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Article History:  Abstract. The air transport evolution has been littered with major air disasters, the occurrence of which has 
not only had the negative effects inherent to any disaster. Air accident investigation has provided a wealth of 
knowledge that has advanced the aviation industry and its safety. International Civil Aviation Organization has 
exercised international regulatory leadership since 1947, developing tools with international cooperation, such 
as the air accident investigation methodology. ICAO has forged a change in perspective on safety attribu-
tions or factors in different historical eras, using this methodology to deepen the understanding of the causes 
and thereby achieve aviation safety improvement. Authors aimed to analyze, through a detailed study of the 
world’s worst aviation accidents, their contribution to understanding the details of aviation safety culture. Be-
yond the technical issues and fatality rates, the necessary analysis is what knowledge researchers have gained 
from the beginning, exploring the attributions of reports and knowing what diverse factors have predomi-
nated in different eras. Descriptive analyzes of air disaster investigation have two objectives: to identify the 
beginnings of a global safety culture resulting from evolution in operational safety and to relate the different 
eras to the attributions of air accident investigations.
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Introduction

Is safety culture present in commercial aviation world-
wide? If so, at what particular time does an efficient 
safety culture appears in the commercial air transport 
industry? What technical, human, and organizational 
factors are characteristic in each of the diverse eras in 
which aviation safety has historically developed? Before 
the development of commercial aviation, as it is know 
nowadays, the Wright brothers marked a historic mile-
stone in 1903 with the first powered flight in history 
(Bravo, 2016; Bridges, 1967; Burrel, 1992; Hawkes, 1992; 
Marimón, 1973); however, they were also protagonists 
of the first fatal plane crash, only a few years later, in 
19081 (Bridges, 1967; GTD Engineering System & Soft-
ware, 2010). This tragic first accident not only led to the 
evolution of its prototype but also served as a way to 
learn from its mistakes and caused, in short, an improve-
ment in incipient air safety. These preventive measures 
came about before it was possible to speak of aviation 

1 The aircraft piloted by Orville Wright broke down a propeller, 
resulting in the ensuing accident in which Lieutenant Thomas 
Selfridge, who was flying as a passenger, died.

security as such, before aviation was transformed into 
a globalized and profitable industry, and even before it 
became a mass air transport.2

The subsequent development of commercial aviation 
would not begin until the mid-twentieth century, although 
since then, the aeronautical industry has experienced ex-
ponential growth up to these days. Nevertheless, the evo-
lution of the industry, like the pioneering Wright brothers, 
has not been accident-free since its inception. The numer-
ous accidents have been caused by several factors, which 
present different importance depending on the historical 
era under study. Initially, most of the incidents were due 
to technical issues, giving way later to the human factor 
as the main precipitating one, and after the aeronautical 
industry implemented an endless number of technical im-
provements. When technological advances reached their 
maximum development, they generated the need to inte-
grate man into the machine. Finally, a closer look at the 
last decades of the last century shows how organizational 
and institutional factors started to appear when the com-
plexity of the industry began to need greater regulation.

2 For example, the use of helmets by the U.S. Air Force pilots was 
made mandatory due to this accident (VAIU, 2017).
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This study not only focuses on the search and defini-
tion of the beginning of a culture of aviation safety, as it 
is understood globally in other industries3 (Institute for 
an Industrial Safety Culture, 2017, 2021) but dives into 
the history of aviation safety (International Civil Aviation 
Organization [ICAO], 2006, 2009, 2013a, 2018) through 
the reports on the most relevant accidents that have 
taken place. Air disasters tell the story of typical learn-
ing in a young industry (less than 100 years making its 
operations profitable) not exempt from certain dangers. 
The factors revealed have been distributed differently 
in different eras. Authors such as James Reason, Frank 
E. Bird, Edwin Edwards, and many others focused their 
studies on human error. Additionally, they contributed 
to causing a period of change in mentality that delimits 
two fundamental eras in the analysis and management 
of air accidents caused by the human factor. Thus, at the 
beginning of the 90s, this intersection or change of at-
tribution concerning human error can be located; when it 
was first openly recognized that the operational context 
directly influences the performance of the human factor 
as a generator of incidents and accidents (ICAO, 2009).

A proper way to approach all these issues is to study 
the original investigation reports of past air accidents, as 
they represent a vast source of knowledge. To this fact 
is added that almost all of them are available, and their 
consultation is publicly accessible. The objective sought 
with this is to identify the specific beginning of the safety 
culture. Additionally, demonstrate the factors that have 
been predominant in every historical era of commer-
cial aviation. The methodology of accident investigation 
(ICAO, 2001, 2011, 2012, 2015, 2016, 2020a, 2020c) has 
been extensively developed in air transport regulations 
and is as old as aviation. This development, its leadership, 
and international unification come from the hand of the 
International Civil Aviation Organization (ICAO, 2021), a 
specialized agency of the United Nations in everything 
related to aviation.

1. Safety culture and air disasters

Safety culture definition has evolved throughout the dif-
ferent editions of the ICAO Safety Management Manual. 
The initial editions (ICAO, 2006; ICAO, 2009) considered 
the terms safety culture and organizational culture as syno-
nyms, referring to share beliefs, practices and attitudes. 
The third edition used the term organizational culture 
adapted to safety and with reference to the characteristics 
and safety perceptions among members interacting within 
a particular entity (ICAO, 2013a). In the latest edition, the 
definition links the operational safety with the human fac-
tor in the aviation system as how people behave in rela-
tion to safety and risk when no one is watching, which co-
incides with that used by the Institute for Industrial Safety 

3 Based on organizational culture with “shared beliefs, practices, 
and attitudes” (International Civil Aviation Organization, 2009, 
pp. 2–28).

Culture ([ICSI], 2021). Therefore, the definition is becoming 
universal and global. It is then that ICAO recommends ac-
cident investigation as a basic tool and methodology to 
analyze the real evolution of safety culture (ICAO, 2018), 
and does so under Article 37 of the Chicago Convention 
on Adoption of International Standards and Procedures 
“Aircraft in distress and investigation of accident” (ICAO, 
1944, paragraph k). 

Accident investigation is a post-accident analytical 
technique that can also serve as a reactive method of pre-
vention (Rodríguez, 2012). This technique has been and 
is one of the pillars for the development of security in 
general. In the field of air transport, it has been of vital 
importance in the prevention of accidents, creating and 
promoting improvements in the design and manufacture 
of aircraft, training of personnel, protocols and in the 
development of extensive legislation. Investigations into 
major air disasters have promoted both reactive measures 
(recommendations) and preventive measures (increasingly 
complex global improvement system) (Lombardo, 2020).

Commercial aviation has proven to be able to evolve, 
acquiring knowledge from the investigation of its acci-
dents. Furthermore, it has succeeded in integrating and 
managing this knowledge with high levels of operational 
safety, enough to guarantee the economic profitability of 
the sector. Regulatory leadership as a generator of safety 
culture is vital to understanding this evolution. ICAO has 
created a common language, internationally standardized 
management system processes, and generated policies, 
regulations, and manuals to increase the safety of opera-
tions. It could be argued that one of the most important 
contributions (technical, human, and organizational) that 
have marked the safety culture is the investigation of tech-
nical, human, and organizational errors in a high number 
of accidents (ICAO, 2018). 

The most catastrophic plane crash in history, in terms 
of fatalities, was the one that occurred, in 1977, at the 
airport of Los Rodeos (Tenerife, Spain), in which two Boe-
ing 747 collided, with a fatal balance of 583 deaths (BBC 
Mundo, 2013; Helmreich, 2006; Ranter, 2015). The principal 
cause was the unauthorized take-off of the pilot of one 
of the aircraft operated by KLM (Koninklijke Luchtvaart 
Maatschappij). However, its technical analysis shows how 
an innumerable chain of events and technical, human, and 
organizational errors contributed to the outcome. Firstly, 
the bomb warning at Las Palmas airport caused the di-
version of all flights to the nearby Tenerife Norte airport 
-Los Rodeos-, which also had only one runway, without 
ground radar and damaged runway lights. Secondly, the 
appearance of very dense fog and the presence in Los 
Rodeos tower of only two air traffic controllers, absolutely 
overwhelmed by the excessive traffic of that day at the 
airport. Finally, the linguistic confusion and cancellation 
in radio communications, the rush syndrome, the lack of 
recent flight hours of the KLM pilot, and the organizational 
pressure of the policies of the operator of that company 
formed the perfect combination for the disaster. As the 
only positive aspect, we can stay with the fact that the 
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subsequent investigation into this accident would cause 
substantial changes in international regulations and doz-
ens of recommendations for air operation (ICAO, 2013b). 
Before Los Rodeos, the airlines modified the training for 
pilots in command, creating the management of resources 
in the cabin (Crew Resource Management [CRM]), which 
has continued in constant evolution (Muñoz-Marrón, 
2018). Airlines also created awareness of the problem of 
the hierarchy in the cabin (Comisión Investigación de Ac-
cidentes e Incidentes de Aviación Civil España, 1977).

Accident and catastrophe are different terms. The 
Royal Spanish Academy of Languages (RAE) differenti-
ates between an accident “eventual event or action that 
results in involuntary damage to people or things” (RAE, 
2020a, definition 2), and a catastrophe “event that pro-
duces great destruction or damage” (RAE, 2020b, defini-
tion 1). The World Health Organization (WHO) also adds 
an aspect related to the risk process by defining catas-
trophe or disaster in English as a “serious disturbance of 
the functioning of a community or society that causes 
widespread human, material, economic or environmental 
losses that exceed the capacity of the affected commu-
nity or society to cope with the situation with its own re-
sources” (World Health Organization, 2008, p. 22). That is, 
catastrophe not only as a result of a natural hazard, but 
as a risk process in which several elements appear (the 
existence of a danger, vulnerability and insufficient meas-
ures). In air transport there is no definition of the term 
catastrophe, but the WHO definition complies with both 
definitions, both that given by the RAE, and the defini-
tion internationally institutionalized by the WHO: Inher-
ent danger of flying; vulnerability that entails a means of 
air transport and insufficient measures of the technical, 
human or organizational type, that cause a serious dis-
turbance of the system producing human losses and great 
destruction.

Understanding that a catastrophe goes far beyond 
an accident and that there is no definition or aeronauti-
cal term to define it, it is important to delimit the pa-
rameters on which the industry bases to differentiate 
the “catastrophe” from the plane crash. It is crucial to be 
clear about which accidents are considered air disasters 
to understand how these have driven research and the 
construction of a culture of operational safety in the air 
transport industry. The definition of serious air disaster 
used throughout this paper is limited to the definition 
contained in the ICAO regulation: commercial flight ac-
cidents (general aviation, military, helicopters, and Re-
motely Piloted Aircraft System [RPAS] excluded), where 
the aircraft is economically unrecoverable or of the hull 
loss type4 (excluding fatal type accidents). Excluded too 
are kidnappings and sabotage due to the unexpected 
nature of the event and the lack of relationship with op-
erational safety (safety management), and since they are 

4 A hull loss is an event in which the aircraft is destroyed or dam-
aged with no possibility of economic repair.

more linked to the physical security measures at airports 
(security). These measures are adopted to avoid the in-
tentional damage of some people against others whose 
regulation, contained in Annex 17 of the safety of the 
ICAO (ICAO, 2020b), is periodically amended in response 
to evolving threats. 

2. Periods in the evolution of operational 
safety

It is essential to analyze the different periods and times 
through which air transport has passed, what normative 
publications and technical advances have occurred in 
each of them, and what objectives have been priorities. 
The rules and regulations that have been necessary to 
formulate since the creation of the ICAO (in 1947) in its 
objective to guarantee flight safety are also important is-
sues to consider. The establishment of the structure of this 
timeline is crucial, as it will delimit the periods of evolution 
and changes in mentality in terms of safety while, at the 
same time, checking the behavior and trend concerning 
the occurrence of primary air disasters worldwide. In short, 
it will be the line of argument and the constant that will 
test the hypotheses.

To establish these periods (Figure 1), has been taken 
as a reference the structure of ICAO technical publications, 
specifically the Operational Safety Manual (ICAO, 2006; 
ICAO, 2009; ICAO, 2013a; ICAO, 2018), using all its edi-
tions. This manual is a document that provides guidance 
and detailed information on international safety standards, 
best practices, and procedures (ICAO, 2006).

Figure 1. Operational safety evolution reference periods

3. Hypotheses

ICAO Safety Management Manual, 2nd edition, (ICAO, 
2009) delimits two clear periods in terms of the errors 
produced by the human factor: before and after the early 
1990s. This second edition defines a specific time point 
at which there is a significant change of mentality in re-
lation to the analysis and management of accidents. At 
the beginning of the 90s, the organization recognized, for 
the first time, that people work within defined operation-
al contexts. Although previously, scientific literature was 
available in this regard (related to the influence of a given 
operative context over performance and execution), it was 
not until the 90s that the aeronautical world publicly and 
officially recognized this fact. This milestone marks the be-
ginning of the so-called “era of the organization” in which 
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operational security begins to be seen from a systemic 
perspective, thus encompassing organizational, human, 
and technical factors (ICAO, 2009).

Considering that, the present paper aims to test the 
following hypotheses:

Hypothesis 1. The beginning of the safety culture is es-
tablished in the 90s, coinciding with the beginning of the 
“institutional era”. Therefore, during this period, considera-
ble regulatory development in the number of publications 
of the four established periods can be expected, together 
with a drastic reduction in the number of accidents and 
mortality in commercial aviation.

Hypothesis 2. The attributions about causes and rec-
ommendations in the investigation of accidents:

 ■ H 2.1. There will predominantly be technical type at-
tributions during the technical era.

 ■ H 2.2. There will predominantly be human type at-
tributions during the human factors era.

 ■ H 2.3. There will predominantly be organizational 
type attributions during the institutional era/total 
system era.

Hypothesis 3. From 1949 to 2020, technical factors or 
errors will follow a decreasing trend, while both human 
and organizational factors will follow an increasing trend. 

4. Method

The objective of this analytical-observational study is to 
identify the specific period where an efficient safety cul-
ture appears through a detailed analysis of the literature 
and existing data. In addition, based on the accident in-
vestigation reports, this work tries to find the relationship 
between each of the established reference periods (as far 
as operational safety evolution is concerned) and the at-
tribution of the causes of air accidents that occurred in 
each of them. 

Two types of variables are used that, functioning as 
dependent variables (DV), have a direct relationship with 
the object of study: 

 ■ Quantitative variables: (1) the number of ICAO regu-
latory publications; (2) the global commercial aviation 
mortality rate; (3) the global commercial aviation air 
accidents rate; and (4) the global commercial aviation 
high mortality air accidents rate (accidents with more 
than 49 victims). 

 ■ Qualitative variables: (1) the accident attribution of 
causality in the investigation reports. 

The data collected for both sets of variables (quantita-
tive and qualitative) were analysed using each reference 
period as a time frame. The analysis of the results pro-
vided by the quantitative variables serves to identify, in a 
concrete way, the starting point of the operational safety 
culture in each of the eras. 

ICAO publications have been chosen as a frame of ref-
erence because ICAO is one of the most important regu-
latory bodies in the aviation sector worldwide. ICAO has 
always created its own regulatory standards, adapting to 

the evolution of the sector. A constantly changing and in-
creasingly complex sector that has been able to take on 
the challenges posed by major air disasters, using them as 
a learning and knowledge tool to increase safety culture. 
The number of ICAO regulatory publications (quantitative 
variable 1) is in the line with the number of changes in 
operational safety, and is one way of determining safety 
culture in terms of its importance in generating a shared 
ways of doing and thinking (ICSI, 2021).

The rest of the statistics rates (quantitative variables 2, 
3, and 4) have been chosen because they are all consid-
ered to be one of the many consequences of poor safety 
cultures over the years, and inform us about significant 
changes in the overall trend, in order to provide us with 
interesting global information to integrate with the quali-
tative variable. The operational safety aims to reach the 
utopia of zero accidents and the safety culture changes 
people’s behaviour in order to achieve as few accidents as 
possible, because safety culture and the quest for zero air 
accidents are closely related. 

On the other hand, the qualitative variable is used to 
analyze the relationship between this variable and the 
types of causality attributions of air accidents in the in-
vestigation reports for the period 1949–2020.

Air accident investigation reports have been employed 
for the study of qualitative variables. These reports present 
a standardized structure since the beginning of commer-
cial aviation (ICAO, 1970, 2020c), making them an excellent 
analysis tool. This structure included in the “ICAO Annex 
4 – Mandatory content research report according to An-
nex 13 and relationship with the technical (FT), human (FH) 
and organizational (FO) factors involved” (ICAO, 2020a, 
2020c) shows that the essence of the report itself has not 
changed. And although the attributions included in them 
are difficult to measure, in order to quantify their analysis 
objectively, a triple classification of the causes and recom-
mendations contained in these research reports has been 
made. Thus the categorization aims to identify which of the 
factors: (1) technical (material safety condition, factors re-
lated to airworthiness status of the aircraft, system design, 
meteorology and navigation systems), (2) human (safety-
related actions or omissions constituting dangerous acts 
that jeopardize operational safety), or (3) organizational 
(cultural, economic, organizational, and management ac-
tivities with direct and indirect influences on aircraft opera-
tion, such as resources and financial viability, management 
policies and practices, communications, certification safety 
oversight and regulatory framework, etc.), can be attrib-
uted to the occurrence of each of the accidents analyzed.

5. Procedure

Two types of analysis have therefore been developed. The 
first is descriptive concerning quantitative variables to test 
hypothesis 1. The second is through the qualitative analy-
sis of the historical attributions of significant accidents to 
test hypotheses 2 and 3.
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As for the quantitative descriptive analysis cor-
responding to hypothesis 1, the safety culture eras of 
evolution differ in the number of years: 21 years for the 
technical, human and institutional factors, and 9 years for 
the total system era. The annual average, which facilitates 
comparison between periods, is used for each variable to 
unify and compare the results. In addition, to conclude 
if the jump from one era to another is significant, three 
Stevens’ t-tests (bidirectional and assuming unequal vari-
ances) have been performed beyond the graphical rep-
resentation of each variable. These tests have been com-
pleted for each of the three consecutive inter-era jumps 
(specifically between two eras): technique-human factors, 
human-institutional and institutional-current factors. This 
methodology, employed for each quantitative variable of 
the theoretical model, allows us to check which jump be-
tween the eras has statistical significance. Stevens’ t-test 
for two samples is an appropriate method of checking 
whether the differences observed in the graphical repre-
sentations are significant.

To test hypothesis 1, about the beginning of the safety 
culture in the 90s, has been made a count (editions and 
total amendments during the period 1949–2020) of ICAO 
publications (Chicago Convention and Annexes from 1 to 
19) that regulate international commercial aviation (the 
two documents on operational safety and accident inves-
tigation that develop Annex 13 and 19 have been taken 
into account respectively and others that significantly 
comply with the Chicago Convention). Regarding mor-
tality and accident rates, there are few organisms with 
all the data available, so those provided by the Aviation 

Safety Network (ASN) database have been used (Ranter 
& Lujan, 1996). The ASN is a private and independent 
body that covers accidents and safety issues of commer-
cial, military, and private aviation.

In order to test hypotheses 2 and 3, the conclusions of 
investigation reports of a sample of accidents that meet 
the requirements of the definition of major catastrophes 
framed in commercial aviation have been analyzed, ex-
cluding military accidents, general aviation, and hijackings. 
To have a uniform sample and thus be able to compare 
results with respect to the different times, the criterion 
of choosing the accident with the highest number of fa-
talities per year between 1949–2020 has been followed. 
The sample has been extracted from the Aviation Safe-
ty Network ASN database (Ranter & Lujan, 1996). From 
among 23000 records, 71 hull-loss accidents have been 
selected, the deadliest per year of the period (with more 
than 49 victims), that is, 21 for each past era: technical 
era (Figures 2 and 3), human era (Figures 4 and 5), and 
organizational factors era (Figures 6 and 7) and 8 for total 
system era (Figure 8)5.

From original investigation reports, information on 
the conclusions of every accident (leading causes, con-
tributing causes, and recommendations) was collected. 
Once each category is defined, all the sources and rec-
ommendations are classified according to one of the 
three categories. That is, whether they are technical, hu-
man, or organizational issues. To provide an example, 
Figure 9 shows the first four accidents in the sample 
and their classification according to the procedure de-
scribed.

5  There is no sample in 2017 that meets the established criteria.

Figure 2. Sample of accidents 1–10. Technical era, 1949–1969
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Figure 3. Sample of accidents 11–21. Technical era, 1949–1969

Figure 4. Sample of accidents 22–31. Human era, 1970–1990

Figure 5. Sample of accidents 32–42. Human era, 1970–1990
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Figure 6. Sample of accidents 43–52. Organizational factors era, 1991–2011

Figure 7. Sample of accidents 53–63. Organizational factors era, 1991–2011

Figure 8. Sample of accidents 64–71. Total System era, 2012–2020



Aviation, 2023, 27(2): 104–118 111

6. Results

The results obtained vary depending on the type of vari-
able. For quantitative variables, annual averages have been 
calculated (ICAO publications, air accident victims, acci-
dents, and high mortality accidents) for each era. For the 
qualitative variables corresponding to the attributions, the 
percentages of the factors (technical, human, and organi-
zational) have been calculated to see how they change, 
both for each era and the entire period (1949–2020).

The results, in terms of the count of ICAO publications 
(Table 1), show a more prominent era leap than the rest: 
specifically, the jump from the technical era to the human 
factors era. The analysis, carried out through Stevens’ t-test, 
of the average number of publications confirms that this 
jump does represent a statistically significant increase in 
the average number of annual publications from the tech-
nical period to the human factors (t = 3.32; p < 0.002). 
The increase, although progressive during the later eras, 
is not significant, nor is the jump to the institutional era 

(t = 0.69; p > 0.50), nor that of the jump to the current era 
(t = 0.52; p > 0.61).

The dispersion by era of total world accident total 
victims (period 1949–2020) shows (Table 2) a downward 
trend in recent times. It also places the highest number 
of deaths, almost thirty thousand, in the human factors 
era. The highest decline occurs between the institutional 
stage and the total system one. It is possible to observe 
two significant periods of change by performing the t-test 
between the averages of the consecutive eras. The first 
locates between the era of human factors and the institu-
tional era (t = 2.96; p < 0.005), while the second situates 
between the institutional era and the present (t = 6.45; 
p < 0.001). Therefore, it should affirm that from the time of 
human factors until today, mortality has been decreasing 
significantly. However, there is no statistical significance 
between the technical stage and the human factors one 
(t = 1.82; p > 0.08), although an increase in mortality is 
observed.

MC – Main Cause, CC – Contributory Cause, R – Recommendation 
Factor type: T – Technical, H – Human, O – Organizational FACTOR 

DATE CODE CONCLUSIONS EXTRACTED FROM THE FINAL REPORT T H O

1. 7-Jun.-49 MC-1 Loss of power from the right engine from catching fire before the aircraft reached 
the optimal ascent speed with a single engine, caused it to lose altitude and crash 
into the sea.

 X 

CC-1 Overload condition of the aircraft.  X 
R-1 The CAB (Civil Aviation Board) revoked the license of the operator Strato-Freight 

Inc.   X 

2. 12-Dec.-50 MC-1 Center of gravity out of bounds on the Airworthiness Certificate (too aft)...  X  

MC-2 … and insufficient control in conditions of low speed and acute instability.  X 
R-0 There’s none.    

3. 16-Dec.-51 MC-1 Loss of power of the right engine, caused by the failure of the fastening bolts of 
cylinder No. 10, causing a fire in flight that became uncontrollable.  X 

R-0 There’s none.    
4. 11-Apr.-52 MC-1 Improper maintenance of the company by not changing the engine No. 3…   X 

MC-2 … which resulted in its failure immediately after takeoff.  X 
MC-3 The captain’s persistent action in attempting to restore an ascent, without using 

all available power, caused the critical loss of power from another engine. He went 
into loss.

 X 

MC-4 Defective engine parts.  X 
R-1 It was recommended, in the future, to inform passengers about the location and 

use of flotation equipment and emergency exits before flights over water.  X 

R-2 Provide boats and life jackets in appropriate locations, ready to be used.  X 

Figure 9. Method of classification of causes and recommendations in the different factors

Table 1. International Civil Aviation Organization (ICAO) Publications (1949–2020) and Annexes (amendments and editions) by 
safety era

Evolution eras in operational safety

TECHNICAL HUMAN FACTORS INSTITUTIONAL TOTAL SYSTEM

Total number of publications 147 205 221 104
Annual Average 7.00 11.90 10.52 11.56



112 C. Mínguez Barroso, D. Muñoz-Marrón. Major air disasters: accident investigation as a tool for defining eras in commercial aviation...

Table 2. Commercial aviation worldwide accident victims by safety era (1949–2020)

Evolution eras in operational safety

TECHNICAL HUMAN FACTORS INSTITUTIONAL TOTAL SYSTEM

Total number of fatalities 24331 29068 20945 2890
Annual Average 7.00 11.90 10.52 11.56

Table 3. Commercial aviation worldwide accidents by safety era (1949–2020)

Evolution eras in operational safety

TECHNICAL HUMAN FACTORS INSTITUTIONAL TOTAL SYSTEM 

Total number of accidents 1400 1189 910 165
Annual Average 66.67 56.62 43.33 18.33

Table 4. Commercial aviation worldwide high mortality accidents by safety era (1949–2020)

Evolution eras in operational safety

TECHNICAL HUMAN FACTORS INSTITUTIONAL TOTAL SYSTEM 

Total number of accidents 136 184 142 21
Annual Average 6.52 8.76 6.76 2.33

Table 5. Technical, human, and organizational factors by evolutionary eras (1949–2020)

Type of factor

Technical Factors Human Factors Organizational Factors Without 
Determine Total

TECHNICAL ERA 42 26 20 16 104
Causes: 28 23 2 4 57

Main 23 16 1 2 42
Contribute 5 7 1 13

Undetermined 2 2
Recommendations 14 3 18 – 35
No recommendation – – – 12 12

HUMAN FACTORS ERA 88 47 90 9 234
Causes: 27 36 13 – 76

Main 16 22 2 – 40
Contribute 11 14 11 – 36

Recommendations 61 11 77 – 149
No recommendation – – – 9 9

INSTITUTIONAL ERA 113 83 353 2 551
Causes: 37 66 25 – 128

Main 11 34 6 – 51
Contribute 26 32 19 – 77

Recommendations 76 17 328 – 421
No recommendation – – – 2 2

TOTAL SYSTEM ERA 19 29 169 3 220
Causes: 11 18 17 – 46

Main 2 4 3 – 9
Contribute 9 14 14 – 37

Recommendations 8 11 152 – 171
Open Investigation – – – 2 2
Year without Accident – – – 1 1

Total 262 185 632 30 1109
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The total number of accidents per era, during 1949–
2020, decreases more uniformly and progressively at the 
beginning of the institutional era. This trend is maintained 
in the total system era too. The t-test of averages confirms 
that the three changes between consecutive eras are sta-
tistically significant (t = 2.89; p < 0.01; t = 3.60; p < 0.001 
and t = 8.45; p < 0.001, respectively). Regarding the aver-
ages in Table 3, it can be observed that the most relevant 
decline occurs between the institutional era and the cur-
rent period (total system).

A higher number of accidents in the human factors 
era can be observed (Table 4), looking at the results of 
high mortality accidents (those with more than 49 deaths) 
for each stage, with 184 out of a total of 483 accidents 
(occurring from 1949 to 2020). The sum of high mortal-
ity accidents reflects more accidents in the human factors 
era, producing its highest decrease during the total system 
period, starting in 2012 (Table 4). Regarding annual aver-
ages, it is posible to find a vast decline in high mortality 
accidents, especially in the total system era. The t-test be-
tween the means of consecutive stages confirms that the 
only statistically significant drop occurs between the insti-
tutional era and the total system era (t = 5.08; p < 0.001). 
The rest of the jumps between stages are not statistically 

relevant, nor the increase in high mortality accidents that 
can be seen between the technical era and the human fac-
tors one (t = 1.76; p > 0.086), nor in the decrease between 
the latter and the institutional period (t = 2.02; p > 0.025).

The descriptive analysis of the quantitative variables 
shows that hypothesis 1, which places the beginning of 
the safety culture in the 90s, is only fulfilled and partially 
concerning mortality (the jump to the total system era is 
also significant). This analysis shows the most significant 
jump between eras for all quantitative variables and con-
sequently places an efficient safety culture as of 2011. 

Regarding the qualitative variables established for hy-
potheses 2 and 3, the numerical results corresponding to 
the 71 accident investigations of the period 1949–2020, 
which are selected according to the established criteria, of-
fer a total of 1109 causes and recommendations, classified 
according to technical, human, or organizational factors. 
They are all listed in Table 5, and their graphical represen-
tation by era is presented in Figure 10.

The general analysis of the classification of causes/
recommendations by technical/human/organizational fac-
tors of catastrophic accidents of the period 1949–2018 
shows (Figure 11) a high percentage of the human fac-
tor as responsible both in determining causes (53.5%) and 

Figure 10. Method of classification of causes and recommendations in the different factors. Period 1949–2020

DETERMINING CAUSES

TECHNICAL Factors

HUMAN Factors

ORGANIZATIONAL F.

Undetermined 1.4%

8.5%

53.5%

36.6%

CONTRIBUTING CAUSES

TECHNICAL Factors

HUMAN Factors

ORGANIZATIONAL F.

Undetermined

27.6%

41.1%

31.3%

Figure 11. Percentages of technical, human, and organizational factors in the “causes” (1949–2018)
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in contributing causes (41%). After the human factor, the 
technical is the second type of cause, both in determinants 
(36%) and in taxpayers (31.3%). Organizational factors are 
more present as contributing causes (27.6%) than as de-
terminants (8.5%). 

Regarding the recommendations of the report, it can 
be concluded that in the face of human and technical fac-
tors as a cause of accidents, the preventive measures is-
sued were of an organizational nature (74.1%). Normative 
regulation and managerial and institutional control are 
imposed as recommended main measures in human and 
technical failures (Figure 12).

Hypothesis 2 tried to find out if technical, human, and 
organizational factors or errors have a correspondence to 
the technical (hypothesis 2.1), human factors (hypothesis 
2.2), and institutional eras (hypothesis 2.3). The results 
show that most of the attributions in the technical period 
are technical factors, which would comply with hypothesis 

2.1. However, in the era of human factors, hypothesis 2.2 
is not met since the most numerous attribution errors are 
organizational ones. The majority of attributions are also 
fulfilled according to hypothesis 2.3 since, in both eras 
(institutional and total system), organizational factors are 
predominant (Figure 13).

With regard to the evolution of factors or errors from 
1949 to nowadays, hypothesis 3 is fulfilled in that it pre-
dicts a decrease in technical errors and an increase in or-
ganizational errors, both in absolute value and in percent-
age. However, it is not fulfilled as far as human factors are 
concerned since the percent of human factors does not 
grow but has a decreasing tendency (the absolute values 
of each period first increase and then decrease). 

The results of hypotheses 2 and 3 on human factors 
(which factors predominate at the time of human factors 
and the trend of the same during the period 1949–2020) 
raise the need for a more detailed analysis, separating 
causes and recommendations, in a similar way to the study 
carried out of determining causes, contributing causes and 
recommendations. Those relating to causes and recom-
mendations show in isolation that human factors have a 
predominant weight in the former but not in the latter. 
Human factors are increasing in the causes until the insti-
tutional era and then decreasing in the present stage. Hu-
man factors predominate in the causes (Figure 14), while 
organizational factors predominate in the recommenda-
tions (Figure 15).

RECOMMENDATIONS

TECHNICAL Factors

HUMAN Factors

ORGANIZATIONAL F. 74.1%

20.5%

Figure 12. Percentages of technical, human, and organiza-
tional factors in the “recommendations” (1949–2018)

Figure 13. Type of predominant factor in the conclusions of the report by era and their evolution
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Conclusions

Another identified moment of change is located in the 70s 
and has as protagonist the vast increase in the normative 
development promoted by the ICAO. The transition be-
tween the technical era and the human factors era turned 
out to be the peak of the development of regulated 
aviation publications. This moment is prior to the period 
identified as significant in the proposed theoretical model 
(early 90s). The evolution of standards (SARPs) and proce-
dures (PANS) of the Annexes has its highest increase just 
after the technical era. The reason justifying these results 
could be the urgent need, during the technical stage, for 
an integration between the human and technology factors 
(man-machine). Although, for the establishment of defini-
tive conclusions, it will be necessary to wait for the results 
of new research.

Regarding the study of causes and recommendations, 
it is relevant to highlight that it is necessary to study both 
report conclusions in isolation (on the one hand, causes 
and, on the other hand, recommendations). Treating both 
attributions together distorts the behavior of the results 
in terms of human factors. In general, human factors pre-
dominate in the causes of the reports analyzed. On the 
contrary, organizational factors predominate in the rec-
ommendations throughout the period studied. The con-
clusion that emerges is that accidents caused by human 
factors generate in the investigations the issuance of safe-
ty recommendations of the organizational type. On the 
other hand, the pattern of technical factors is an explicit 
decrease, both in causes and recommendations.

From the results drawn from the analysis conducted, it 
is concluded that there is a fine line between the definition 
of a human error or factor and an organizational error or 
factor. Fatigue, for example, is a human factor, causing 
numerous errors, but the responsibility for not appearing 
on the scene is an organizational one. Another important 
conclusion of the study, without doubt, is that all the ca-
tastrophes studied have been a relevant advance for the 
air transport industry, but what will happen when there 
are no high-impact accidents? Will it be possible to con-
tinue learning? Undoubtedly, the current cornerstone to 
prevent accidents in the future, which answers this ques-

tion, is the study of incidents. In the first edition of the 
International Civil Aviation Organization’s (ICAO, 2006) 
Operational Safety Manual and in Frank Bird’s theory, it 
was believed that the factors or causes that contribute to 
major catastrophes can be present in incidents and, there-
fore, these can be detected before grave damage occurs. 
This statement reflected by ICAO constitutes “the Heinrich/
Bird safety pyramid” of the 70s (Arnau, 2021). After learn-
ing from vast accidents, today, the safety pyramid of the 
70s by Heinrich and Bird makes sense and is now more 
helpful in understanding the future of operational safety. 
There is no denying that critical accidents have produced 
and continue to produce relevant changes in the indus-
try. However, nowadays, the industry seeks these changes 
hand in hand with the area of eventual knowledge, located 
at the base of the pyramid and directly related to daily 
operations, information on events, hazards, and systemic 
deficiencies.

The top of the pyramid is almost explored and con-
stitutes the level of genuine knowledge provided by ac-
cident investigation. But the lower base is an unexplored 
area and represents a great learning opportunity through 
the optimization of data capture mechanisms (Martínez, 
2016). Currently, there is more travel in learning about 
incidents than in studying fatal accidents or catastrophes, 
mainly because they occur less and less frequently. In this 
way, the systems of mandatory notification of almost any 
event or Aviation Data Reporting Program (ADREP) pro-
vide a large amount of information, typical of big data. 
Incident reporting and big data analysis research seem 
to be the future, making learning about the incident in-
creasingly valuable so that it never becomes a major ca-
tastrophe (ICAO, 2006).

Therefore, the clearest recommendation that arises 
from all the results obtained in this study is to promote 
voluntary incident reporting systems within a positive safe-
ty culture (fair culture) and not to stick exclusively to man-
datory reporting events. The safety culture is fundamental 
for achieving the voluntariness of making available to the 
global system all operational safety events to be studied 
as big data and thus be able to make more accurate pre-
dictions and recommendations (recommendations on the 
operational safety of global interest or SRGC).
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Figure 15. Type of predominant factor in “recommendations” of the reports by era and their evolution
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