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Abstract. This study applied Human Factors Intervention Matrix (HFIX) 
framework described by Wiegmann and Shappell. METHOD: The data set 
comprised of 31 incident investigation reports taken place between 2009 and 
2011 and included 182 unique safety recommendations to reduce human errors. 
The results indicated that major recommendations were directed at organiza-
tional/ administrative and human/ crew approaches and the most effective  
interventions concentrated on decision errors and violations. This study has 
demonstrated that the HFIX framework can be applied to improve human errors 
by five different approaches.  It also has suggested that decision error and vi-
olations are critical issues of flight safety and these can be improved by training 
and organizational administration. 
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1 Introduction 

According to an analysis of global safety data involving commercial air transport 
aircraft with a maximum certificated take-off mass of more than 2,250 kilograms, the 
accident rate are between 3.5ppm and 4.5ppm during 2002 and 2011〔1〕, but human 
factors doesn't only decent but also become the major cause of aviation mishaps〔2〕. 
Due to understand the fundamental nature and underlying causes of aircrew error and 
unsafe acts, aviation psychologists proposed varied perspectives on pilots' perfor-
mance in the cockpit〔3〕. The cognitive perspective asserts the pilot’s mind can be 
conceptualized as an information-processing system. When information from the 
environment makes contact with one of the senses, it progresses through a series of 
stage or mental operations to produce a response or action〔4〕. Therefore pilot errors 
are believed to occur when one or more of these mental operations fail to process 
information appropriately〔5〕. The ergonomics and systems perspective asserts pilot 
performance is the result of a complex interaction among several factors 〔7〕. Flying 
an airplane is a very complicated and dynamic task and pilots interact with high-tech 
airplanes and cockpit equipment, as well as must safely operate their aircrafts in all 
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types of weather conditions. Therefore pilot error is believed to occur when there is a 
mismatch or breakdown in the interface between the aircrew and the technology. The 
psychosocial perspective asserts flight operations are best viewed as a social endeavor 
that requires aircrew to interact with other flight support personnel. Therefore, aircrew 
performance is directly influenced by the nature or quality of these interactions 〔8〕. 
The organizational behavior perspective asserts that pilot performance must be viewed 
in term of the organizational context in which it takes place 〔9〕. Aviation organizations 
are responsible for ensuring that only those pilots with the 'right stuff' are hired to fly 
their aircraft. In addition, these organizations are also responsible for instituting appro-
priate procedures that ensure safe operations of the aircraft 〔10〕. Therefore, aircrew 
errors and subsequent accident are believed to occur when managers and supervisors 
fail to set up basic conditions within the organization that promote flight safety 〔11〕. 

Regarding with analysis framework and strategy of human factors, the Human Fac-
tors Analysis and Classification System (HFACS) is the most popular framework for 
investigating human errors in flight operations. HFACS proposed by Wiegmann and 
Shappell 〔12〕 were originally designed and developed as a generic human error 
framework for investigating and analyzing human error accidents in US military avia-
tion operations. HFACS addresses human errors at four levels. Level 1 (unsafe acts of 
operators - active failures) is the level at which the majority of accident investigations 
are focused. Failures at this level can be classified into two categories; errors and 
violations. Level 2 (preconditions for unsafe acts -latent/active failures) addresses the 
latent failures within the causal sequence of events as well as the more obvious active 
failures. It also describes the substandard conditions of operators and the substandard 
practices that they perform. Level 3 (unsafe supervision - latent failures) traces the 
causal chain of events producing unsafe acts up to the level of the front-line supervi-
sors. Level 4 (organizational influences -latent failures) describes the contributions of 
the most elusive of these latent failures, fallible decisions of upper levels of manage-
ment which directly affect supervisory practices, as well as the conditions and actions 
of front-line operators.  

Due to develop efficient intervention strategy of human errors, Wiegmann and 
Shappell 〔13〕proposed Human Factors Intervention Matrix (HFIX) framework. HFIX 
matrix pits the level-1 of HFACS (unsafe acts) against the five different safety ap-
proaches. The unsafe acts were described as operators commit errors or violation 
which includes decision errors, skill-based errors, perceptual errors and violations. On 
the other hand, improving these unsafe acts can used following approach, organiza-
tional/administrative, human/crew, technology/engineering, task/mission and opera-
tional/ physical environment. The HFIX framework is described diagrammatically in 
Figure 1. 

Wiegmann & Shappell 〔13〕has applied HFIX framework to analyze safety recom-
mendations of 147 commercial aviation accident reports which were adopted from 
National Transportation Safety Board (NTSB) accident databases and taken between 
1998 and 2004. These investigators’ recommendations can be clustered on category 
of organizational/administrative, human/crew, technology/engineering, task/mission. 
In addition, these recommendations in aviation tend to focus more on improving the 
design of system or some manner of organizational change rather than focusing on 
operational personnel. 
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Fig. 1. Human Factors Intervention Matrix (HFIX) framework[13] 

National culture has been implicated as a factor in many aircraft accidents. Merritt 〔14〕called the failure to take into account the effects of national culture “cultural im-
perialism.” Hofstede 〔15〕 pointed out that national cultures vary on dimensions such 
as power-distance, uncertainty avoidance, individualism, masculinity femininity, and 
long-term vs. short-term five areas which can affect interactions in the cockpit and 
which are known to have an impact on safety. Power Distance has been defined as the 
extent to which the less powerful members of organizations and institutions (like the 
family) accept and expect that power is distributed unequally. In Hofstede et al. 〔16〕 
Power Distance Index scores are listed for 76 countries; they tend to be higher for 
East European, Latin, Asian and African countries and lower for Germanic and Eng-
lish-speaking Western countries. Uncertainty avoidance is not the same as risk avoid-
ance; it deals with a society's tolerance for ambiguity. It indicates to what extent a 
culture programs its members to feel either uncomfortable or comfortable in unstruc-
tured situations. In Hofstede Uncertainty Avoidance Index scores, they tend to be 
higher in East and Central European countries, in Latin countries, in Japan and in 
German speaking countries, lower in English speaking, Nordic and Chinese culture 
countries. Individualism on the one side versus its opposite, Collectivism, as a societ-
al, not an individual characteristic, is the degree to which people in a society are inte-
grated into groups. In Hofstede Individualism Index scores, individualism tends to 
prevail in developed and Western countries, while collectivism prevails in less devel-
oped and Eastern countries; Japan takes a middle position on this dimension. The 
dimension of masculinity-femininity evaluates the delegation of responsibilities be-
tween males and females in societies. In masculine societies, the focus is on competi-
tion and hardship in ideas and materiality, in feminine societies, a person who is 
treated with injustice are paid attention to. In Hofstede Masculinity versus Femininity 
Index scores, masculinity is high in Japan, in German speaking countries, and in some 
Latin countries like Italy and Mexico; it is moderately high in English speaking West-
ern countries; it is low in Nordic countries and in the Netherlands and moderately low 
in some Latin and Asian countries like France, Spain, Portugal, Chile, Korea and 
Thailand. Long term perspective are societies which encourage righteous (stamina 
and economics) for future rewards. Short term perspective describes societies that 
encourage righteous regarding now and the past like as respect regarding customs and 
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following society's necessities. Both two positive and negative perspective of this 
dimension are found in Confucius teachings and are applicable for all companies. 
Long-term oriented are East Asian countries, followed by Eastern- and Central Eu-
rope. A medium term orientation is found in South- and North-European and South 
Asian countries. Short-term oriented are U.S.A. and Australia, Latin American, Afri-
can and Muslim countries. 

2 Methods 

Data. The data were derived from the narrative description of incident occurring in 
commercial airlines between 2009 and 2011. The data set comprised of 31 incident 
reports, these report included specific causes and 72 safety recommendations which 
was suggested by investigators to improve specific human error. After compiling, the 
final list was consisted of 182 unique recommendations which preserve the intent of 
original investigators and readiness for future analysis.  

Classification Framework. This empirical study used the HFIX framework as de-
scribed in Wiegmann and Shappell 〔13〕. The front side of HFIX pits the unsafe acts 
against the five different approaches. The unsafe acts were described as operators 
commit active failure which includes decision errors, skill-based errors, perceptual 
errors and violation. On the other hand, reducing these unsafe acts can adopt follow-
ing approach, organizational/administrative, human/crew, technology/engineering, 
task/mission and operational/ physical environment. 

Coding Process. Each incident report was coded by two participants(one with doctor-
al-level background in aviation psychology, the other one with a graduate background 
in management). Both participants were trained together on the HFIX framework for 
10 hours to ensure that they achieved a detailed and accurate understanding to the 
categories of the HFIX. During classification, each incident and its cause were pre-
sented at first. Then each recommendation was independently code into categories by 
two participants based on their similarities. Moreover, participants were instructed to 
pair any HFIX intervention approach with HFACS unsafe acts categories which can 
be remediated by specific intervention. After the initial rating, two participants were 
permitted to discuss their classification to resolve any differences. A final consensus 
classification for each recommendation was then provided for further analysis. 

3 Results 

Sample Characteristic. According to these 31 incident reports, there is no fatality and 
also aircrafts doesn't damage. Among these 31 incidents, 18(58％) occurrences were 
observed by manager/ supervisor , the other 13(42％) were caught by feedback of 
information system. Aircrew were involved 14 incidents, flight attendants involved 4 
incidents, and the other flight support personnel involved 13 incidents. From the pur 
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pose of 182 unique recommendations, 52(29％) of recommendations can apply with  
pilots, the other 32(18％) and 98(53％) can implement with flight attendants and the 
other flight support personnel respectively. 

The Frequency and Percentage of Category in HFIX Framework. A total of 182 rec-
ommendations were analyzed and recorded within the HFIX framework and results 
were showed in Table1. The organizational/administrative approach was involved 76 
(41.1％) recommendations; 63 (35.2％) of recommendations was directed at hu-
man/crew approach and followed by approach of task/ mission 21 (11.4％), the others 
22 (12.1％) recommendations involved technologic/ engineering, and operational/ 
physical environment. Initial results can explain consideration of these investigators, 
which the first step of reducing unsafe acts should deal with organization-
al/administrative issues which include categories of level-4(organizational influence) 
and level-3(unsafe supervision) within HFACS framework. From effectiveness of 
mitigating unsafe acts which is y-axis of HFIX framework, majority concentrates on 
decision errors (83％) and violations (80.2％). In contrast, skill-based errors were 
associated with 57％ of the recommendations followed by perceptual errors (3％).  

Table 1.  

Category of HFIX 

Frequency 
Of 

recommen-
dation 

Percentage 
Of 

recommendation 

Inter-rater Reliability 

Cohen's 
Kappa 

Percentage 
agreement 

x-axis 

Organization-
al/Administrative 

76 41.1％ 0.673 84.1％ 

Human/ Crew 64 35.2％ 0.569 81.3％ 

Technology/Engineering 20 11.0％ 0.897 97.8％ 

Task/Mission 21 11.4％ 0.509 87.9％ 
Operational/Physical 
Environment 

2 1.1％ 0.330 98.9％ 

y-axis 

Decision error 151 83％ 0.656 90.7％ 

Skill-based error 103 56.6％ 0.815 90.7％ 

Perceptual error 7 3.8％ 0.608 96.7％ 

Violation 146 80.2％ 0.512 78.0％ 

Inter-rater Reliability of HFIX Classification. The inter-rater reliabilities assessed 
using Cohen’s Kappa ranged between 0.33 and 0.897, a range of values spanning 
between moderate agreement and substantial agreement. Five HFIX categories ex-
ceeded a Kappa of 0.60, which indicated substantial agreement. Three categories had 
Kappa value 0.41 and 0.6 indicating moderate levels of agreement 〔17〕. Inter-rater 
reliabilities calculated as a simple percentage rate of agreement obtained reliability 
figures between 78％ and 98.9％, also indicating acceptable reliability. 
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4 Discussion 

How does Active Failure Impact with flight Safety. The y-axis of HFIX framework 
comprised decision errors, skill-base errors, perceptual errors and violations, which 
are identified with active failures from Reason's 〔11〕system-wide model of human 
error. Active failures are associated with the performance of first-line operators in 
complex systems and latent failures are characterized as inadequacies or misspecifica-
tions which might lie dormant within a system for a long time and are only triggered 
when combined with other factors to breach the system's defenses.  

From the material of this study, 182 recommendations had the highest ratio(83%) 
at mitigating decision errors. This result can explained that decision errors are prin-
cipal cause of aviation accident and it usually attribute a fault to flight safety 〔18〕〔19〕. 
This study found that aircrew and other flight support personnel commit decision 
errors including inadequate risk assessment, task misprioritization, ignored cau-
tion/warning sign, selecting wrong course of action in a time-constrained environ-
ment. Moreover, recommendations of reducing violation is rated 80% in this study. 
Violations are factors in a incident when the actions of the operator represent willful 
disregard for rule and instructions and lead to an unsafe situation, such as aircrew 
didn't obeyed SOP to reconfirm the notice of dispatcher before take-off and piloted 
wrong aircraft for flight mission, cargo forwarders used inadequate check-list to load 
wrong container and made aircraft flied with unbalance weight and etc. Violation can 
be caught by supervision and information system in organization, but these failures 
could become disaster if upper level managers would not deal with it in time.  

Table 2.  

Intervention Approaches of HFIX 
Recommendation's 

Percentage of 
current study 

Recommendation's 
Percentage of NTSB 

database 

Organizational/Administrative 41.1％ 34.18％ 

Human/ Crew 35.2％ 11.47％ 

Technology/Engineering 11.0％ 31.20％ 

Task/Mission 11.4％ 23.16％ 

Operational/physical environment 1.1％ N/A 

Note: The recommendation's percentage of USA National Transportation Safety 
Board(NTSB) is taken from Shappell and Wiegmann ' A methodology for assessing safety 
program targeting human error in aviation'〔13〕 
Results of comparing this study data with National Transport Safe Board 

U.S.(NTSB) was showed at Table 2. Organizational/administrational approaches get 
the highest ratio from both investigators' recommendations to mitigate human errors, 
but rank of other approaches are difference obviously. This phenomenon may occa-
sion with national culture 〔16〕. Asian  countries tent to higher power distance and 
collectivism that subordinates have high dependency to superiors and don't disagree 
with superiors directly. There is a real instance of this study, which can explain effect 
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of national culture. At taxing operations in unfamiliar airport, the pilot officer paid 
concentration with circumstance of runway and neglected aircraft approaching the 
stop line gradually. But the co-pilot may be affected by deference of hierarchy and 
experience and didn't remind pilot officer. The aircraft passed stop line over 3 inches 
finally and made the other aircraft which is preparing for landing has to go around. 
This study found that implementing the recommendations of “human/crew”  
approaches can improve reaction and communication of aircrew affected national 
culture.   

Analysis of Recommendation under HFIX Framework. Depend on past studies, 
the objective was to provide probabilities for the co-occurrence of categories across 
adjacent levels of the HFACS to establish how factors in the upper (organizational) 
levels in the framework affect categories in lower (operational) levels 〔12〕. That is 
fallible decisions in upper management levels affect supervisory practices directly( 
level-3), thereby creating the psychological preconditions for unsafe acts and hence 
indirectly impairing the performance of pilots, ultimately leading to accidents. This 
study found that organizational/ administrative and human/crew approaches has the 
highest ratio. Obviously, investigators assert remedial solution for unsafe acts by way 
of organizational/ administrative approaches fall in categories of level-4 organization-
al influences, level-3 unsafe supervision and level-2 preconditions of unsafe acts. 

This study has demonstrated that the HFIX framework can be applied to mitigating 
human errors with five different approaches and diversify remedial solutions were 
showed in Table 3.   

Table 3.  

Intervention Approach of HFIX  Frequency Percentage 

Organizational/ 
Administrative 

Rule, regulations and policies 15 8.2％ 

Information management and 
communication 

59 32.0％ 

Research and special study 0 0.0％ 

Human resource management 1 0.5％ 

Human/ 
Crew 

Selection 1 0.5％ 

Training 27 14.8％ 

Job assignment 2 1.1％ 

Motivation 19 10.4％ 

Crew interaction 3 1.6％ 

Technology/ 
Engineering 

Design/Repair 21 11.5％ 

Inspection 3 1.6％ 

Task/Mission 
Procedure 28 15.2％ 

Manual 1 0.5％ 

Operational/Physical  
Environment 

Physical environment 2 1.1％ 

Technological environment 0 0.0％ 

Total 182 100％ 
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Organizational/Administrative Approaches. This approach focus on the way in which 
the organization and supervisors may need to change to improve safety 〔20〕. Among 
182 unique recommendations of this study, there are 59(32%) recommendations be-
long to category of “information management and communication” and investigators 
suggested that improving managers/supervisors involvement and oversight/monitor 
can change safety culture of organization, enhance awareness of hazard and risk of 
front-line operators. Moreover, 15(8.2%) recommendations were classify into ”Rule, 
regulations and policies" category and these investigators suggested that manag-
ers/supervisors should pay more concentration on establishing, issuing, modifying and 
revising the navigation route map, standard operation process(SOP) and regulations to 
ensure those items not out-of-date. Subsequently, the recommendations of “human 
resource management” were to apply policies of human resource management, such 
as selection, incentive, and promotion, to built upon safety culture of  organization. 

Based on the assertion of organization behavior perspective 〔9〕, first-line operators of 
flight mission occur errors and subsequent accident when managers and/or supervisors 
fail to set up basic conditions within the organization that promote flight safety 〔11〕. 
Therefore these recommendations of organizational/administrative approach can be 
implemented to create restricted mechanism and the upper level managers/supervisors 
involvement and incentive  can reinforce safety culture of organization.  

Human/crew Approaches. Flight operations requires aircrew to interact with other 
flight support personnel, such as air traffic controllers, dispatchers, ground crew, 
maintenance personnel, and flight attendants. Therefore, 64 (35.2%) recommenda-
tions were classified in these approaches and these recommendations focus on change 
or improve the individual worker or work team to enhance situation awareness and 
job satisfaction. This study found that “training” has the highest rate(14.8%) of rec-
ommendations in human/crew approaches and investigators had suggestions such as 
holding training course with qualified trainer periodically, enhancing front-line opera-
tors situation awareness and professional skill with scenario-base training. Other rec-
ommendations of this approach  has second highest rate in category of “incentive” 
(10.4%) and implementable suggestions include building objective and workable 
apprising system and reward for safe behavior. On the other hand, “crew pairing” 
should consider with items of experience, personality, language, or other critical fac-
tors; “job assignment” should consider with operators' circadian rhythms, especially 
arrange work break to reduce operator fatigue and maintain alertness in long-distance 
flight. Result of this study match with assertion of psychosocial perspective that air-
crew pairing has to base on their level of experience, flight skills and personalities and 
develop crew resource management(CRM) training to improve interaction and com-
munication between partners 〔9〕. Additionally, the recommendations of " hu-
man/crew" approach would benefit teamwork and create harmonious collaboration in 
developed and Western countries which tend to prevail individualism. 

Technology/Engineering Approaches. This approach focuses on change or improve-
ment in tools, technology, and job aids to remediate  human errors. This study found 
that 21 (11.5%) recommendation, which come from investigators and are classified 
into “technology/engineering” approaches, belonging to design/maintain. Implement-
able suggestions include improving warning or alarms to increase operators' aware-
ness of abnormal conditions, developing new system t enter into “failsafe” mode 
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problems occur, and scheduling survey new technologies or products in market. 
Moreover, the equipment which possess critical function should prove adequate spare 
parts or redundancy and SOP to prevent breakdown or interference during operation. 
According to the ergonomics and systems perspective, pilot performance is the result 
of a complex interaction among several factors 〔8〕. Flying an aircraft is a very com-
plicated and dynamic task, as well as pilots interact with high-tech airplanes and 
cockpit equipment and must safely operate their aircrafts in all type of weather condi-
tions. Therefore, recommendations of "technology/Engineering" are improving man-
machine interface, altimeter and airspeed indicator instrument, autopilot system and 
flight management system(FMS) to reduce the opportunity for pilot committing error 
and even these errors can be caught by airplane computer. 

Task/ Mission Approaches. This approaches focus on way of changing operators' task 
to reduce errors and improve flight safety. This study found that recommendations of 
“Procedure” has the highest rate(15.2%) of this approaches and investigators'  recom-
mendations include using checklist or automatic facilities to reduce requirement for 
human memory, performing double-check with team member to avoid  errors occur-
ring in important steps, developing reward system to reinforce the behaviors of com-
pliance with safe work practices. Regarding with Recommendations of “manual”,  
investigators suggest that redesigning procedure and checklist to be clearer or more 
user-friendly; rewriting procedure to delete ambiguous or inapplicable safety criteria. 
The assumptions of cognitive perspective that pilot's mental operation include things 
such as information recognition, problem diagnosis, goal setting, and strategy selection 〔5〕 and pilot errors are believed to occur when one or more of these mental operations 
fail to process information appropriately 〔6〕. The recommendations of “task/mission” 
approaches can applied to discipline pilots processing information with efficient me-
thod, modify task to reduce aircrew's work-load and opportunity for error. 

5 Conclusions 

The Human Factors Analysis and Classification System (HFACS) is based on Rea-
son’s model of human error, it described that active failures associated with the per-
formance of front-line operators in complex systems, and latent failures which lie 
dormant within the system, combine with other local factors to breach a system’s 
defaces. Active failures of operators have a direct impact on safety.  However, latent 
failures are spawned in the upper levels of the organization and are related to man-
agement and regulatory structures. On the other hand, the Human Factors Intervention 
Matrix (HFIX) is applied to develop intervention strategy of human errors with 5 
difference approaches. This study found major recommendations were directed at 
organizational/ administrative and human/crew approaches respectively. Moreover, 
the most effective interventions focus on decision errors and violations. Human error 
is the principal threat to flight safety. In a worldwide survey of causal factors in 
commercial aviation accidents, in 88% of cases the crew was identified as a causal 
factor; in 76% of instances the crew were implicated as the primary causal factor.  
This research has demonstrated that the HFIX framework can be applied to improve 
human errors by way of five different approaches.  It also has suggested that decision 
error and violations are critical issues of aviation safety and these can be improve by 
training and organizational administration for developing safety approaches. 
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