.

Reason, J., 1990b. The contribution of latent human failures to the breakdown of
complex systems. Philos. Trans. R. Soc. Lond. B 327(1241), 12 April, 475-484. doi:
10.1098/rs5tb.1990.0090.

Reason, J., 1991a. The contribution of latent human failures to the breakdown of
complex systems. In: The BASI Journal. No.9, September 1991, pp. 3-12. URL: https
://prearcl.erau.edu/awweb/main.jsp?flag=browse&smd=1&awdid=2. Accessed
23 September 2022.

Reason, J., 1991b. Identifying the Latent Causes of Aircraft Accidents Before and After
the Event. Paper presented at ISASI 1991 held in Canberra, 4-7 November 1991.
Proceedings of the International Society of Air Safety Investigators 22nd Annual
Seminar. ISASI, Washington.

Reason, J., 2003. Heroic Compensations: The Benign Face of the Human Factor. In:
Pfister, P., Edkins, G. (Eds.), Innovation and Consolidation in Aviation: Selected
Contributions to the Australian Aviation Psychology Symposium 2000. Routledge,
London, Chapter 1, pp. 1-6. Also available as a 2016 ebook, doi: 10.4324/
9781315252223.

Reiman, T., Viitanen, K., 2020. Towards actionable safety science. In: Le Coze, J.-C.
(Ed.), Safety Science Research: Evolution, Challenges and New Directions. CRC
Press, Chapter 13, pp. 203-222.

RMIT, 2019. ‘Certificate in Transport Safety Investigation’. RMIT University, Melbourne.
URL: https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/g
raduate-certificates/graduate-certificate-in-transport-safety-investigation-gc165.
Accessed 23 December 2019.

RMIT, 2022. Graduate Diploma in Transport Safety Investigation. URL: https://www.rm
it.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-diplomas/
graduate-diploma-in-transport-safety-investigation-gd208. Accessed 25 September
2022.

Roed-Larsen, S., Stoop, J., 2012. Modern accident investigation - four major challenges.
Saf. Sci. 50(6), 1392-1397. doi: 10.1016/j.ssci.2011.03.005.

Roed-Larsen, S., Valvisto, T., Harms-Ringdahl, L., Kirchsteiger, C., 2004. Accident
investigation practices in Europe - main responses from a recent study of accidents in
industry and transport. J. Hazard. Mater. 111 (1-3), 111-114. https://doi.org/
10.1016/j.jhazmat.2004.02.008.

Roed-Larsen, S., Stoop, J., Funnemark, E. (Eds.), 2005. Shaping Public Safety
Investigations of Accidents in Europe: An ESReDA Working Group Report. Det
Norske Veritas, Norway.

Rollenhagen, C., Westerlund, J., Lundberg, J., Hollnagel, E., 2010. The context and
habits of accident investigation practices: a study of 108 Swedish investigators. Saf.
Sci. 48 (7), 859-867. https://doi.org/10.1016/.5s¢i.2010.04.001.

Rome, F., 2018. Using a specific occurrence analysis methodology. In: Mumaw, R.,
William, B., Morley, J., Rome, F. (Eds.), Analysis Techniques for Investigating
Human Performance, pp. 9-11. Originally presented at ISASI 2017, August 22-24
2017. Adapted for publication in the ISASI Forum of July-September 2018. URL:
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-
revised-02.pdf. Accessed 11 July 2022.

Rome, F., 2019. Investigating Human Factors. BEA Technical paper to ISASI 2019, 4
September. URL: https://www.isasi.org/Documents/library/technical-papers/2019
/Wed/Parallel/4. %20Investigating %20Human %20Factors.pdf. Accessed 7 July
2022.

Roth, W.-M., Marvin, T., Dekker, S., 2014. The theory-practice gap: epistemology,
identity, and education. Education + Training 56 (6), 521-536. https://doi.org/
10.1108/ET-11-2012-0117.

18

Safety Science 168 (2023) 106315

Saleh, J.H., Marais, K.B., Bakolas, E., Cowlagi, R.V., 2010. Highlights from the literature
on accident causation and system safety: review of major ideas, recent contributions,
and challenges. Reliab. Eng. Syst. Saf. 95, 1105-1116. https://doi.org/10.1016/j.
ress.2010.07.004.

Salmon, P.M., 2016. Bridging the gap between ergonomics methods research and
practice: methodological Issues in Ergonomics Science Part II: Editorial. Theor.
Issues Ergon. Sci. 17 (5-6), 459-467. https://doi.org/10.1080/
1463922X.2016.1200693.

Salmon, P.M., Cornelissen, M., Trotter, M.J., 2012. Systems-based accident analysis
methods: a comparison of Accimap, HFACS, and STAMP. Saf. Sci. 50 (4),
1158-1170. https://doi.org/10.1016/j.s5¢i.2011.11.009.

Salmon, P.M., Hulme, A., Walker, G.H., Waterson, P., Berber, E., Stanton, N.A., 2020a.
The big picture on accident causation: A review, synthesis and meta-analysis of
Accimap studies. Saf. Sci. 126, 1-15. doi: 10.1016/j.s5¢i.2020.104650.

Salmon, P.M., Hulme, A., Walker, G.H., Waterson, P., Stanton, N.A., 2020b. The Accident
Network (AcciNet): A new accident analysis method for describing the interaction
between normal performance and failure. In: Proceedings of the 2020 HFES 64
International Annual Meeting. Human Factors and Ergonomics Society, pp.
1676-1680. doi: 10.1177/1071181320641407.

Salmon, P.M., Stanton, N.A., Walker, G.H., Hulme, A., Goode, N., Thompson, J., Read, G.
J.M., 2023. Handbook of Systems Thinking Methods. CRC Press E-Book. doi:
10.1201/9780429281624.

Salmon, P.M., Read, G.J.M., 2019. Many model thinking in systems ergonomics: a case
study in road safety. Ergonomics 62 (5), 612-628. https://doi.org/10.1080/
00140139.2018.15502014.

Salmon, P.M., Walker, G.H., Stanton, N.A., 2015. Broken components versus broken
systems: why it is systems not people that lose situation awareness. Cogn. Technol.
Work 17 (2), 179-183. https://doi.org/10.1007/s10111-015-0324-4.

Salmon, P.M., Walker, G.H., Read, G.J.M., Goode, N., Stanton, N.A., 2017. Fitting
methods to paradigms: are ergonomics methods fit for system thinking? Ergonomics
60 (2), 194-205. https://doi.org/10.1080/00140129.2015.1103385.

Salmon, P.M., 2021. Systems thinking in occupational health and safety: ten lessons
learned. Annual Australian Institute of Health & Safety Dr Eric Wigglesworth
Memorial Lecture. Webinar 17 June 2021.

Schwandt, T.A., Gates, E.F., 2017. Case Study Methodology. In: Denzin, N.K., Lincoln, Y.
S. (Eds.), The SAGE Handbook of Qualitative Research, 5th edn., SAGE. Chapter 14,
pp. 600-630.

Serrat, O., 2017. The five whys technique. In: Knowledge Solutions, Springer, Singapore,
Proposition 32 chapter, pp. 307-310. doi: 10.1007/978-981-10-0983-9_32.

Shappell, S., Wiegmann, D.A., 2001. Applying Reason: The Human Factors Analysis and
Classification System (HFACS). Hum. Factors Aerosp. Saf. 1(1), 59-86, Ashgate
Publishing. E-book published by Routledge Revivals 2017. doi: 10.4324/
9781315203942.

Shappell, S., Detwiler, C., Holcomb, K., Hackworth, C., Bouquet, A., Wiegmann, D.A.,
2007. Human error and commercial aviation accidents: an analysis using the human
factors analysis and classification system. Hum. Factors 49 (2), 227-242. https://doi.
org/10.1518/001872007X312469.

SHK, 2020. Investigation Process. Swedish Accident Investigation Authority (Statens
haverikommission or SHK). URL: https://www.havkom.se/en/om-shk/utrednings
arbetet. Accessed 16 May 2020.

Shorrock, S.T., Williams, C.A., 2016. Human factors and ergonomics methods in practice:
three fundamental constraints. Theor. Issues Ergon. Sci. 17 (5-6), 468-482. https://
doi.org/10.1080/1463922X.2016.1155240.

Shorrock, S.T., 2020. Safety research and safety practice: islands in a common sea. In: Le
Coze, J.-C. (Ed.), Safety Science Research: Evolution, Challenges and New
Directions. CRC Press, Chapter 14, pp. 223-245.

SIA, 2012. Models of causation: safety. In: Toft, Y., Dell, G., et al., OHS Core Body of
Knowledge for the Generalist OHS Professional, Safety Institute of Australia,
Melbourne, Chapter 32. URL: https://www.ohsbok.org.au/wp-content/uploads/20
13/12/32-Models-of-causation-Safety.pdf. Last accessed 15 May 2022.

SIAF, 2018. Safety Investigation Authority, Finland. ‘English Summary, Analysis,
Conclusions and Recommendations in relation to two serious incidents on 23 and 24
January 2018 at Helsinki-Vantaa aerodrome’. Full report published in Finnish on 17
October 2018 citing 1995 work on Activity Theory by Yrjo Engestrom (see Blunden,
2015 above). URL: https://turvallisuustutkinta.fi/en/index/tutkintaselostukset/
ilmailuonnettomuuksientutkinta/tutkintaselostuksetvuosittain/2018,/12018-
02helsinki-vantaanlentoasemallatapahtuitammikuussa2018perakkaisinapaivinakak
sivakavaavaaratilannetta.8239.html#.

SIAF, 2019. Airliner Veering Off the Runway During Landing Roll at Savonlinna Airport
on 7 January 2019. L2019-01. Report published 10 December 2019. Safety
Investigation Authority, Finland, Helsinki. URL: https://turvallisuustutkinta.fi/mat
erial/attachments/otkes/tutkintaselostukset/CpgSZXpr7/12019-01_Investigation_r
eport.pdf. Accessed 8 December 2020.

SIAF, 2020a. Safety Investigation. Safety Investigation Authority, Finland, Helsinki. URL:
https://turvallisuustutkinta.fi/en/index/otkes/accidentandsafetyinvestigation_1.
html#. Accessed 16 May 2020.

SIAF, 2020b. Provision of initial research participant data: response to initial questions,
exemplar aviation report pdfs, and signed participation form dated 7 December
2020. Safety Investigation Authority, Finland. 8 December 2020.

Sklet, S., 2004. Comparison of some selected methods for accident investigation.

J. Hazard. Mater. 111 (1-3), 29-37. https://doi.org/10.1016/j.jhazmat.2004.02.00.

Sklet, S., 2002. Methods for Accident Investigation. Norwegian University of Science and
Technology (NTNU) Reliability, Safety, & Security Studies (ROSS). NTNU Report
200208, Archive 1958.2002, 75 pages. Date 2002-11-10, ISBN 82-7706-181-1.

SKYbrary. n.d.3. ICAO SHELL Model’. https://www.skybrary.aero/articles/icao-shell
-model. Accessed 25 November 2022.


https://doi.org/10.1098/rstb.1990.0088
https://doi.org/10.1098/rstb.1990.0088
https://doi.org/10.1016/S0925-7535(97)00052-0
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1405
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1405
https://doi.org/10.1080/00140139.2021.1953615
https://doi.org/10.1080/00140139.2021.1953615
https://doi.org/10.1016/j.ssci.2022.105822
https://doi.org/10.1016/j.ssci.2022.105822
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1425
https://doi.org/10.1080/00140139508925221
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1435
https://doi.org/10.1076/1566-0974(200003)7:1;1-V;FT003
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1445
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1445
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1450
https://www.eurocontrol.int/publication/revisiting-swiss-cheese-model-accidents
https://www.eurocontrol.int/publication/revisiting-swiss-cheese-model-accidents
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1460
https://prcarc1.erau.edu/awweb/main.jsp?flag=browse%26smd=1%26awdid=2
https://prcarc1.erau.edu/awweb/main.jsp?flag=browse%26smd=1%26awdid=2
https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-certificates/graduate-certificate-in-transport-safety-investigation-gc165
https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-certificates/graduate-certificate-in-transport-safety-investigation-gc165
https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-diplomas/graduate-diploma-in-transport-safety-investigation-gd208
https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-diplomas/graduate-diploma-in-transport-safety-investigation-gd208
https://www.rmit.edu.au/study-with-us/levels-of-study/postgraduate-study/graduate-diplomas/graduate-diploma-in-transport-safety-investigation-gd208
https://doi.org/10.1016/j.jhazmat.2004.02.008
https://doi.org/10.1016/j.jhazmat.2004.02.008
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1510
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1510
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1510
https://doi.org/10.1016/j.ssci.2010.04.001
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/ForumMagazines/ISASI-Forum-51-3-final-web-revised-02.pdf
https://www.isasi.org/Documents/library/technical-papers/2019/Wed/Parallel/4.%e2%80%af%2520Investigating%e2%80%af%2520Human%e2%80%af%2520Factors.pdf
https://www.isasi.org/Documents/library/technical-papers/2019/Wed/Parallel/4.%e2%80%af%2520Investigating%e2%80%af%2520Human%e2%80%af%2520Factors.pdf
https://doi.org/10.1108/ET-11-2012-0117
https://doi.org/10.1108/ET-11-2012-0117
https://doi.org/10.1016/j.ress.2010.07.004
https://doi.org/10.1016/j.ress.2010.07.004
https://doi.org/10.1080/1463922X.2016.1200693
https://doi.org/10.1080/1463922X.2016.1200693
https://doi.org/10.1016/j.ssci.2011.11.009
https://doi.org/10.1080/00140139.2018.15502014
https://doi.org/10.1080/00140139.2018.15502014
https://doi.org/10.1007/s10111-015-0324-4
https://doi.org/10.1080/00140129.2015.1103385
https://doi.org/10.1518/001872007X312469
https://doi.org/10.1518/001872007X312469
https://www.havkom.se/en/om-shk/utredningsarbetet
https://www.havkom.se/en/om-shk/utredningsarbetet
https://doi.org/10.1080/1463922X.2016.1155240
https://doi.org/10.1080/1463922X.2016.1155240
https://www.ohsbok.org.au/wp-content/uploads/2013/12/32-Models-of-causation-Safety.pdf
https://www.ohsbok.org.au/wp-content/uploads/2013/12/32-Models-of-causation-Safety.pdf
https://turvallisuustutkinta.fi/material/attachments/otkes/tutkintaselostukset/CpgSZXpr7/L2019-01_Investigation_report.pdf
https://turvallisuustutkinta.fi/material/attachments/otkes/tutkintaselostukset/CpgSZXpr7/L2019-01_Investigation_report.pdf
https://turvallisuustutkinta.fi/material/attachments/otkes/tutkintaselostukset/CpgSZXpr7/L2019-01_Investigation_report.pdf
https://turvallisuustutkinta.fi/en/index/otkes/accidentandsafetyinvestigation_1.html%23
https://turvallisuustutkinta.fi/en/index/otkes/accidentandsafetyinvestigation_1.html%23
https://doi.org/10.1016/j.jhazmat.2004.02.00
https://www.skybrary.aero/articles/icao-shell-model
https://www.skybrary.aero/articles/icao-shell-model

K. Bills et al.

SKYbrary. n.d.4. Human Factors Analysis and Classification System (HFACS). URL:
https://www.skybrary.aero/index.ph
p/Human_Factors_Analysis_and_Classification_System_(HFACS). Accessed 10 April
2020.

SKYbrary. n.d.6. ‘ICAO ADREP’. URL: https://skybrary.aero/articles/icao-adrep.
Accessed 11 July 2022.

SKYbrary. n.d.7. ‘Generic Error-Modelling System (GEMS)’. URL: https://skybrary.aero/
articles/generic-error-modelling-system-gems. Last accessed 15 March 2023.

Smart, K., 2004. Credible investigation of air accidents. J. Hazard. Mater. 111 (1-3),
111-114. https://doi.org/10.1016/j.jhazmat.2004.02.018.

SMICG, 2019. Guidance for Comprehensive Safety Performance Management in a State
Safety Programme. Safety Management International Collaboration Group (SMICG),
July 2019. URL: https://skybrary.aero/sites/default/files/bookshelf/5436.pdf. Last
accessed 22 August 2022.

Smith, D., Veitch, B., Khan, F., Taylor, R., 2017. Understanding industrial safety:
comparing fault tree, Bayesian network, and FRAM approaches. J. Loss Prev. Process
Ind. 45, 88-101. https://doi.org/10.1016/].jlp.2016.11.016.

Snowdon, P., Johnson, C.W. 1999. Results of a preliminary survey into the usability of
accident and incident reports. In: Noyes, J., Bransby, M. (Eds.), People in Control: An
International Conference on Human Interfaces in Control Rooms, Cockpits and
Command Centres, Bath 21-23 June. The Institute of Electrical Engineers, London,
pp. 258-262.

Stake, R.E., 1995. The Art of Case Study Research. SAGE.

Stake, R.E., 2005. Qualitative case studies. In: Denzin, N.K., Lincoln, Y.S. (Eds.), The Sage
Handbook of Qualitative Research. SAGE, pp. 443-466.

Stake, R.E., 2006. Multiple Case Study Analysis. The Guilford Press.

Stake, R., 2010. Qualitative Research: Studying How Things Work. The Guilford Press.

Stanton, N.A., Rafferty, L.A., Blane, A., 2012. Human factors analysis of accidents in
system of systems. J. Battlefield Technol. 15(2), 23-30. URL: https://www.research
gate.net/publication/284870360_Human factors_analysis_of accidents_in_systems_o
f systems. Accessed 20 July 2022.

Stanton, N.A., Salmon, P.A., Rafferty, L.A., Walker, G.H., Baber, C., Jenkins, D.P., 2013.
Human error identification and accident analysis methods. In: Human Factors
Methods: A Practical Guide for Engineering and Design, 2" edn. CRC Press, Chapter
6, pp. 145-240. E-book 2017. doi: 10.1201/9781315587394.

Stanton, N.A., 2019. Models and Methods for Collision Analysis: A Guide for
Policymakers and Practitioners. RAC Foundation, London. URL: https://www.racfo
undation.org/wpcontent/uploads/Models_and_methods_for_collision_analysi
s_Stanton_March_2019.pdf. Accessed 16 September 2020.

Steele, K., Paries, J., 2007. Barriers to Safety Innovation: Experiences Applying the
“Safety Model Based Analysis” Approach in European Aviation. In: 2007 14
International Symposium on Aviation Psychology, Dayton USA, pp. 682-686. URL:
https://corescholar.libraries.wright.edu/cgi/viewcontent.cgi?article=1117&conte
xt=isap_2007. Accessed 9 March 2023.

Steele, K., Paries, J., 2008. Characterisation of the Variation in Safety Beliefs across the
Aviation Industry. URL: https://www.researchgate.net/publication/255609753.
Accessed 9 March 2023.

Stoop, J., Benner, L., 2015. What do STAMP-based analysts expect from safety
investigations? Proc. Eng. 128, 93-102. https://doi.org/10.1016/j.
proeng.2015.11.508.

Stoop, J., Dekker, S., 2012. Are safety investigations pro-active? Saf. Sci. 50, 1422-1430.
https://doi.org/10.1016/j.ss¢i.2011.03.004.

Stoop, J., 2014. Challenges to the Investigation of Occurrences: Concepts and Confusion,
Metaphors, Models and Methods. Side Document of ESReDA Project Group on Group
Dynamic Learning from Accident Investigation. URL: https://www.researchgate.
net/publication/273713446_Challenges_to_the Investigations_of Occurrences_Con
cepts_and_Confusion_Metaphors_Models_and_methods. Last accessed 22 August
2022.

Stoop, J., 2020. Foresight between whistle blowers and resilience. In: Enhancing Safety:
The Challenge of Foresight. European Safety, Reliability and Data Association
(ESReDA) Project Group on Foresight in Safety. EUR 30411 EN, Chapter 2, pp.
40-60. URL: https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-fores
ight-safety-report.pdf. Accessed 21 August 2021.

STP, 2007. Tripod Beta User Guide. Stichting Tripod Foundation (STP). PO5334 rev 3,
September 2007. (Note current version as at 4 October 2022 published by Energy
Institute Publications is version 5.1 dated November 2017 and available for GBP170
at URL: https://publishing.energyinst.org/tripod/beta/tripod-beta with 21 sample
pages from version 5.01 dated February 2015 available for free download).

Stroeve, S., Smeltink, J., Kirwan, B., 2022. Assessing and advancing safety management
in aviation. Safety 8, 20. https://doi.org/10.3390/safety8020020.

Svedung, I., Rasmussen, J., 2008. Organisational decision making and risk management
under pressure from fast technological change. In: Hale, A.R. (Ed.), Safety
Management: The Challenge of Change. Emerald.

Svedung, I., Rasmussen, J., 2002. Graphic representation of accident scenarios: mapping
structure and the causation of accidents. Saf. Sci. 40, 397-417. https://doi.org/
10.1016/50925-7535(00)00036-9.

Tadros, W., 2013. What will be in the rear-view mirror of next-generation investigators?
ISASI Technical Papers. Vancouver, British Columbia, 20 August 2013. URL: https://
www.isasi.org/Documents/library/technical-papers/2013/Keynote %20Wendy %
20Tadros %20Canada-TSB %20Chair %20Speech.docx. Accessed 22 August 2022.

TAIC, 2020a. Provision of initial research participant data: response to initial questions,
TAIC investigation guidelines 3. Analysis document, list of recent occurrence reports,
& copy of Final report: Aviation inquiry AO-2029-001. Transport Accident
Investigation Commission, Wellington, New Zealand. 16 December 2020.

TAIC, 2020b. Final report: Aviation inquiry AO-2029-001 Airbus Helicopters AS350, ZK-
HEX, Forced landing at Wakefield, Nelson on 17 February 2019. Published

19

Safety Science 168 (2023) 106315

September 2020. Transport Accident Investigation Commission, Wellington. URL:
https://www.taic.org.nz/inquiry/ao-2019-001. Accessed 16 December 2020.

TAIC, 2020c. How We Work: Evidence Analysis. New Zealand Transport Accident
Investigation Commission, Wellington. URL: https://www.taic.org.nz/how-we-wor
k/evidence-analysis.. Last accessed 5 October 2022.

TapRooT. n.d. ‘About’. URL: https://www.taproot.com/about. Last accessed 17 February
2023.

Thoroman, B., Goode, N., Salmon, P., Wooley, M., 2019. What went right? An analysis of
the protective factors in aviation near misses. Ergonomics 62 (2), 192-203. https://
doi.org/10.1080/00140139.2018.1472804.

Thoroman, B., Salmon, P., Goode, N., 2020. Applying Accimap to test the common cause
hypothesis using aviation near misses. Appl. Ergon. 87, 103110 https://doi.org/
10.1016/j.apergo.2020.103110.

Tian, W., Caponecchia, C., 2020. Using the functional resonance analysis method
(FRAM) in aviation safety: a systematic review. J. Adv. Transp. doi: 10.155/2020/
8898903.

Trotter, M.J., Salmon, P.M., Lenné, M.G., 2014. Impromaps: applying Rasmussen’s risk
management framework to improvisation accidents. Saf. Sci. 64, 60-70. https://doi.
org/10.1016/j.ssci.2013.11.021.

TSB, 2014a. Guide to Investigating for Organizational and Management Factors. 2" edn.
Transportation Safety Board of Canada (TSB), Ottawa.

TSB, 2014b. Independent Review of the Australian Transport Safety Bureau’s
Investigation Methodologies and Processes. Transportation Safety Board of Canada
(TSB), Ottawa. URL: https://www.bst-tsb.gc.ca/eng/coll/2014/revue-review-201
41201.pdf. Last accessed 11 August 2022.

TSB, 2020a. Investigation Process. Transportation Safety Board of Canada (TSB), Ottawa.
URL: https://www.tsb.gc.ca/eng/enquetes-investigations/index.html. Accessed 16
May 2020.

TSB, 2020b. Provision of initial research participant data: response to initial questions,
TSB Investigation Methodology document, four internal ISIM documents, example of
major aviation investigations using the TSB ISIM methodology. Transportation
Safety Board of Canada, Ottawa. 11 November 2020.

TSB, 2022. Departmental Plan 2022-23. Transportation Safety Board of Canada. URL:
https://www.bst-tsb.gc.ca/eng/publications/priorites-priorities/2022/2022.html.
Accessed 30 September 2022.

TSIB, 2020. Transport Safety Investigation Bureau. Singapore Ministry of Transport.
URL: https://www.mot.gov.sg/about-mot/transport-safety-investigation-bureau.
Accessed 16 May 2020.

TTSB, 2020. Investigation Process. Taiwan Transportation Safety Board (TTSB). URL:
https://www.ttsb.gov.tw/english/16051/16052/16053/16055/16163//post.
Accessed 16 May 2020.

Turner, B.A., 1978. Man-made Disasters. Wykeham, London.

Turner, B.A., 1994. Software and contingency: the text and vocabulary of system failure?
Softw. Conting. 2 (1), 31-38. https://doi.org/10.1111/j.1468-5973.1994.tb00024.x.

Turner, B.A., Pidgeon, N.F., 1997. Man-Made Disasters, 2nd edn. Butterworth-
Heinemann, Oxford.

Underwood, P., Waterson, P., 2013b. Accident Analysis Models and Methods: Guidance
for Safety Professionals. May. Loughborough University. URL: https://repository.
Iboro.ac.uk/articles/report/Accident_analysis_models_and_methods_guidance_for_sa
fety_professionals/9354404. Accessed 21 March 2020.

Underwood, P., Waterson, P., 2012. A critical review of the STAMP, FRAM and AcciMap
Systemic accident analysis models. In: Stanton, N.A. (Ed.), Advances in Human
Aspects of Road and Rail Transportation. CRC Press.

Underwood, P., Waterson, P., 2013a. Systemic accident analysis: examining the gap
between research and practice. Accid. Anal. Prev. 55, 154-164. https://doi.org/
10.1016/j.aap.2013.02.041.

Underwood, P., Waterson, P., 2014. Systems thinking, the Swiss cheese model and
accident analysis: a comparative systemic analysis of the grayrigg train derailment
Using the ATSB, AcciMap and STAMP models. Accid. Anal. Prev. 68, 75-94. https://
doi.org/10.1016/j.aap.2013.07.027.

Underwood, P., Waterson, P., Braithwaite, G., 2016. “Accident Investigation in the Wild”
- a small-scale, field-based evaluation of the STAMP method for accident analysis.
Saf. Sci. 82, 129-143. https://doi.org/10.1016/j.s5¢i.2015.08.014.

Unluer, S., 2012. Being an insider researcher while conducting case study research. Qual.
Rep. 17(29), 1-14. URL: https://nsuworks.nova.edu/tqr/voll7/iss29/2/. Accessed
19 May 2020.

Vacher, A., Priot, A.-E., Bourgeon, L., 2018. Introducing the CAST method into the safety
investigations of French state aircrafts incidents and accidents. In: 2018 STAMP
Workshop Conference, MIT. URL: http://psas.scripts.mit.edu/home/wp-content/
uploads/2018/04/Tues-VACHER-PUB-Workshop_ STAMP_2018 Vacher_V3.pdf.
Accessed 25 August 2022.

Van Vollenhoven, P., 2001. Independent accident investigation: every citizen’s right,
society’s duty. In: 3rd European Transport Safety Lecture, European Transport Safety
Council, Brussels, 23 January 2001. URL: https://archive.etsc.eu/documents/etsl3.
pdf. Last accessed 17 December 2021.

Vaughan, D., 1992. Theory elaboration: The heuristics of case analysis. In: Ragin, C.C.,
Becker, H.S. (Eds.), What is a Case? Exploring the Foundations of Social Inquiry.
Cambridge University Press. Chapter 8, pp. 173-202.

Verhoeve, K.N.R., Wolsak, T.D., Groeneweg, J., Lancioni, G.E., Metaal, N., 2004.
Optimizing fact-finding in incident investigation and using Tripod TRACK. In: SPE
88488 paper to SPE Asia Pacific Oil and Gas Conference and Exhibition. https://doi.
org/10.2118/88488-MS.

Vicente, K.J., Christoffersen, K., 2006. The Walkerton E. coli outbreak: a test of
Rasmussen’s framework for risk management in a dynamic society. Theor. Issues
Ergon. Sci. 7(2), 93-112. doi: 10.1080/14639220500078153.


https://www.skybrary.aero/index.php/Human_Factors_Analysis_and_Classification_System_(HFACS)
https://www.skybrary.aero/index.php/Human_Factors_Analysis_and_Classification_System_(HFACS)
https://skybrary.aero/articles/icao-adrep
https://skybrary.aero/articles/generic-error-modelling-system-gems
https://skybrary.aero/articles/generic-error-modelling-system-gems
https://doi.org/10.1016/j.jhazmat.2004.02.018
https://skybrary.aero/sites/default/files/bookshelf/5436.pdf
https://doi.org/10.1016/j.jlp.2016.11.016
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1700
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1705
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1705
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1710
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1715
https://www.researchgate.net/publication/284870360_Human_factors_analysis_of_accidents_in_systems_of_systems
https://www.researchgate.net/publication/284870360_Human_factors_analysis_of_accidents_in_systems_of_systems
https://www.researchgate.net/publication/284870360_Human_factors_analysis_of_accidents_in_systems_of_systems
https://www.racfoundation.org/wpcontent/uploads/Models_and_methods_for_collision_analysis_Stanton_March_2019.pdf
https://www.racfoundation.org/wpcontent/uploads/Models_and_methods_for_collision_analysis_Stanton_March_2019.pdf
https://www.racfoundation.org/wpcontent/uploads/Models_and_methods_for_collision_analysis_Stanton_March_2019.pdf
https://corescholar.libraries.wright.edu/cgi/viewcontent.cgi?article=1117%26context=isap_2007
https://corescholar.libraries.wright.edu/cgi/viewcontent.cgi?article=1117%26context=isap_2007
https://www.researchgate.net/publication/255609753
https://doi.org/10.1016/j.proeng.2015.11.508
https://doi.org/10.1016/j.proeng.2015.11.508
https://doi.org/10.1016/j.ssci.2011.03.004
https://www.researchgate.net/publication/273713446_Challenges_to_the_Investigations_of_Occurrences_Concepts_and_Confusion_Metaphors_Models_and_methods
https://www.researchgate.net/publication/273713446_Challenges_to_the_Investigations_of_Occurrences_Concepts_and_Confusion_Metaphors_Models_and_methods
https://www.researchgate.net/publication/273713446_Challenges_to_the_Investigations_of_Occurrences_Concepts_and_Confusion_Metaphors_Models_and_methods
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-foresight-safety-report.pdf
https://www.esreda.org/wp-content/uploads/2021/01/ESReDA-foresight-safety-report.pdf
https://publishing.energyinst.org/tripod/beta/tripod-beta
https://doi.org/10.3390/safety8020020
https://doi.org/10.1016/S0925-7535(00)00036-9
https://doi.org/10.1016/S0925-7535(00)00036-9
https://www.isasi.org/Documents/library/technical-papers/2013/Keynote%e2%80%af%2520Wendy%e2%80%af%2520Tadros%e2%80%af%2520Canada-TSB%e2%80%af%2520Chair%e2%80%af%2520Speech.docx
https://www.isasi.org/Documents/library/technical-papers/2013/Keynote%e2%80%af%2520Wendy%e2%80%af%2520Tadros%e2%80%af%2520Canada-TSB%e2%80%af%2520Chair%e2%80%af%2520Speech.docx
https://www.isasi.org/Documents/library/technical-papers/2013/Keynote%e2%80%af%2520Wendy%e2%80%af%2520Tadros%e2%80%af%2520Canada-TSB%e2%80%af%2520Chair%e2%80%af%2520Speech.docx
https://www.taic.org.nz/inquiry/ao-2019-001
https://www.taic.org.nz/how-we-work/evidence-analysis
https://www.taic.org.nz/how-we-work/evidence-analysis
https://www.taproot.com/about
https://doi.org/10.1080/00140139.2018.1472804
https://doi.org/10.1080/00140139.2018.1472804
https://doi.org/10.1016/j.apergo.2020.103110
https://doi.org/10.1016/j.apergo.2020.103110
https://doi.org/10.1016/j.ssci.2013.11.021
https://doi.org/10.1016/j.ssci.2013.11.021
https://www.bst-tsb.gc.ca/eng/coll/2014/revue-review-20141201.pdf
https://www.bst-tsb.gc.ca/eng/coll/2014/revue-review-20141201.pdf
https://www.tsb.gc.ca/eng/enquetes-investigations/index.html
https://www.bst-tsb.gc.ca/eng/publications/priorites-priorities/2022/2022.html
https://www.mot.gov.sg/about-mot/transport-safety-investigation-bureau
https://www.ttsb.gov.tw/english/16051/16052/16053/16055/16163//post
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1865
https://doi.org/10.1111/j.1468-5973.1994.tb00024.x
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1875
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1875
https://repository.lboro.ac.uk/articles/report/Accident_analysis_models_and_methods_guidance_for_safety_professionals/9354404
https://repository.lboro.ac.uk/articles/report/Accident_analysis_models_and_methods_guidance_for_safety_professionals/9354404
https://repository.lboro.ac.uk/articles/report/Accident_analysis_models_and_methods_guidance_for_safety_professionals/9354404
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1885
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1885
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1885
https://doi.org/10.1016/j.aap.2013.02.041
https://doi.org/10.1016/j.aap.2013.02.041
https://doi.org/10.1016/j.aap.2013.07.027
https://doi.org/10.1016/j.aap.2013.07.027
https://doi.org/10.1016/j.ssci.2015.08.014
https://nsuworks.nova.edu/tqr/vol17/iss29/2/
http://psas.scripts.mit.edu/home/wp-content/uploads/2018/04/Tues-VACHER-PUB-Workshop_STAMP_2018_Vacher_V3.pdf
http://psas.scripts.mit.edu/home/wp-content/uploads/2018/04/Tues-VACHER-PUB-Workshop_STAMP_2018_Vacher_V3.pdf
https://archive.etsc.eu/documents/etsl3.pdf
https://archive.etsc.eu/documents/etsl3.pdf
https://doi.org/10.2118/88488-MS
https://doi.org/10.2118/88488-MS

K. Bills et al.

Vickery, R., 2016. Beware the Threat to Independence and Impartiality. ISASI Forum,
April-June, 12-15. URL: https://www.isasi.org/Library/ForumMagazine. Accessed
22 December 2022.

Vincent, C., Carthey, J., Macrae, C., Amalberti, R., 2017. Safety analysis over time: seven
major changes to adverse event investigation. Implement. Sci. 12(151), 1-10. URL:
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-017-0
695-4. Accessed 25 May 2021.

Vuorio, A., Stoop, J., Johnson, C., 2017. The need to establish consistent international
safety investigation guidelines for the chemical industries. Saf. Sci. 95, 62-74.
https://doi.org/10.1016/j.ssci.2017.02.003.

Wagenaar, W.A., van der Schrier, J.H., 1997. Accident analysis: the goal and how to get
there. Saf. Sci. 26 (1/2), 25-33. https://doi.org/10.1016/50925-7535(97)00026-X.

Walker, M., Bills, K., 2008. Analysis, Causality and Proof in Safety Investigations. ATSB
Research and Analysis Report. Australian Transport Safety Bureau, Canberra. URL:
http://www.atsb.gov.au/media/27767/ar2007053.pdf.

Walker, G.H., Salmon, P.M., Bedinger, M., Stanton, N.A., 2017. Quantum ergonomics:
shifting the paradigm of the systems agenda. Ergonomics 60 (2), 157-166. https://
doi.org/10.1080/00140139.2016.1231840.

Walker, M., 2003. Reasoning with the Reason model. Paper presented at ANZSASI
Seminar, Maroochydore, 31 May-1 June 2003. URL: https://asasi.org/wp-content/
uploads/2021/05/Reasoning-with-the-Reason-Model Walker.pdf. Last accessed 15
July 2022.

Walker, M., 2019. Human Factors Investigation at the ATSB. ISASI Technical Paper, 4
September 2019. URL: https://www.isasi.org/Documents/library/technical-papers
/2019/Wed/Parallel/3. %20Human %20Factors %20Investigation %20at %20the %
20ATSB.pdf. Accessed 17/7/22.

Walsh, J., 2008. Challenges for Safety Investigation. In: Opening Address to the 2008
Australasian Regional Air Safety Seminar, Adelaide, Australia. URL: https://asasi.

20

Safety Science 168 (2023) 106315

org/wp-content/uploads/2021/05/opening-address-Challenges-for-Safety-Invest
igations-Presented-by-Julian-Walsh.pdf. Accessed 9 July 2022.

Waterson, P., Jenkins, D., Salmon, P., Underwood, P., 2017. “‘Remixing Rasmussen”: The
Evolution of Accimaps within Systemic Accident Analysis’. Appl. Ergon. 59(Part B),
483-503. doi: 10.1016/j.apergo.2016.09.004.

Wiegmann, D.A., Shappell, S.A., 2001. Human Error Analysis of Commercial Aviation
Accidents: Application of Human Factors Analysis and Classification System
(HFACS). Final report, February. Federal Aviation Administration, Office of Aviation
Medicine, Washington, D.C. Last accessed 5 February 2023. URL: https://www.faa.
gov/data_research/research/med_humanfacs/oamtechreports/2000s/media/0103.
pdf.

Wiegmann, D.A., Shappell, S.A., 2003. A Human Error Approach to Accident Analysis:
The Human Factors Analysis and Classification System. Ashgate, Aldershot.

Woltjer, R., Johansson, Bjorn, J.E., Oskarsson, P.-A., Svenmarck, P., Kirwan, B., 2022. Air
transport system agility: the agile response capability (ARC) methodology for crisis
preparedness. Infrastructures 7(2). doi: 10.3390/infrastructures7020011.

Yin, R., 2018. Case Study Research and Applications: Design and Methods, 6th edn. SAGE
Publications.

Zhang, Y., Dong, C., Guo, W., Dai, J., Zhao, Z., 2022. Systems theoretic accident model
and process (STAMP): a literature review. Saf. Sci. 152, 105506 https://doi.org/
10.1016/j.ssci.2021.105596.

Ziedelis, S., Noel, M., 2011. Comparative analysis of nuclear event investigation
methods, tools and techniques: interim technical report. Joint Research Centre
European Commission; Institute for Energy. EUR 24757 EN-2011. URL: https://core.
ac.uk/download/pdf/38621375.pdf. Accessed 13 July 2022.

Zotov, D., 2000. Scientific Methods for Accident Investigation. ASASI 2000 Regional
Seminar, Christchurch, NZ. URL: https://asasi.org/wp-content/uploads/2021/05/
scientific_ methods.pdf. Accessed 8 July 2022.


https://www.isasi.org/Library/ForumMagazine
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-017-0695-4
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-017-0695-4
https://doi.org/10.1016/j.ssci.2017.02.003
https://doi.org/10.1016/S0925-7535(97)00026-X
http://www.atsb.gov.au/media/27767/ar2007053.pdf
https://doi.org/10.1080/00140139.2016.1231840
https://doi.org/10.1080/00140139.2016.1231840
https://asasi.org/wp-content/uploads/2021/05/Reasoning-with-the-Reason-Model_Walker.pdf
https://asasi.org/wp-content/uploads/2021/05/Reasoning-with-the-Reason-Model_Walker.pdf
https://www.isasi.org/Documents/library/technical-papers/2019/Wed/Parallel/3.%e2%80%af%2520Human%e2%80%af%2520Factors%e2%80%af%2520Investigation%e2%80%af%2520at%e2%80%af%2520the%e2%80%af%2520ATSB.pdf
https://www.isasi.org/Documents/library/technical-papers/2019/Wed/Parallel/3.%e2%80%af%2520Human%e2%80%af%2520Factors%e2%80%af%2520Investigation%e2%80%af%2520at%e2%80%af%2520the%e2%80%af%2520ATSB.pdf
https://www.isasi.org/Documents/library/technical-papers/2019/Wed/Parallel/3.%e2%80%af%2520Human%e2%80%af%2520Factors%e2%80%af%2520Investigation%e2%80%af%2520at%e2%80%af%2520the%e2%80%af%2520ATSB.pdf
https://asasi.org/wp-content/uploads/2021/05/opening-address-Challenges-for-Safety-Investigations-Presented-by-Julian-Walsh.pdf
https://asasi.org/wp-content/uploads/2021/05/opening-address-Challenges-for-Safety-Investigations-Presented-by-Julian-Walsh.pdf
https://asasi.org/wp-content/uploads/2021/05/opening-address-Challenges-for-Safety-Investigations-Presented-by-Julian-Walsh.pdf
https://www.faa.gov/data_research/research/med_humanfacs/oamtechreports/2000s/media/0103.pdf
https://www.faa.gov/data_research/research/med_humanfacs/oamtechreports/2000s/media/0103.pdf
https://www.faa.gov/data_research/research/med_humanfacs/oamtechreports/2000s/media/0103.pdf
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1990
http://refhub.elsevier.com/S0925-7535(23)00257-6/h1990
http://refhub.elsevier.com/S0925-7535(23)00257-6/h2000
http://refhub.elsevier.com/S0925-7535(23)00257-6/h2000
https://doi.org/10.1016/j.ssci.2021.105596
https://doi.org/10.1016/j.ssci.2021.105596
https://core.ac.uk/download/pdf/38621375.pdf
https://core.ac.uk/download/pdf/38621375.pdf
https://asasi.org/wp-content/uploads/2021/05/scientific_methods.pdf
https://asasi.org/wp-content/uploads/2021/05/scientific_methods.pdf

	Major aviation accident investigation methodologies used by ITSA members
	Major aviation accident investigation methodologies used by ITSA members
	1 Introduction: Background, research gaps, rationale and scope
	2 Material and methods
	3 Results from the ITSA SIA participants
	3.1 AAIB
	3.2 ATSB
	3.3 BEA
	3.4 DSB
	3.5 JST
	3.6 JTSB
	3.7 SIAF
	3.8 TAIC
	3.9 TSB
	3.10 Summary of results

	4 Discussion
	4.1 Discussion of results
	4.2 Research questions
	4.3 Limitations

	5 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A The ICAO international investigation and safety framework
	The investigation shall normally include
	References


