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Contributive factors to aviation 
accidents

ABSTRACT

The objective of the study was to compare the results of aviation accident 
analyses performed by the Center for Investigation and Prevention of 
Aviation Accidents (CENIPA) with the method Human Factors Analysis 
and Classifi cation System (HFACS). The fi nal reports of thirty-six general 
aviation accidents occurring between 2000 and 2005 in the State of São Paulo, 
Southeastern Brazil were analyzed and compared. CENIPA reports mentioned 
163 contributive factors, while HFACS identifi ed 370 factors. It was concluded 
that CENIPA reports did not contemplate the organizational factors associated 
with aviation accidents.

DESCRIPTORS: Accidents, Aviation Accidents, Occupational Accidents. 
Evaluation. Risk Factors.

INTRODUCTION

Aviation is a transportation activity that involves different levels of operation 
and interrelated tasks, some highly complex and subject to various occupational 
stressors.4

The state of São Paulo, Southeastern Brazil, concentrates the bulk of aerial 
activity in the Country, mainly of general aviation, including training, executive, 
air-taxis, special air services, and agricultural aviation aircrafts.

The analysis of aircraft accidents in Brazil is carried out by the military Centro 
de Investigação e Prevenção de Acidentes Aeronáuticos (CENIPA – Center for 
Investigation and Prevention of Aviation Accidents), based on the International 
Civil Aviation Organization laws. These analyses deal with grouped factors 
(material, operational, and human), resulting in a multiple causes view of 
accidents. Still, these studies are restricted to the man-machine system, and 
failures resulting from organizational issues are not investigated.

Reason3 (2005) believes that accidents result from combinations that are not 
always predictable, from human and organizational factors within a complex 
system. His organizational accident model explains these events with the occur-
rence of failures or absent defenses and safeguards in the system developed 
to minimize the chance of accidents. Active failure occurs near the accident 
outcome involving the behavior (decisions, actions, or omissions) of operators 
and are diffi cult to predict and control. These active failures originate in latent 
conditions related to technical and organizational factors present in the system 
well before accidents occur. Reason’s model also includes a demonstration of 
the possibility of accidents occurring without active failures, i.e., triggered 
directly from interactions between latent conditions.1

Based on Reason’s model, the Human Factors Analysis and Classifi cation 
System (HFACS) has been used to analyze accidents since it can identify a 
great number of contributing factors.4
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This study aimed to compare the results of the investiga-
tions of Brazilian general aviation accidents by CENIPA 
with the HFACS model.

METHODS

We used the fi nal reports of accidents involving general 
aviation aircrafts in São Paulo between the years of 
2000 and 2005, concluded by CENIPA until December 
2008. This state was chosen because it has the largest 
percentage of aircrafts in the country (28%), including 
all categories of “general aviation”. Commercial avia-
tion was excluded because of major differences in its 
operation.

Data were obtained from fi nal reports issued by CENIPA 
with information on aviation accidents: accident data 
[history, damage caused, personnel involved, aircraft, 
weather conditions, navigation, communications, 
airfi eld, crash, wreck, fi re, survival, fl ight recorders, 
operational aspects, human factors (physiological and 
psychological)], and what was investigated (analyses, 
conclusions and fl ight safety recommendations). Data 
on contributing factors of accidents in these final 
CENIPA reports were obtained from the “conclusion”.

The HFACS model used was based on Shappell et al4 
(2007) and is supported by Reason’s Theory.3 This 
model was chosen for comparison with CENIPA’s 
because it has been used in the investigation of general 
aviation accidents in the United States and enables an 
evaluation of a larger number of contributing factors.

The factors considered in the HFACS model are: orga-
nizational infl uences (organizational climate, organiza-
tional process, resource management), unsafe supervi-
sion (inadequate supervision, planned inappropriate 
operations, failed to correct problems, supervisory 
violations), preconditions for unsafe acts (environ-
mental, physical, and technological factors), condi-
tion of operators (adverse mental and physiological 
states, physical/mental limitations), personnel factors 
(crew resource management and personal readiness), 
and unsafe acts (decision errors, skill-based errors, 
perceptual errors, routine and exceptional violations).

RESULTS

During the period, there were 74 general aviation 
accidents. For 38 of these, the fi nal reports had not yet 
been released, leaving us with a total of 36 to analyze. 
Final reports were thus distributed: 2000 (27.8%); 2001 
(22.2%); 2002 (19.5%); 2003 (16.7%); 2004 (11.1%) 
and 2005 (2.8%).

The distribution of cases by category of operations 
showed that 44.5% involved private air service opera-
tors, 25% private instruction aircrafts, 16.7% special air 
services, 11.1% air taxi, and 2.8% public air transport.

These accidents involved 114 people, of which 50% 
were crewmembers, 41.2% passengers, and 8.8% other 
victims. A total of 42.1% resulted in fatal injuries, 8.7% 
led to severe injuries, 26.3% to mild, and 22.8% of 
cases were unharmed.

The distribution by type of occurrence was: engine 
failure in fl ight (33.3%), mid-air collision with obstacle 
(30.5%), loss of control in fl ight (16.7%), loss of 
control in soil (5.5%), failure of control in flight 
(2.8%), weather phenomenon (2.8%), collision with 
obstacles in soil (2.8%), system failure (2.8%) and 
spacial disorientation (2.8%).

Contributing factors as noted in the fi nal CENIPA 
reports were categorized as: human factors (10.4%) 
and operational factors (89.6%). No failures due to 
material factors were identifi ed. The total number of 
contributing factors in the CENIPA model was 163, 
resulting in an average of 4.52 factors per accident. The 
distribution of these factors, considering the frequency 
of citations were: misjudgment (80.5%), poor planning 
(66.7%), poor supervision (66.7%), psychological 
aspects (44.4%), flight indiscipline (38.9%), poor 
cockpit coordination (30.5%), adverse weather condi-
tions (25%), lack of experience (22.2%), poor control 
application (22.2%), other operational aspects (19.4%), 
poor maintenance (16.7%), poor instruction (8.3%), 
infl uence of the environment (5.5%), forgetfulness 
(2.8%) and physiological aspect (2.8 %).

The total number of contributing factors in the HFACS 
model was 370, averaging 10.3 per accident, with the 
following distributions by categories according to 
types of events: unsafe acts (36%), unsafe supervi-
sion (28.3%), organizational infl uences (18.1%), and 
preconditions for unsafe acts (17.6%) (Figure).

DISCUSSION

The main contributing factors seen in the HFACS and 
CENIPA analytical models were “misjudgment” and 
“decision error”. In both methods, the main factor was 
failure by operators (pilots) and secondly, poor supervi-
sion in the CENIPA model, and unsafe supervision in 
the HFACS. It is possible that the high frequency of 
failures attributed to supervision in both cases refl ects 
the infl uence of traditional practices in the training of 
analysts and their experience.

The results suggest that security be understood as a 
product of adherence to rules and/or to the right way of 
doing things, and that such practices be ensured, among 
other things, by training and supervision.²

The small proportion of cases attributed to mechanical 
failure is consistent with the literature dealing with the 
histories of aviation and safety. Pariès & Amalberti5 
showed that accident rates tend to be higher in the 
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fi rst years after the introduction of new technologies, 
followed by rapid reductions to levels below those 
obtained in the previous situation.

The low average number (less than fi ve) of contributing 
factors in accidents by the CENIPA analysis shows that 
accidents tend to be addressed as simple events with 
few causes, given the number of associated factors. 
This happens when the analysis tends to focus on 
factors close to the outcome of the accident, without 
exploring its origins in depth or without adopting 
explicit procedures for systematic data collection and 
organization of fi ndings.¹

According to the HFACS, these accidents had a higher 
average number of contributing factors; more than twice 

that of CENIPA. HFACS also identifi ed organizational 
factors related to human resource management that the 
CENIPA assessment failed to observe. This difference 
can be explained partly by the fact that the HFACS 
model supports the exploration and systematic orga-
nization of fi ndings.

According to Leveson,² accident investigation should 
take broad view of the incident and include information 
to increase the perimeter of analysis beyond proximal 
events, exploring structural defi ciencies in organization 
and management defi ciencies, as well as failures in the 
safety culture within the system or society.

The findings on organizational influences in the 
analysis conducted with the HFACS method should 

Figure. Number of contributing factors for general aviation accidents according to the Human Factors Analysis and Classifi cation 
System. State of São Paulo, Southeastern Brazil, 2000-2005.
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initially be interpreted as evidence of the effective 
contribution of aspects from this dimension in the 
origins of accidents analyzed.

From the CENIPA list of contributing factors, we 
should highlight aspects centered on people and those 
represented in the group of operational factors. The 
CENIPA analysis considered the latter together with 
others from the group of human factors. The creation 
of instruments for accident analysis able to explain both 
the relational nature and the existence of interactions 
between various technical devices on the behavior in 

work situations is still a challenge.

One of the practical contributions of this study is that 
the way air accidents are analyzed, particularly in the 
model used by CENIPA, shows no evidence that the 
system is appropriating the contributions of studies 
that emphasize the need to explain the accidents. In 
other words, it is not exploring the latent or incubated 
origins of these events in the history of the system, or 
still, discussing these fi ndings with the help of disci-
plines such as Social Sciences, Cognitive Psychology, 
Ergonomics, Anthropology, and Engineering Systems.
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