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Abstract

The objective of this paper is to review the main studies published on occupational accidents to recognize, classify and describe
the scientific methodologies used.

To achieve the objective set we used a method that has already been implemented and validated, consisting of an extensive review
of international scientific literature related to the methodologies for investigating accidents in occupational health and safety. Then,
to assess the importance of these methodologies, we analyzed the number of times the selected publications are cited and the impact
factor of the journal where it was published.

The results of this review show that many different investigation methodologies have been developed over the last few decades.
These methodologies cover different areas of application, qualities and limitations, with the understanding that a thorough accident
investigation requires a combination of different activities included in these methods. This study describes which methodologies
have been used the most in the field of occupational accident investigations. A total of 35 different methodologies were identified.
This study reveals that, even to this day, there are not many methodologies available with a single focus on the field of occupational
health and safety. On the other hand, in order to develop and advance in the application of occupational accident investigation
techniques, it would be advisable to promote studies that verify the proper selection and use of methodologies in real cases of
occupational accidents.
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1. Introduction aviation, maritime and rail transport, hospitals, space

industry, construction etc. (Roed-Larsen and Stoop,

An accident investigation determines the facts
leading to the accident through research, observation
and examination (Harms-Ringdahl, 2004). All of this
is followed by an analysis of the facts in order to
establish the causes of the accident and the measures
that should be adopted to prevent its repetition. This
definition clearly shows why an accident investigation
is a useful tool for Safety Science.

Accident Investigation is a concept that has
been widely applied to specific fields such as civil

2012). Likewise, over the years a great number of
specific methodologies for accident investigation have
been developed for these industries (Lindberg et al.,
2010). However, most of these methodologies (Jacinto
et al., 2011) were not developed for the occupational
accidents defined by the Encyclopedia of International
Safety Organization Part VIII, Chapter 56
(International Labour Organization, 1998), as “an
event occurring while at work or in connection with
work causing occupational injuries or even death”.
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In this sense, European Directive 89/391/EEC
of the Council, of 12 June (European Council, 1989)
related to implementation of measures to promote
worker health and safety at work, became an important
milestone for all matters related to Occupational
Health and Safety (hereinafter OH&S) in Europe. This
document, which defines the common legislation
requirements for this topic in the European Union
countries, establishes in Section D of Article 9 that: "It
is an employer's obligation, to draw up, for the
responsible authorities and in accordance with
national laws and/or practices, reports on occupational
accidents suffered by his workers”. Given that this
Directive 89/391/EEC was transposed to all EU
Member States, at different times and with different
levels of detail, each EU country developed its own
system for reporting accidents and submitting
investigation reports.

As advanced by McDevitt and Benner (1981),
the concept of "accident investigation methodology"
is defined as the system of concepts, principles and
procedures to investigate accidents. To initiate an
occupational accident investigation, authors such as
Lindberg et al. (2010) and Dien et al. (2012), state it is
necessary to have a methodology to conduct the
investigation process thoroughly. Furthermore, the
methodology to be used in the investigation should
help identify the direct and the indirect causes, as well
as any faults in the organization system or work
management (Antao et al., 2008), and naturally the
methodology needs to have been validated (Katsakiori
et al., 2009).

Similarly, Roed-Larsen and Stoop (2012)
expressed that the systematic use of scientific methods
structures the investigation process and improves
identification of the causes, interpretation of the
results and validity of the recommendations.

Moreover, as stated by Katsakiori et al. (2009),
the evolution of accident investigation methodology
over time reveals a gradual shift from the search for a
single immediate cause, to the recognition of multiple
basic causes, and ultimately to the identification of
weaknesses in the organization system of the
occupational activity. That is, as stated by Dien et al.
(2004), the accident analysis methodology should not
only detect human and technical errors as causes of
accidents, but also organization errors.

In spite of these sound arguments showing not
only the usefulness but also the need to follow a
scientific methodology when conducting occupational
accident investigations, as stated by Roed-Larsen and
Stoop (2012), currently in Europe there is a worrying
lack of standardized and validated methods being used
during the analytical phase of the investigation
process.

Furthermore, for many years multiple
methodologies have been developed to investigate
accidents that could be used in the field of
occupational accidents, such as: MES (Multi-Linear
Event Sequencing) (Benner, 1975), MORT
(Management Oversight and Risk Tree) (Johnson,
1980), OARU (Occupational Accident Research Unit)
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(Kjellen and Larsson, 1981), STEP (Sequentially
Timed Events Plotting) (Hendrick and Benner, 1987),
FTA (Fault Tree Analysis) (Ferry, 1988), MTO (Man
Technology and Organisation) (Rollenhagen, 1995),
TRIPOD (Groeneweg, 1994), Acci-Map (Accident
Map) (Rasmussen, 1997). Likewise, new
methodologies have emerged over the last decade:
HFACS (The Human Factors Analysis and
Classification System) (Wiegmann and Shappell,
2001), WAIT (Work Accidents Investigation
Technique) (Jacinto and Aspinwall, 2002), FRAM
(Functional Resonance Accident Model) (Hollnagel,
2004), STAMP (System-Theoric Accident Model and
Processes) (Leveson, 2004), ATSB (Australian
Transport Safety Bureau) (2008), RIAAT (The
Recording, Investigation and Analysis of Accidents at
Work process) (Jacinto et al., 2010).

There is also a specific group of articles
describing the practical application of scientific
methodologies to actual accident investigations.
Worthy of note are the case studies by Antao et al.
(2008) and Jacinto et al. (2009) implementing the
WAIT method and the studies by Schroder-Hinrichs
et al. (2011) and Lenné et al. (2012) applying the
HFACS method.

On the other hand, we found different
administrations and organizations which have
developed their own occupational accident
investigation manuals, where they have identified,
described and, in some cases, assessed different
accident investigation methodologies: National
Institute for Occupational Health and Safety (Pique,
1997); NRI Foundation (1998); US Department of
Energy (DOE,1999); Root Causes Analysis:
Literature Review (Livingston et al., 2001); WORM
Project (Ale et al., 2006); Esreda, 2009; Accident
Analysis Models and Methods: Guidance for Safety
Professionals. Loughborough University (Underwood
and Waterson, 2013a).

Likewise, over the last few decades, a series of
reviews of scientific literature have been carried out
that cover the evolution and development of accident
investigation methods, compare their specifics
features and define their field of application, some of
which can be adapted to occupational settings
(Benner, 1985; Dien et al., 2012; Hollnagel and
Speziali, 2008; Jacinto et al., 2011; Katsakiori et al.,
2009; Sklet, 2004; Stromgren et al., 2013; Wagenaar
and Van der Schrider, 1997). Moreover, several
reviews have been developed about adequate risk
assessment of the workplace and specific
manufacturing industry methodologies and techniques
(Marhavillas et al., 2011; Willquist and Torner, 2003).

There has been, therefore, for almost half a
century, a good amount of material published on
methodologies for accident investigations, although
this data is highly fragmented and divided into
different areas of knowledge, such as Engineering,
Ergonomics, Economics, Psychology and
Organisation.

Therefore, the purpose of this study is, on the
one hand, to conduct a review of existing scientific
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literature that has dealt with the analysis of
occupational accidents, as well as studies on
occupational accident investigations published by
public administrations or institutions. Also, to classify
the methodologies used for occupational accident
investigations in the literature and studies selected,
together with a brief description of the same. Similary,
this review will complement previous reviews that left
out of scope research analysis of occupational
accidents and methodologies used. Therefore, this
study becomes the first review of the scientific
literature with this scope. This article is aimed at those
who in their research or work have the mission of
investigating occupational accidents, as it can serve as
a guide to the extensive and fragmented literature
available.

2. Methodology and search criteria
2.1. Study design

This study includes an international review of
publications which have analysed occupational
accidents as the basis for identifying the scientific
methodologies they used. In order to carry out this
review, defined by Fink (2009) as "a systematic,
explicit and complete process and a reproducible
method to identify, evaluate and synthesize existing
materials produced and reported by investigators", we
used the techniques defined in the methods applied by
Fink (2009), Okoli and Schabram (2011) and Wang et
al. (2013) (Fig.1).
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Fig. 1. Research process of systematic literature review and structuring content analysis,
Wang et al. (2013)
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On the other hand, in order to determine the
impact and importance of the methodologies
identified, this study also assessed the literature based
on the number of times the publications identified are
cited, and the impact factor of the journals they are
published in (Liu et al., 2013).

This literature review therefore aims to explore
some useful findings and identify knowledge gaps
regarding the investigation of occupational accidents
in order to establish an agenda for future research

2.2. Literature search

The bibliographic search was limited to the last
three decades so that the results are current and aligned
with recent scientific community trends. The search
was restricted to scientific papers, and studies
conducted by public administrations or institutions in
any country published mainly in Spanish or English.

In the case of public administrations and
institutions, we used the following Science Search
Engines: IEEE Xplore, Science.gov, Google and
Google Scholar. As for papers, we looked in five
international bibliographic databases: Social Science
Citation Index, Science Direct, Medline/PubMed,
Mendeley and Scopus. To find papers we used The
Social Science Citation Index as the main
bibliographic source, conducting an advanced search,
using free text expressions and full text searches.

The Keywords used were adapted to the type
of search and web tool used in each case. For the initial
search sweep we used the key words "accident
investigation" combined (AND) with "methodology".
Next we looked for the terms "accident investigation"
and "accident investigation methodologies" AND
"occupational". The article search continued by using
the long phrase "occupational accident investigation
methodologies" AND "application". All of these were
also accompanied by the word "Review". The final
search sweep was carried out by combining the name
of the known scientific methodologies AND
"occupational”.

2.3. Literature selection. Inclusion and exclusion
criteria

By applying the search strategy exposed and
because of the use of databases with overlays
information, the appearance of duplicate publications
was inevitable. Therefore, after excluding repetitions,
a total of 634 results were obtained. The relevance of
the references was determined by analysing the title
and abstract. The inclusion criteria for the articles
were those analysing a sample of actual occupational
accident investigations which then identified the
scientific methodology used. The full text of the 97
articles chosen in this initial selection were studied
before deciding whether to include them or not.

Next, from the selected articles, we assessed
the quality and clarity of the investigation and its
contribution to the scientific community.
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We also analysed the publications which had
cited them, in order to find new articles that could be
relevant to our study. Special attention was paid to
articles reviewing methods analysing who cited them,
to see whether they also used some of the
methodologies reviewed in the occupational accident
investigation analysis. Then we excluded articles
which either did not cover the topic clearly, or had
bibliographic and/or documentation flaws.

To assess the quality of the selected articles we
used IST Web of Science (WOS) as the source of data
for this study. We extracted the number of author
citations and the impact factor of the journal that had
published the article in the Thomson Reuters Journal
Citation Reports. After this final analysis, we ended up
with a selection of 42 articles and 20 studies published
by public administrations or institutions.

2.4. Literature coding

The final articles chosen were classified
according to 8§ criteria: number of the paper in
chronological order of publication, title, author or
authors and country of origin, accident investigation
methodologies used, economic activity of the sample
studied according to NACE Rev.2 (European
classification of economic activities), journal or
publication, total number of times this article is cited
and impact factor of the publication according to the
Journal Citation Reports 2014 (JCR 2014).

The manuals, studies or guides prepared by the
public administrations or institutions selected were in
turn classified according to 6 criteria: number of
publication by chronological order, title, author and
country of origin, occupational accident investigation
methodologies used, economic activity of the sample
investigated and source. Finally, we analysed the
results of the literature selected and classified them in
the abovementioned categories and looked at the state-
of-the-art for the identified occupational accident
investigation methodologies.

3. Results
3.1. Classification of quality articles selected

The first objective of this paper was to identify
the main studies published that have analysed a
sample of investigated occupational accidents, and in
turn to identify the scientific methodology used to
analyse the accidents. Based on the methodology
applied, we identified 634 publications, of which 97
were preselected for a more detailed analysis. We
ended up with a selection of 42 publications (Table 1).

As shown in Table 1, this is a very
heterogeneous sample as far as the origin of the
articles selected, since it includes studies from 4
continents (Europe, America, Asia and Oceania). In
this  selection, we identified 25 different
methodologies to investigate occupational accidents.
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Table 1. Summary of selected publications with the methodology used

Economic Impact
. Authorship and Methodologies L Journal |Times | factor
No. Tide Origin used activities s cited | JCR
(NACE Rev. 2) 2014
. . . Feyer and
1 A clasmﬁcatlon system for causes of occupatlonal Williamson (1991). MORT Several SIWEH 35 3454
accidents for use in preventive strategies - Workplaces
Australia
Wagenaar and Van ..
. . . Mining and
2 Accident analysis the goal, and how to get there der Schrider (1997) TRIPOD Q . SS 14 1.831
The Netherlands uarymg
3 Identifying root causes of construction injuries Hinze %g{&(lggg)' OSHA Construction JCEM 67 0.842
A comparison of accident analysis technique for Kontogiannis et al., FTA, STEP, Mining and
4 . f (2000) . . DIE 22 1.070
safety-critical man-machine systems Greece Petri nets Quarrying
Abdelhamid and
5 Identifying root causes of construction accidents Everett (2000). ARCTM Construction JCEM 75 0.842
USA
. Lo Jacinto and
6 | WAIT-anew method for the investigationand | 4011 (2002) WAIT Manufacturing | PPHS | 4 No
Analysis of accidents al work record
Portugal
. . Lo . Jacinto and
7 Work accidents investigation Technique (WAIT)- Aspinwall (2003) WAIT Construction SSM 25 No
Part I record
Portugal
Electricity, gas.
Organisational accidents investigation Dien et al. (2004) Event tree Steam and air
8 . e JHM 23 4.529
methodology and lessons learned France Analysis. conditioning
supply
T Jacinto and Manufacturing
9 WAIT (Part H)—Rz(szl(ﬂt(;iseﬁfsappllcatlon in real Aspinwall (2004a) WAIT and SSM 5 reI(\:Igrd
Portugal and UK construction
Jacinto and Manufacturing No
10 WAIT (Part III)- Preliminary validation studies Aspinwall (2004b) WAIT, PFA and SSM 3
. record
Portugal and UK construction
Haslam et al.
11 Contributing factors in construction accidents (2005). HSE Construction AE 117 2.023
UK
Accident patterns and prevention measures for .
12 fatal occupational falls in the construction Chi e;;l\;viliOOS). MES Construction AE 71 2.023
industry
. . Attwood et al. .
Occupational accident models. Where have we MORT and Mining and
13 b 4 wh o (20006). HSE Q . JLPPI 21 1.406
een and where are we going? UK and Canada uarrying
. . . Bellamy et al.
14 Storybuilder - A tool for tr}tle analysis of accident (2007). MORT Construction RESS 30 2410
reports The Netherlands
Hale et al. (2007). Several
15 Modeling accidents for prioritizing prevention The Netherlands and STAMP RESS 28 2.410
Groece Workplaces
Types and sources of fatal and severe non-fatal Lind (2008). Swiss Cheese .
16 accidents in industrial maintenance Finland Model Manufacturing VIE 17 1.070
. . . . ~ Agriculture,
17 Causes of occupatlon_al accidents in the fishing Antao et al. (2008). WAIT forestry and sS 15 1.831
sector in Portugal Portugal :
fishing
Bellamy et al.
18 The software tool storybuilder and the analysis of (2008). FTA Several ss 15 1.831
the horrible stories of occupational accidents The Netherlands and Workplaces ’
Greece
. Electricity, gas
. . N Harms-Ringdahl 2o
19 Analysis of safety fupctlons and barriers in (2009) SFs steam gnd' air sS 16 1.831
accidents conditioning
Sweden
supply
Workplace and organizational factors in accident | Jacinto et al. (2009). .
20 analysis within the food industry Portugal WAIT Manufacturing S8 13 1831
1 In-depth af:mdent ana1y51§ of f:lectrlcal fatalities Chi et ql. (2009) MES Construction UIE 27 1.070
in the construction industry Taiwan
Risk assessment tools incorporating human error Moriyama and
22 probabilities in the Japanese small-sized Ohtani (2009) FTA Manufacturing SS 6 1.831
establishment. Japan
. . . . Cozzani et al.
23 Industrial acmder}ts triggered l?y flood events: (2010) FTA Several JHM 39 4529
Analysis of past accidents Ttaly Workplaces
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Analysis of work related accidents in the Spanish Sanmiquel et al. Mining and
24 . (2010). FTA . JSR 11 1.870
mining sector from 1982-2006 Spain Quarrying
L . . Katsakiori et al. HFEM
25 Workplace aqd organizational gcmfient causation (2010) MILI Manufacturing S 4 0.862
factors in the manufacturing industry
Greece
N N~ S Rajala and
26 Constmctlng core stories .for cor}trlbut}ng Viéyrynen (2010) MES Manufacturing SS 5 1.831
practical safety actions in industrial units Finland
Accident in a French dynamite factory: An Le Coze (2010) MORT and .
27 example of an organizational investigation. France STAMP Manufacturing S8 6 1831
Accident investigation reporting deficiencies Schroder-Hinrichs et Transportation
28 related to organizational factors in machinery al. (2011) HFACS P o AAP 8 2.070
. and Storage
space fires and explosions Sweden
SHIPP methodology: Predictive accident Rathanayaka et al. Electricity, £as.
) FTA, Event steam and air
29 modeling approach. (2011) tree Analysis conditionin PSEP 19 2.551
Part II. Validation with case study Canada YSIS: &
supply
A systems approach to accident causation in . -
30 mining: An application Len“j‘:ets ;211(3012) HFACS %‘“a‘“g iarfd AAP 13 | 2.070
of the HFACS method ! uarryimg
Accident investigation in the Norwegian -
31 petroleum industry—~Common features and future Okstad et al. (2012) MTO Mining a nd SS 9 1.831
Norway Quarrying
challenges
. . . Hale et al. (2012).
32|  Developing the understanding of underlying |y Neiherlands and | HFACS Construction ss 8 | 1.831
causes of construction fatal accidents UK
. . Mohammadfam and FTA,
33 | FTAvs. Tripod-Beta, which seems better for the |\ o0 maram (2013) | TRIPOD- | Manufacturing | JLPPI | 2 | 1.406
analysis of mayor accidents in process industries?
Iran BETA.
STAMP,
Systemic accident analysis: Examining the ga Underwood, and FRAM,
34 y SIS ing the gap Waterson (2013b) AcciMap, Manufacturing | AAP 11 | 2.070
between research and practice .
UK Swiss Cheese
Model, FTA.
. . . Carrillo-Castrillo et
35 Causation of severe an(_i fatal accidents in the al. (2013). FTA Manufacturing JOSE 4 0312
manufacturing sector. .
Spain
Texas city refinery accident: Case study in .
36 | breakdown of defense-in-depth and violation of | SMP e{J‘;lA(ZOM)' STAMP %ﬁ‘a‘“g iarfd EFA 5 1.028
the safety—diagnosability principle in design rymg
37 Graphical fault tree anglys;s for fatal falls in the Chi et gl (2014) FTA Construction AAP 0 2070
construction industry Taiwan
. . . Okoh and Haugen
38 A study of mamt;nance—related major accident (2014) FMEA Manufacturing PSEP 3 2551
cases in the 21st century
Norway
Electricity, gas,
Electrical deaths in the US construction: An Zhao et al. (2014). steam and air
39 analysis of fatality investigations USA OSHA conditioning iesp 2 0.707
supply
FTA, CTM,
Comparison of different methods for work Nunes et al. (2015) Swiss Cheese Human Health
40 | accidents investigation in hospitals: A Portuguese Portu 'al Model, FM, and Social WORK 0 0.320
case study gal WAIT, work activities
RIAAT
. . Lo . Salguero-Caparros
41 Analysis of investigation reports on occupational ctal. (2015) RIAAT Several SS | 1831
accidents. . Workplaces
Spain
0 A STAMP-based causal ana'lysm of the korean Kim et al. (2016) STAMP Transportation SS 0 1831
sewol ferry accident. Norway and Storage
Thus, considering the relative frequency Collection Forms), HSE (Health and Safety

percentage of use of each methodology in the
publications selected, we highlighted eleven of them.
First is the FTA method, found in 26.19% of the
publications selected. Second is the WAIT method,
present in 16.66% of the publications. Third is the
STAMP method, found in 11.90% of the publications.
Fourth is the MORT method, found in 9.52% of the
publications. Fifth are the HFACS, MES and SCM
(Swiss Cheese Model) methods, which are present in
7.14% of the publications. Sixth are the OSHA
(Occupational Safety and Health Administration Data
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Executive), ETA (Event Tree Analysis) and RIAAT
methods, which are present in 4.76% of the
publications selected. The rest were identified only in
one of the articles selected (2.38%).

Because is a selection of articles analyzing
accident investigations in the field of Occupational
Health and Safety (OHS), it is considered essential
(Carrillo-Castrillo et al., 2015) to quantify them in
terms of activity sector of the sample used. As for the
economic activity conducted in the publications
selected, according to the FEuropean Statistical
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Classification of Economical Activities (NACE Rev.
2 hereinafter), we found that the activities reporting
the highest number of analyzed accident
investigations in the selected publications were:

Manufacturing: 11 publications, 26.19%
Construction: 9 publications, 21.42%
Mining and Quarrying: 7 publications, 16.66%
Several Workplaces: 5 publications, 11.90%
Electricity, gas, steam and air conditioning supply:
4 publications, 9.52%
e Manufacturing and Construction simultaneously:
2 publications, 4.76%
e Transportation and Storage: 2 publications, 4.76%
e Agriculture, forestry and fishing: 1 publication,
2.38%
e Human Health and Social work activities: 1
publication, 2.38%.
With relation to the journals where the 42
papers were published, Table 2 shows a classification

of these according to their impact factor (JCR 2014).
The last column shows the numbers of the articles
according to the numerical order assigned in Table 1.
Safety Science (SS) had the highest number of articles
selected as most relevant, followed by Accident
Analysis and Prevention (AAP), Safety Science
Monitor (SSM) and International Journal of Industrial
Ergonomics (IJIE). More than 50% of the selected
papers were published in these four journals,
demonstrating the significance of them in the area of
investigation on occupational accidents.

As for the results obtained from the analysis of
the number of citations of the publications selected
according to data extracted from WOS (Web of
Science). First is the publication by Haslam et al.
(2005), which has been cited 117 times. In this study,
conducted by scientists from Loughborough
University and UMIST, they analysed a sample of 100
accident investigations occurring in the construction
industry in Great Britain using the HSE method.

Table 2. Scientific research journals where the papers selected as most relevant were published

Ranking by Ranking by number Number assigned to
Impact factor s, .
Acronym Journal Impact Factor JCR 2014 of publications the paper selected in
JCR 2014 selected in Table 1 Table 1
Journal of Hazardous
JHM Materials 1 4.529 5 [8, 23]
Scandinavian Journal of
SJWEH Work, Environment & 2 3.454 11 [1]
Health
Process Safety and
PSEP Environmental Protection 3 2.351 10 [29, 38]
Reliability Engineering and
RESS System Safety 4 2.410 6 [14,15]
AAP ACC‘df,nt Analysis and 5 2.070 2 [28, 30, 34, 37]
revention
AE Applied Ergonomics 6 2.023 8 [11,12]
JSR Journal of Safety Research 7 1.870 12 [24]
. [2,17, 18,19, 20, 22,
SS Safety Science 8 1.831 1 26.27.31,32. 41, 42]
JLPPI Journal of loss prevention in 9 1.406 7 [13.33]
the process industries
UIE International Journal of 10 1.070 3 [4,16,21]
Industrial Ergonomics
EFA Engineering Failure 11 1.028 13 [36]
Analysis
Human Factors and
HFEMSI Ergonomics Manufacturing 12 0.862 14 [25]
and Services Industries
Journal of Construction
JCEM Engineering and 13 0.842 9 [3,5]
Management
International Journal of
LJICSP Injury Control and Safety 14 0.707 15 [39]
Promotion
WORK WORK 15 0.320 17 [40]
International Journal of
JOSE Occupational Safety and 16 0.310 16 [35]
Ergonomics
SSM Safety Science Monitor 17 No record 4 [7,9,10]
PPHS Policy and Practice in Health 18 No record 18 [6]
and Safety

Note: journals were sorted according to their Impact Factor followed by the total articles selected for this study.
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Next is publication by Abdelhamid and Everet
(2000), which has been cited 75 times. This study
presented the ARCTM (Accident Root Causes
Tracing Model) method, developed by members of the
ASCE research group from the University of
Michigan in the USA. In this study they analysed 3
severe occupational accidents in the construction
industry, selected from the Michigan Department of
Transportation (MDOT). The objective of the
ARCTM method was to complement occupational
accident investigation techniques in the construction
industry with contemporary techniques in 2000 related
to the causes of accidents and human error.

Third is the publication by Chi et al. (2005),
cited 71 times. This study analyzed a sample of 621
fatal accidents at work in the construction industry
between 1994 and 1997. The accident investigation
reports analyzed were taken from the Council of
Labour Affairs of Taiwan. The analysis of this sample
used a MES methodology in order to determine
potential causes and propose preventive measures.

Then, there is a publication by Hinze et al.
(1998), cited a total of 67 times. This study examined
1,082 accidents which were investigated between
1994 and 1995 in the construction industry in the USA
using the OSHA methodology. This study provides
recommendations to improve the methodology used.

In fifth place is the publication by Feyer and
Williamson (1991) cited 35 times. This study analyzed
a sample of 1,020 investigated accidents
corresponding to different work sectors between 1982
and 1984. The reports handled were extracted from the
National Institute of Occupational Health and Safety
in Australia. This study used the MORT method to
analyze the accidents investigated.

Also noteworthy are the publications by
Bellamy et al. (2007) cited 30 times and Hale et al.
(2007) cited 28 times. These studies were conducted
within the WORM (Workgroup Occupational Risk
Model) project financed by the Ministry of Social
Affairs and Employment of the Netherlands. This
workgroup created a tool called "Storybuilder" to
analyse the causes of accidents documented by the
Dutch Labour Inspectorate.

Also notable are the publications by Jacinto
and Aspinwall (2004b); Kontogiannis et al. (2000); Le
Coze (2010); Nunes et al. (2015). Each one of these
studies analyzed the same sample of occupational
accidents in each case, but using two or more different
scientific methodologies. Finally, we would like to
refer to two atypical publications. The first one is by
Katsakiori et al. (2010), which analyzed a sample of
40 accidents occurring between 2000 and 2008 in the
manufacturing industry. The sample used was
obtained from the database of reports at the East Attica
Risk Prevention Centre in Greece. The interesting
contribution of this study is that it uses a method called
MILI (Method of Investigation for Labor Inspectors),
developed to investigate accidents by the Labour
Inspectorate, which not only identifies the causal
factors, but also detects legal breaches leading to the
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accidents. The second notable atypical publication is
the one by Nunes et al. (2015). This study analyzed a
very broad sample of 4,593 accidents occurring in
2007 in a little-studied work environment, that of
hospitals. In addition, the sample selected was
analyzed using up to 6 different methods: FTA, Causal
Tree Method, Swiss Cheese Model, Failure Matrix,
WAIT and RIAAT.

3.2. Classification of studies selected

The first objective of this paper also included
identifying  studies  published by  public
administrations or institutions that had also analysed
occupational accident investigations using a scientific
methodology. Therefore, Table 3 shows the list of 20
studies on occupational accident investigations
published by international public administrations and
institutions.

Table 3 shows a sample of studies selected in 3
continents (Europe, America and Oceania). Here we
identified 16 different methodologies to investigate
occupational accidents in the 20 studies selected.
Thus, considering the relative percentage of use of
each methodology in the studies selected, we
highlighted four of them. First, is the HSE method,
which is present in 30% of the studies. Second is FTA
method, which is present in 20% of the studies. Third,
is MORT found in 15% of the studies, fourth is
Change Analysis, found in 10% of the studies. The rest
were identified in only one of the studies (5%).

As for the economic activity sector in which
the studies took place, according to the NACE Reyv. 2
classification, as well as has been performed for
selected publications in Table 1, we found that the
activities reporting the highest number of accident
investigations in the studies selected were:

e  Several Workplaces: 13 studies, 65 %.
° Construction: 3 studies, 15%.
e  Agriculture, Forestry and Fishing: 1 study,

e  Manufacturing: 1 study, 5%.

e  Electricity, gas, steam and air conditioning
supply: 1 study, 5%.

e  Mining and Quarrying: 1 study, 5%.

Regarding the publications by international

public administrations or institutions selected in Table
3, we established two subgroups: electronic databases
including actual occupational accident reports which
were analyzed by Safety Specialists and manuals or
reference books covering the results of the
occupational  accidents  analyzed and the
methodologies used. The following are worth
mentioning. Among the databases, there is the Fatality
Assessment and Control Evaluation (FACE) Program,
created in 1982 by The National Institute for
Occupational Safety and Health (NIOSH). This is a
database with more than 600 occupational accident
investigations in any industry. The objective of FACE
is to prevent the repetition of occupational accidents
by establishing adequate preventive measures.
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Table 3. List of studies of occupational accident investigations published by public administrations or institutions,

with methodology used
Methodologies used Economic
No. Title Authorship and Origin 8 activities (NACE Source
Rev. 2)
The Fatality The National Institute
Assessment and for Occupational Safety The National Institute for
1 Control and Health (NIOSH), Change Analysis Several workplaces Occupational Safety and
Evaluation 1989, Health (NIOSH).
(FACE). USA
Analysis of Department of labor,
2 construction OSHA (1990) OSHA Construction Occup_at?onaleafety anc_i Health
I USA Administration, Washington,
fatalities
D.C.
acci]:i:elrllcti: r(rilf)srtels L’Institut de recherche en santé
Chitoine and Lan (1993) . et en sécurité du travail du
3 et graves dans le OARU Construction .
- Canada Québec
batiment et les
. (IRSST)
travaux publics
Encyclopaedia of International Labour International Labour
4 Occupational Organization (1998) STEP Several workplaces Oreanization
Health and Safety Switzerland &
Noordwijk Risk
. Initiative Foundation MORT, ECFA, 3CA, Noordwijk Risk Initiative
5 NRI Foundation (1998) ETBA Several workplaces Foundation
The Netherlands
The health and Aericulture
safety of Fragar and Franklin Fogf ost ané The Health & Safety of
6 Australia’s (2000) ATSB STy Australia's Farming
. . Fishing .
farming Australia Community
community
Management and Electricity, gas, . .
human Myers (2002) steam and air First Energy Nucle.ar Operating
7 MORT o Corporation
performance root USA conditioning
(FENOC)
causes supply
Analysis of The National Institute of .
g occupational Occupational Health and FTA o L workol 8bsz@gtorlodEsfrataé Qe
accident mortality Safety (2002) everal workplaces ondiciones de Trabajo
in Spain Spain (OECT)
9 construction 3003) ’ HSE Construction Health and Safety Executive
accidents
UK
WorkSafeBC (2003) Occupational Health and Safety
10 WorkSafe Canada HFACS Several workplaces Regulation of British Columbia
Investigating Health and Safety
11 accidents and Execuﬁgg(gilsi)) 2004, HSE Several workplaces Health and Safety Executive
incidents ’
UK
1;22;?; aﬁs US Department of Occupational Safety and Health
12 . i I: Labor, 2005. FTA Several workplaces | Administration, US Department
mvestigation USA of Labor
summaries
Identifying hman Health and Safety
13 factors associated . .
. . . Executive (HSE) 2005 HSE Several workplaces Health and Safety Executive
with slip and trip
: UK
accidents
The Dutch National
Storybuilder Institute for Public
14 V2034 Health (RIVM).(2008) MORT Several workplaces | The Dutch Labour Inspectorate
The Netherlands
Reducing error Health and Safety
15 and influencing Executive (HSE) 2009 HSE Several workplaces Health and Safety Executive
behaviour UK
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Studies of the
causes of severe )
and fatal Junta de Andalucia Regional Government of
16 . (2009) Several workplaces . .
occupational Spai Andalusia, Spain
. . pain
accidentes in
Andalusia
Safety of offshore
oil and gas Christou and Mining and JRC Scientific and Policy
17 | operation: Lessons | Konstantinidou (2012) Quarrying Reports, European
from past accident Italy Commission, Brussels, Belgium
analysis
DOE
HANDBOOK U.S. Department of
18 Accident and Energy (2012) ECFCA, BA, CA, Several workplaces U.S. Department of Energy
Operational Safety USA
Analysis
Official accident
investigations Junta de Andalucia .
: P Regional Government of
19 repository ‘This (2012) Several workplaces . .
; Andalusia, Spain
could have been Spain
prevented’
Work-related
fatalities
associated with Creative commons
20 unsafe design of (2014) Manufacturing Safe Work Australia
machinery, plant Australia
and powered tools,
2006 — 2011

Next is WorkSafeBC, a database belonging to
the Occupational Health and Safety Regulation of
British Columbia in Canada. This database covers a
large number of accidents at work occurring in
agriculture or manufacturing whose investigations
were based on the HFACS method.

In Europe, probably one of the best public
programmes for published accident investigations is
the one carried out by the Dutch Labour Inspectorate.
They have a software tool called Storybuilder which
is a large database with over 9,100 accidents
investigated by the Labour Inspectorate. The database
is made up of over 36 different accident models
corresponding to falls from height, confined spaces,
explosions etc. Likewise, in Spain, since 2012, there
is a database called “This could have been prevented”,
which was developed by the Department of Finance,
Innovation, Science and Employment of the Regional
Government of Andalusia. This database includes a
significant number of accidents investigated in all
work sectors, using the Fault Tree Analysis (FTA)
method.

With relation to the manuals or books
published by public administrations or institutions, we
can highlight the following:

o First, there is the “Analysis of Construction
Fatalities”. This is a manual prepared by OSHA in
1990, which includes the results of an analysis of
3,496 occupational accidents investigated in the
construction industry in the USA between 1985 and
1989. OSHA (The Occupational Safety and Health
Administration), belongs to the Department of Labor
of the United States.

e Next, is the “The Health and Safety of
Australia’s Farming Community”, which is a study
carried out by Fragar and Franklin (2000), financed by
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the Farm Health and Safety Joint Research Venture
and New South Wales Health in Australia. It covers
the results of an analysis of occupational accidents
occurring in Agriculture between the years 1995 and
1996 using the ATSB method.

e Third, is the “Causal Factors in Construction
Accidents”, which is a study conducted by specialists
from the Departments of Human Sciences and Civil
and Building Engineering of Loughborough
University and Manchester Centre for Civil and
Construction Engineering of UMIST. This study
analysed the results of a sample of 100 accident
investigations occurring in the construction industry in
Great Britain between 1996 and 1999, using the HSE
method.

Most remarkable are the manuals and books
published by the Health and Safety Executive (HSE),
the non-departmental public body of the United
Kingdom, based in Liverpool, England. They include
“Investigating Accidents and Incidents”, a manual for
workers, trade unions, prevention representatives and
safety professionals. It was prepared in 2004 by the
Health and Safety Executive (HSE). This same
administration developed a study in 2005 entitled
“Identifying Human Factors Associated with Slip and
Trip Accidents”. This report details the results of an
investigation project aimed at analyzing the impact of
human factors on the probability and severity of
accidental slips and trips in order to develop strategies
and practices to control and reduce their incidence.

Moreover, worth mentioning the set of
methods and guides available in the NRI Foundation
for investigators and investigating organizations
regarding the investigation of industrial accidents. The
Noordwijk Risk Initiative (NRI) Foundation was
founded in 1998 by Delft Technical University of the
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Netherlands to improve understanding of risk issues
through discussion, research and technology transfer
between different domains of risk management.

Similarly, in Spain there are two case studies
published with the results of occupational accidents
that have been analysed. On the one hand, since 2002
there is a study called "Analysis of Occupational
Accident Mortality in Spain". This is a project carried
out by the INSHT (Spanish acronym for the National
Institute of Occupational Health and Safety). The
INSHT is the specialised technical scientific body of
the Spanish Government in charge of analysing and
studying health and safety conditions at work. This
project aims to achieve an accurate understanding of
occupational accident profiles and causes.

On the other hand, since 2009 there is a study
entitled "Studies of the Causes of Severe and Fatal
Occupational Accidents in Andalusia", prepared by
the Department of Finance, Innovation, Science and
Employment of the Regional Government of
Andalusia. These reports present the causes of fatal
and severe accidents which have taken place, based on
the investigations conducted by safety specialists to
the Labour Authorities of Andalusia.

3.3.  Methodologies to investigate occupational
accidents

Following the analysis of the 42 publications
and the 20 studies analyzing occupational accident
investigations, we ended up with 35 methodologies to
investigate occupational accidents. Table 4 provides a
classification in alphabetical order of the
methodologies identified, with a brief description of
them and a reference to the authors who first presented
them. Stand in the description column the common
features of the methodologies identified in regard to

the process of investigation of occupational accidents
(Dien et al., 2012; Lindberg et al., 2010), as well as
their academic origin and method from which in turn
comes.

In relation to the occupational accident
investigation methodologies selected, only 6 of the 35
identified are both in Table 1, which includes the
publications that have analysed occupational accident
investigations, and in Table 3, covering studies
published by public administrations and institutions
on occupational accident investigations. These
methodologies are: FTA, HFACS, HSE, MORT,
OSHA and STEP. The evaluation, comparison or
integration of the methodologies described is beyond
the scope of this document, therefore not shown.

4. Discussion

One of the purposes of this study was to review
the existing scientific literature on occupational
accident investigations. As for the limitations of this
bibliographic review, finding scientific literature that
presents scientific studies analyzing samples of real
cases of occupational health and safety accidents that
have been investigated, was often complicated. The
reason being that most occupational accident
investigations reports are carried out by professionals
and not by researchers and, therefore, the results have
not been published in scientific journals. The situation
is similar with studies of occupational accident
investigations published by public administrations or
institutions. These are manuals, books and electronic
databases found only in the websites of these
administrations or institutions. Some of them can be
freely accessed and others are posted in their native
language, as is the case of the Nordic countries
(Norway, Sweden, Finland etc.).

Table 4. Accident investigation methodologies used

Acronym Investigation Short description Source and
methodology year
Accimap is a methodology aiming to address pro-active risk management with
AcciMa Accident Ma a system control approach. The accident is analyzed with reference to different Rasmussen J.,
P P hierarchical levels of society. Identification and analysis of socio-technical (1997)
context, decision and information flows between different actors.
ARCTM proposes that accidents occur due to three root causes: (1) failing to
Accident Root identify an unsafe condition that existed before an activity was started or that Abdelhamid,
ARCTM Causes Tracing developed after an activity was started; (2) deciding to proceed with a work and Everett
Model activity after the worker identifies an existing unsafe condition; and (3) ,(2000)
deciding to act unsafe regardless of initial conditions of the work environment.
The ATSB model provides a general framework that can be used to guide data
collection and analysis activities during an investigation.
The ATSB investigation analysis model, it is based on the widely used Reason .
e . . Australian
. model of organizational accidents and consists of five levels of safety factors
Australian Transport S . . . Transport
ATSB (occurrence events, individual actions, local conditions, risk controls and
Safety Bureau . . Safety Bureau,
organizational influences). (2008)
ATSB include an enhanced ability to combine technical issues into the overall
analysis, the use of neutral language and emphasizing the impact of
preventative, as well as reactive, risk controls.
Barrier analysis is used to identify hazards associated with an accident and the
BA Barrier Analysis barriers that should have been in place to prevent it. A barrier is any means DOE, (1999)
used to control, prevent, or impede the hazard from reaching the target.
. This technique is used to examine an accident by analysing the difference
cA Change Analysis between what has occurred before or was expected and the actual sequence of Ferry, (1988)

675




Salguero-Caparros et al./Environmental Engineering and Management Journal 18 (2019), 3, 665-683

events. The investigator performing the change analysis identifies specific
differences between the accident—free situation and the accident scenario.
These differences are evaluated to determine whether the differences caused
or contributed to the accident.

CTM belongs to the category of Tree Techniques and the basic idea is that
accidents result from variations or deviations in the usual process. There are
four classes of variations: those related to the individual, the task, the
equipment and the environment, respectively. The tree starts with the end

™ Causal tree method event (the accident) and works backwards. The end event is the starting point Leplat, (1978)
and only the facts that contributed to the accident should be selected. The
analyst has to identify and list the variations and then display them in the
analytic tree, showing causal relations.
Events and Events and Conditional Factors Analysis (ECFA) is a method for creating Kingston et al
ECFA Conditional Factors | concise descriptions of incidents. Investigators use ECFA to help them (2004) "
Analysis organize facts about what happened and to spot gaps in their data.
The events and causal factors chart may be used to determine the causal factors
Events and Causal of an accident. This process is an important first step in later determining the
ECFCA Factors Charting root causes of an accident. Events and causal factors analysis requires DOE, (1999)
and Analysis deductive reasoning to determine which events and/or conditions that
contributed to the accident.
An event tree is used to analyze event sequences following after an initiating
event. An Event tree analysis is primarily a proactive risk analysis method used Villemeur
ETA Event tree Analysis | to identify possible event sequences, but the event tree may also be used to (1991) ’
identify and illustrate event sequences and to obtain a qualitative and
quantitative representation and assessment.
ETBA is integral to applying MORT, but can also be used as a standalone
ETBA Energy Trace and method. ETBA has been characterized as a way of identifying the “norms, Frei et al.,
Barrier Analysis novelties and deviations - NNDs” that are of relevance to a particular incident (2003)
or accident.
Failure matrix method (FM) can be applied to any system, or can be adapted
to workplace accidents or other cases. The technique identifies the situation,

M Failure matrix expla_ins the causes, conseqqential effects, the estimat?d freque_ncy and | Haddon etal.,
severity. On the other hand, this procedure allows the ranking of accidents by (1968)
level of risk and it might be a way to align priorities of preventive or corrective
actions.

FMEA refers to a hazard analysis procedure in which component failures are
Failure Mode and systematically a.nalyz.ed. The approach takes the. form of listing .in a table each Hammer,
FMEA Effects Analysis component and its failure or error modes. Also listed for each failure mode are (1980)
its frequency, effects on other components, effects on the system as a whole,
method of detection, and countermeasures.
Functional A method for accident investigation as well as risk assessment based on a Hollnagel
FRAM Resonance Accident | description of system functions. Non-linear propagation of events are (2004) ’
Model described by means of functional resonance.
In FTA, an undesired event (an accident) is selected and all the possible things
that can contribute to the event are diagrammed as a tree in order to show
. logical connections and causes leading to a specified accident.
FTA Fault Tree Analysis Sag}ety problems are analyzed based c%n logiclzjal combinations of necessary or Ferry, (1988)
alternative/possible causes.
FTA is the most widely used of the tree techniques.
HFACS identifies the human causes of an accident and provides a tool to not
The Human Factors S . L - . .
Analysis and only assist in the investigation process, but to target training and prevention Wiegmann and
HFACS f . efforts. HFACS looks at four levels of human failure, referring to the "Swiss Shappell,
Classification . . .-
System cheese model', These levels 1qc1uQe un;afe acts , preconditions for unsafe acts, (2001)
unsafe supervision, and organizational influences.
The HSE was prepared in consultation with industry, unions and health and
safety professional bodies in order to provide a workbook for employers,
unions, safety representatives and safety professionals.
HSE Heagh anti_Safety It follows Reason’s accident causation model. The starting point is the event HSE, (2004)
xecutive and the method provides aids for finding facts with specific structured
questions. The aim of the analysis is to set out the reasons why this happened
and find immediate, underlying and root causes.
MES is a charting technique, which shows events chronologically ordered on
Multilinear events a time-line basis. It is based on the view that an accident begins when a stable
MES . LT . . Benner, (1975)
sequencing situation is disturbed. A series of events can then lead to an accident. The
method distinguishes between actors, actions and events.
(MILI) was designed to help to identify workplace and organizational factors
Method of in addition to immediate factors and legal breaches. This Method was Katsakiori ot
MILI Investigation for developed with the purpose of helping labor inspectors to investigate and

Labor Inspectors

analyze an accident in a specific setting (industrial environment) and in a
structured way.

al., (2010)
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MORT

Management
Oversight and Risk
Tree

The MORT diagram is a logic tree (the accident being the top event). In
MORT, the accident is defined as an unwanted energy transfer because of
inadequate energy barriers and/or controls. The method follows the energy
transfer and deviation concepts. Fact finding aims at identifying hazardous
forms of energy and deviations from the planned and normal production
process.

Johnson, (1980)

MTO

Man Technology
and Organisation

MTO method articulates the events, the causes, the barriers but also presents
deviations to normal situation in its diagram. Some checklists are provided to
identify fundamental root causes in work organization, work practice,
management of work, change procedures, ergonomic deficiencies in the
technology, communication, instructions and procedures,
education/competence, and work environment.

Rollenhage,
(1995)

OARU

Occupational
accident research
unit

This method has two levels of reasoning: describing the accident sequence,
and finding the determining factors. The state of lack of control is
characterized by the presence of deviations in the system. The accident
sequence has three phases: the initial (when there are deviations from the
normal process), the concluding phase (which is characterized by loss of
control and ungoverned flow of energy), and the injury phase (where energy
meets the human body and causes physical harm).

The original model has not survive the test of time (Kjellen and Hovden, 1993)
and the main reason for this abandon had to do with lack of input from (human)
information-processing theory (Larsson, 1993).

Kjellen and
Larsson, (1981)

OSHA

Occupational Safety
and Health
Administration Data
Collection Forms

OSHA relies primarily on employer reporting or coverage by the news media
to initiate a fatality investigation.
OSHA is used to classify work-related injuries and illnesses and to note the
extent and severity of each case.

OSHA, (1990)

Petri nets

Petri nets

Petri Nets is a formal and graphical language which is appropriate for
modelling systems with concurrency.

The ability to construct models with these properties makes Petri Nets an
attractive tool for modeling operator behavior.

Petri, (1962)

PFA

Possible Factors
Analysis

This method is applied for identifying both immediate causes and other causal
factors (called Possible Factors). The tree technique is performed manually,
and all people likely to be involved in an investigation have training on its use.
From the findings, the investigation team makes recommendations for each
possible factor identified. There is not a checklist for the search: investigators
will use their own experience and skills.

HSE, (1998)

RCA

Root Cause
Analysis

Root cause analysis identifies underlying deficiencies in a safety management
system that, if corrected, would prevent the same and similar accidents from
occurring. Root cause analysis is a systematic process that uses the

facts and results from the core analytic techniques to determine the most
important reasons for the accident.

DOE, (1999)

RIAAT

The recording,
investigation and
analysis of
Accidents at work

RIAAT (The Recording, Investigation and Analysis of Accidents at Work
process) was chosen a holistic approach to analyze the accident investigation
process as a whole.

The process covers the full cycle of accident information by recording the
event and its main circumstances; carrying out an investigation and causal
analysis in a multi-layered fashion; producing a plan of action; and setting out
activities required for sharing information and promoting organizational
learning.

Jacinto et al.,
(2011)

SCM

Swiss Cheese
Model

The Swiss Cheese model of accident causation is a model used in the risk
analysis and risk management of human systems. It likens human systems to
multiple slices of Swiss cheese, stacked together, side by side. It was originally
propounded by British psychologist

James T. Reason in 1990, and has since gained widespread acceptance and use
in healthcare, in the aviation safety industry, and in emergency service
organizations. It is sometimes called the cumulative act effect.

Reason, (1990,
1997)

SFs

Safety functions

Analysis of various forms of technical, organizational and administrative
systems (safety functions), aimed to control and reduce risks.

Harms-
Ringdahl,
(2009)

STAMP

Systems-Theoric
Accident Model and
Processes

The hypothesis underlying STAMP is that system theory is a useful way to
analyze accidents, particularly system accidents. Accidents occur when
external disturbances, component failures, or dysfunctional interactions
among system components are not adequately handled by the control system.
Safety is viewed as a control problem, and is managed via constraints by a
control structure embedded in an adaptive socio-technical system.
Understanding why an accident occurred requires determining why the control
structure was ineffective.

Leveson, (2004)

STEP

Sequentially Timed
Events Plotting

Analysis of the accident sequence by the identification of actors and sub-
events in time order, plus their interactions as well as safety problems.

The STEP methodology also includes a recommended method for
identification of safety problems and development of safety recommendations.
Safety problems are marked with diamonds in the STEP worksheet.

Hendrick and
Benner, (1987)
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TRIPOD

TRIPOD

TRIPOD method is based on James Reason Swiss Cheese model and
implemented the idea of latent failures rooted in organization that sets
conditions (such as weakened barriers) for later active failures (such as unsafe
acts). The latent failures are related to 11 Basic Risk Factors

Groeneweg,
(1994)

TRIPOD-
BETA

TRIPOD-BETA

Tripod Beta describes incidents in terms of 'objects' e.g. people, equipment
being changed by 'agents' (of change i.e. anything with the potential to change
an object). Tripod Beta also models 'barriers' showing them as, for example,
effective, failed or inadequate barriers. Tripod Beta provides a format and rules
for modeling the event and linking each element together and working back
ultimately to the underlying causes.

Groeneweg,
(1998)

VA

Verification analysis

Verification analysis should be conducted on the draft report after all the
analytical techniques are completed. This analysis ensures that all portions of
the report are accurate and consistent, and verifies that the conclusions are
consistent with the facts, analyses, and Judgments of Need. The verification
analysis determines whether the flow from facts to analysis to causal factors is
logical.

DOE, (2012)

WAIT

Work accidents
investigation
technique

This method is based on the theoretical model of “organizational accidents”
proposed by Reason (1997) and on that of “human error” by Hollnagel (1998).
A particularly important aspect of this method is that it incorporates the
variables proposed by Eurostat (2001). The WAIT method is comprised of
nine steps grouped into two main stages. The first stage is a simplified
investigation process. The second stage is an in-depth analysis, or complete
investigation, identifying and analyzing other possible weaknesses and
conditions within the organization.

Jacinto and
Aspinwall,
(2002)

3CA

Control Change
Cause Analysis
(3CA)

Control Change Cause Analysis (3CA) is a method for analyzing the
individual, cultural and management system causes of incidents.

Investigators can use 3CA to analyse the root causes of any type incidents of
any type. The first step is to identify events that compromise control or
increase risks significantly. Each of these significant events can form the

Kingston,
(2002)

subject of a 3CA analysis.

Although the databases we studied have a
significant volume of scientific articles, there is
probably scientific information on this matter
published in reports or documents (grey literature) or
other sources of information not examined here. The
next objective for this study was to identify the
methodologies used both in scientific literature and in
the published studies selected. This objective limited
the general purpose of the study even more, given that
the occupational accident samples analyzed had to
literally, or in a recognizable manner, identify the
scientific methodologies used. Also, the methodology
identified needed to have been published previously.
That is, we did not cover methodologies that are not
documented in scientific publications.

Another aspect to keep in mind and that can be
the result of misunderstanding in this analysis is that
the terms "Model" and "methodology" are often
confused. Both are different, but there are cases in
which concepts model and methodology coexists, as
are examples of MORT (Johnson, 1980), Swiss
Cheese Model (Reason, 1990, 1997) or FRAM
(Hollnagel, 2004), which are theoretical conceptual
models as well as methodologies for accidents
investigation. The objective of this paper was to
review the main studies published on occupational
accidents to recognize, classify and describe the
scientific methodologies used in them.

Therefore, in the scope of this study it has not
been the analysis of the influence of conceptual
models on methodologies. Despite this we make
special mention of the Organizational accidents or
"Swiss cheese" Model of Reason (1990, 1997), which
is a model that includes organizational and
management factors and describe the performance of
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the whole system as well as the interaction between
latent and active failures. Reason had a major impact
on OHS thinking and accident causation.

So in terms of influence this model is always
very prominent. Therefore, not surprising that in the
final selection of methodologies there are 5
methodologies (ATSB, HFACS, HSE, Tripod and
WAIT) based on this conceptual model, in addition to
Swiss Cheese Model (SCM) considered also
methodology. But as well it indicates Katsakiori et al
(2009), a methodology of occupational accident
investigation is not necessarily linked to a specific
accident model.

On the other hand, in this study, we identified
six methodologies (CTM, ETA, FTA, MES, MORT
and PFA) which employ a "Tree Technique" for its
development. As well it also asserts Katsakiori et al
(2009), tree techniques are not based in any known
theoretical model or accident causation. They simply
represent a specific model that can lead the basis for
logic interrelationships between causes and events.

Save the abovementioned limitations, the 35
methodologies finally selected in this study are the
ones considered ideal for use in occupational accident
investigations. However, it would be useful to know
whether some of these methodologies are versatile,
that is, whether they can be used in different contexts
of occupational health and safety, such as in risk
analysis or risk assessment.

Of'the 35 methodologies identified in this study
for accident investigations, we found some
coincidences with other studies. For example, when
analyzing research such as that conducted by Willquist
and Torner (2003), who reviewed literature related to
the right methods to analyze hazards in the
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manufacturing industry, we found 7 coinciding
methodologies. These are Change Analysis, MORT,
OSHA, Tripod, Event Tree Analysis, FMEA and FTA.

Likewise, when looking at the study by
Marhavillas et al. (2011), who analyzed and classified
the main methodologies and techniques found in the
scientific literature that are suitable for risk analysis
and assessment in the work sites, we found that 11 of
these methods match those identified in this study.
These methodologies are FTA, MORT, MES, OARU,
Tripod, WAIT, Petri nets, HFACS, Event Tree
Analysis, FMEA and OSHA.

In short, of the 35 the methodologies selected
in this study only - MORT, OSHA, Tripod, FMEA and
FTA, match those selected in the studies by Willquist
and Torner (2003) and Marhavillas et al. (2011),
which as stated in the introduction, let out of scope the
analysis of occupational accidents and methodologies
for investigating them. This could mean that these five
methodologies use not only a reactive approach that
deals with the faults and hazards already described,
but are also proactive, that is, they analyze safety by
identifying risks before allowing the accident to take
place. Moreover, when exploring the impact these
methodologies have on investigation practices,
according to the number of times that the selected
items are cited that identify them, we saw that there
are methodologies to investigate occupational
accidents that have a long-standing history in
scientific literature. This was observed in methods
such as MORT (Johnson, 1980), FTA (Ferry, 1988) or
OSHA (OSHA, 1990), which have been used many
times to analyse occupational accident samples, as
well as being selected in assessment and comparison
studies such as in the studies by Benner (1985);
Hollnagel and Speziali (2008); Katsakiori et al.
(2009); Sklet (2004) or Wagenaar and Van der
Schrider (1997). Nonetheless, it should also be noted
that some methodologies have been relatively short-
lived in the scientific literature in view of the limited
number of times they have been cited in studies that
analyzed occupational accidents, such as WAIT
(Jacinto and Aspinwall, 2002), MILI (Katsakiori et al.,
2010) or RTAAT (Jacinto et al., 2011). In some cases,
some of their publications have not been included in
the WOS database, or they are treated very young
methodologies and therefore still underdeveloped and
they haven’t been extensively used yet. Nevertheless,
as suggested by Hollnagel and Speziali (2008), in five
or ten years we can expect that the methods developed
to date will become partially obsolete, not because the
methods themselves will change, but because socio-
technical systems will evolve and therefore, the nature
of accidents will also.

Moreover, during our work we found that there
are very few examples of studies on the use and
comparison of various methodologies in the same
occupational accident analysed. Consequently, as
stated by Lindberg et al. (2010), it is of wvital
importance to promote this type of studies, not only to
be able to compare the various scientific
methodologies to investigate occupational accidents,

but also to confirm their suitability in different social
and work environments.

We also noted certain difficulties regarding the
methodology wused to investigate occupational
accidents. Namely, being able to determine which the
best methodology for each labour activity is. In fact, it
appears that some of the methodologies selected in
this study were developed for well-defined contexts,
for example, the OSHA method was designed to be
used in the construction industry. However, this study
highlights very flexible methods that can be adapted
to various work activities, such as the FTA
methodology which has been applied to the extractive
industry, manufacturing industry, electric power
supply industry, construction industry, and even in
studies related to healthcare activities and social
services. These results, by themselves, confirm the
thesis by Katsakiori et al. (2009) that a "good"
investigation method should take into account the
specific context of the accident. Thus, there are
adequate methods for aviation, railways, etc., and
others even more suitable for occupational accidents,
since the context is different.

This study can also serve as a guide for those
doing research on occupational accidents, to know
which methodologies are available, how they are used,
and even compare them. In practice, as stated by
Willquist and Torner (2003), choosing a method is not
the first decision made. This may be due to the fact
that companies usually have information that is
already available, such as reports on previous
accidents or even incidents, which have also been
analyzed. In this case, the type of information
available determines the method chosen, and not the
other way around, the method does not determine
which information should be used. In any case, to
choose a method, the scope of the accident and the
complexity of the system in which the investigation is
to be carried out, also need to be considered.

In line with this, as already concluded in the
study by Stromgren et al. (2013), it is not surprising
that methodologies have a strong impact on the
accident analysis phase. Methodologies, in general,
focus on clarifying the factors and causes of accidents.
The purpose of a methodology is often to promote
understanding and learning about the occupational
accident. Data collection and the initial investigation
actions are usually independent of the methodology
used, except when the investigating organization
follows a certain scientific methodology by default.
Only in these cases can the methodology used impact
the holistic process of the investigation.

In this sense and as advanced by authors such
as Roed-Larsen and Stoop (2012), the modern
investigation of accidents faces a series of challenges.
These include: improving the training and skills of the
experts conducting the investigations, both regarding
investigation techniques and methodologies for their
application; and creating structural and functional
conditions that allow independent investigations, with
freedom in relation to what is published and in the
monitoring of the proposed preventive measures.
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In short, some basic quality criteria that any
occupational accident investigation should meet
(Salguero-Caparros et al., 2015) is having a
methodology for analysis that gradually leads to a
thorough diagnosis of the situation that led to the
accident. Choosing and using the right methodology
will help structure the investigation process, identify
the causes, interpret the results and validate the
recommendations.

5. Conclusions

The objective of this study was to identify,
classify and describe the main methodologies to
investigate occupational accidents which have been
used in scientific literature or in international public
administrations or institutions.

There is a broad range of methodologies to
investigate accidents, as indicated in introduction
section to this paper, most of which were developed
for specific activities, such as the nuclear industry, the
aeronautics industry, maritime and rail transport,
hospitals, etc. However, there are not many
methodologies specifically for occupational accidents,
and some have not yet been fully developed or
implemented.

This paper reveals the methodologies most
frequently used in the field of occupational accident
investigations. Each one has advantages and
disadvantages, but most authors advocate that using
several methodologies is the best choice to investigate
a complex occupational accident. For this reason, the
expert investigating the accident is the one who should
select the methodology or group of methodologies
most suitable to each specific context.

Use of each methodology will depend on the
analysts’ expertise, as well as their experience in
implementing the technique in question. If the analysts
are not familiar with the methodology, the quality of
the results will be limited. Similarly, if the analysts
lack specific knowledge of the methodology, it is
recommended that they seek expert support. The role
of the analyst will be to ensure a systematic and
structured investigation is carried out with the support
of a validated and recognised methodology.

This paper concludes with three general
recommendations which we firmly believe would
improve implementation of accident investigation
techniques:

1. The  methodologies to  investigate
occupational accidents must be judged based on their
performance and results. Therefore, further studies are
required to verify the correct selection and use of
methodologies in real cases of occupational accidents.

2. Further basic and translational research in
several academic disciplines, especially engineering,
organisation science and psychology, should be
supported and encouraged to face up to the evaluation,
comparison and development of methodologies for the
analysis of accidents in occupational health and safety
and the possible integration between different
scientific methodologies.
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3. More interaction and collaboration between
academia and public and/or private labour sectors is
needed with a clear focus on mutual feedback about
promoting of continuing education in the practical use
of different methodologies for investigating
occupational accidents and the dissemination of its
findings, recommendations and lessons learned from
recent research occupational accidents investigations.
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