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Human error is responsible for the majority of accidents in complex 

environments including helicopter operations. To reduce the overall accident rate 

throughout the helicopter industry, we must first understand how helicopter missions 

differ from one another and what errors lead to accidents. 

The research documented in this dissertation involved a series of three studies. 

The first study sought to identify how helicopter mission types differ through pilot 

interviews. Using information gleaned from pilot interviews hierarchical task analysis 

(HTA) models were developed and compared to one another. The study revealed that 

some tasks related to mission planning, taxiing, departing an airport, and flying en route 

to a location are shared by missions while more detailed tasks, such as hoisting 

operations, are specific to particular mission types.  

The second study applied three human error frameworks to a set of 60 helicopter 

accident reports and evaluated each on comprehensiveness, reliability, analyst 

confidence, and application time. The Human Factors Analysis Classification System 



 

(HFACS) was identified as the human error framework that was best suited for future 

helicopter accident report analysis studies.  

The third study combined the finding of the first two studies by applying 

HFACS to a set of 691 United States helicopter accidents. Pilot and flight 

characteristics were evaluated along with the types of human error identified. Mission 

type, phase of flight, time of day, meteorological conditions, and the number of 

crewmembers had significant effects on error classifications. Pilot age, total flight 

hours, total flight hours on the make and model of the accident aircraft and 

qualifications also had significant effects on error classifications.  
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1 Introduction 

 

1.1 Background 

Research has repeatedly found that human error is at least partially responsible for 

seventy to eighty percent of accidents in complex environments including nuclear power 

plants (Jung, Yoon, & Kim, 2001; Sheridan, 1980), medical domains (Gawron, Drury, 

Fairbanks, & Berger, 2006), and fixed wing aircraft (Shappell & Wiegmann, 1997). 

Various human error frameworks have been created and applied to explain the underlying 

causes of such accidents (Rasmussen, 1982a; Reason, 1990; Shappell & Wiegmann, 1997, 

2000).  While helicopter accidents have been analyzed to determine casual factors (Fox, 

2002; U.S. Joint Helicopter Safety Analysis Team, 2011), human error frameworks have 

been applied minimally to the analysis of helicopter accidents in the United States despite 

the complexity present within the cockpit. 

Helicopters are essential for completion of critical missions that are impossible for 

fixed-wing aircraft, such as search and rescue efforts and medical support, since they can 

operate around rough terrain and require minimal ground infrastructure. While helicopters 

are essential in emergencies, the public generally views them as unsafe.  In 2009, non-

commercial helicopters had an accident rate of 7.40 accidents per 100,000 hours compared 

to non-commercial fixed wing aircraft that had an accident rate of 6.60 accidents per 

100,000 flight hours (Air Safety Institute, 2010). 

In 2006, a team of government and industry leaders determined that the current 

helicopter accident rate was too high and set a goal to reduce the international civil 

helicopter accident rate by 80% (Canadian Joint Helicopter Safety Analysis Team, 2007). 

The International Helicopter Safety Team (IHST) was created to investigate helicopter 

accident reports and to create a series of recommendations to prevent future accidents.  A 

2011 report from the U.S. Joint Helicopter Safety Analysis Team (US JHSAT) was 

published that summarized the findings from 523 National Transportation Safety Board 

(NTSB) civil helicopter accident reports (U.S. Joint Helicopter Safety Analysis Team, 

2011). The report noted that 84% of the helicopter accident reports analyzed were primarily 
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caused by “pilot judgments and actions”. The report identified that a majority of accidents 

caused by “pilot judgments and actions” were attributed to the pilots’ loss of situational 

awareness. 

Despite industry’s efforts to improve helicopter safety, further exploration of “the 

unique characteristics of helicopter operations” was included on the NTSB’s 2014 top ten 

most wanted list due to the continuous growth of the industry and the variety of mission 

types (National Transportation Safety Board, 2014).  Again, in 2015 “enhancing public 

helicopter safety” was added to the NTSB’s top ten most wanted list (National 

Transportation Safety Board, 2015). Figure 1 shows the United States civil helicopter 

accident trends from 2007 to 2016. Of note, a greater decline in the accident rate has been 

observed from 2013 to 2016, reflecting a total 27% reduction in accidents within the United 

States from 2006 to 2016 (International Helicopter Safety Team, 2017). While there has 

been on average a reduction of accidents by 2% worldwide per year, the helicopter 

community fell short of reaching their goal of an 80% reduction in accidents by 2016 

(International Helicopter Safety Team, 2014). While the helicopter community has made 

efforts to improve the mechanical issues, a great deal of work remains to understand and 

mitigate the causes of human error. 
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Figure 1. United States civil helicopter accident trends from 2007 to 2016. Since the start 

of IHST in 2006 there has been a downward trend in accidents at an annual rate of 2% 

worldwide , but it is not sufficient to meet the goal of an 80% reduction in accidents by 

2016. Data Source (International Helicopter Safety Team, 2014; International Helicopter 

Safety Team, 2017).  

1.2 Problem Statement 

The cumulative research documented in this dissertation sought to identify the 

leading causal factors that result in helicopter accidents and how such errors are affected 

to pilot and flight characteristics. 

Pilot characteristics include age, rotorcraft flight hours, flight hours on the make 

and model of aircraft, and types of rotorcraft certifications. Flight characteristics include 

mission type, phase of flight, crew composition, meteorological conditions, and time of 

day.  

1.2.1 Sub-Problem 1 

Each type of helicopter mission has unique characteristics including variations of 

standardized tasks, crew composition, and information requirements. The differences 

between mission types have not been clearly documented. 
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1.2.2 Sub-Problem 2 

Human error frameworks have been created for other domains including fixed-wing 

aviation, but have not been created to address the unique needs of rotorcraft operations. 

This dissertation sought to identify what human error framework is best suited for the needs 

of error classification for helicopters or to modify an existing framework to make it more 

suitable for helicopter accident report analysis.  

1.2.3 Sub-Problem 3 

Pilot and flight characteristics that affect the likelihood of helicopter accidents have 

been identified in several prior studies, but the effect of such characteristics on the types of 

error leading to events have yet to be explored. This dissertation sought to identify pilot 

and flight characteristics that lead to accidents as well as how these characteristics impact 

the types of errors that occur. 

1.3 Research Questions 

Research questions were created to address the four sub-problems: 

1.3.1 Sub-Problem 1 Research Questions 

RQ 1.1  How do tasks differ between mission types? 

1.3.2 Sub-Problem 2 Research Questions 

RQ 2.1  Which human error framework is most comprehensive for 

capturing details of errors that contribute to helicopter accidents? 

RQ 2.2 Which human error framework has the highest inter-rater 

reliability when two or more analysts classify a set of helicopter accident reports? 

RQ 2.3  Which human error framework are analysts most confident in? 

RQ 2.4  Which human error framework has the lowest average 

application time across accident reports? 

1.3.3 Sub-Problem 3 Research Questions 

RQ 3.1  How do flight characteristics affect the types of error that result 

in accidents? 
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RQ 3.2  How do pilot characteristics affect the types of error that result in 

accidents? 

RQ 3.3  What interactions of flight characteristics (e.g. mission type, 

number of engines, phase of flight, etc.) and pilot characteristics (e.g. age, flight 

hours, flight hours within the make and model, certifications, etc.) affect the types 

of error that result in accidents? 

1.4 General Hypotheses 

Based on a synthesis of prior helicopter literature, described in Chapter 2, it was 

hypothesized that the likelihood of particular types of errors is affected by flight 

characteristics (e.g. mission type, phase of flight, crew composition, etc.) and pilot 

characteristics (e.g. age, flight hours, flight hours within the make and model, 

certifications, etc.).  

1.5 Research purpose 

The helicopter community has come together in an effort to drastically reduce the 

number of helicopter accidents worldwide (Canadian Joint Helicopter Safety Analysis 

Team, 2007). While accidents are declining at an annual rate of two percent, there is still 

much room for improvement (International Helicopter Safety Team, 2014). Prior studies 

have found that pilot error is at least partially responsible for 44% (Manwaring, Conway, 

& Garrett, 1998) to 84% (U.S. Joint Helicopter Safety Analysis Team, 2011) of helicopter 

accidents. Since approximately 90% of operators have a fleet of five or fewer helicopters 

(European Helicopter Safety Team, 2010), it is imperative to determine what types of latent 

errors cause the greatest threat to rotorcraft and crew safety in different mission types, so 

that small operators can receive the greatest “bang for their buck” when implementing 

safety strategies. 

1.6 Research Objective 

The primary objective of this research was to determine the types of human error 

that reside across and within different helicopter mission types. Additionally, the research 

sought to determine what flight and pilot characteristics influence the likelihood of specific 

types of errors occurring. To best capture the manifestation of human error across a range 
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of helicopter mission types, an accident report analysis was performed using a human error 

framework.  

Past studies have applied one of two types of frameworks: (1) result-driven 

frameworks or (2) human error frameworks. Result-driven frameworks capture what 

happened, but fail to capture latent errors that explain why the event happened. The Human 

Factors Analysis Classification System (HFACS) has been the primary human error 

framework applied to helicopter accidents, but prior to this research no one had verified 

that HFACS is the best framework to use within the domain. To accomplish the primary 

objective, a comparison of existing frameworks was performed to determine the best 

human error framework to use when analyzing helicopter accidents in the future. 

1.7 Delimitations 

1.7.1 Limitations 

There are several limitations associated with accident report analysis. The 

limitation discussed most often is the occurrence of hindsight bias from pilots reporting 

incidents or of investigators that produce accident reports. Hindsight bias occurs when 

the outcome is already known, thus investigators and/or incident reporters assume that 

the probability of the outcome was higher than any alternative outcomes, even if that was 

not the case (Woods, Dekker, Johannesan, & Cook, 2010). Additionally, the second hand 

data that is already biased is further influenced by the biases of the analysts performing 

the accident report analysis. 

Incomplete information within accident reports has also been a problem in past 

studies (European Helicopter Safety Team, 2010) and proved to be a limitation when using 

some frameworks in the human error framework comparison study (i.e., Study 2). 

Investigators struggle to obtain all relevant information about accidents especially when 

members of the crew have died from the crash and the investigators tend to make some 

assumptions and have some bias about the causes of the accident. Analysts using the 

accident reports also struggle to obtain enough information to definitively select an error 

classification at times. While the limitations presented above are common amongst the 
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majority of accident report analysis studies, specific limitations that influenced the studies 

presented in this dissertation will be discussed later. 

1.7.2 Assumptions 

Several assumptions were made in this research. The goal of this research was to 

create a list of specific mitigation strategies for various helicopter mission types. To create 

a set of helpful recommendations, the reports being analyzed were assumed to be 

representative of the errors present within the helicopter community. Additionally, the 

research sought to identify which framework is best for analysis of helicopter accident 

reports. Due to time constraints, all existing frameworks were not evaluated against the set 

of reports, thus it is assumed that in the small set of frameworks selected there would be at 

least one satisfactory framework. Furthermore, there is the assumption that a satisfactory 

framework for helicopter operations exists or can be created. 

1.8 Relevance of this Study 

1.8.1 Need for this Research 

It is imperative that the helicopter community understand the unique characteristics 

and safety challenges associated with each of its mission types. By understanding the 

differences between mission types, mitigation strategies can be tailored to missions so that 

small operators can implement safety measures that target their greatest threats. 

To move toward a reduced accident rate several specific needs were addressed: 

1. The unique characteristics of helicopter mission types has yet to be 

documented and made available to the public. It is crucial that researchers 

understand how missions differ before suggesting mitigation strategies. 

2. The helicopter community needs to identify and validate a human error 

framework that captures the errors responsible for accidents.  

3. The helicopter community needs to understand the errors that are specific 

to missions and further targeted research needs to be done. 

1.8.2 Benefits of this Research 

This research has created and made publicly available task analysis models of 

various helicopter mission types so that the helicopter community and future researchers 
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can systematically compare the differences in tasks required to successfully complete 

missions. This dissertation also evaluated multiple human error frameworks to identify the 

framework that is best suited for application to helicopter accident reports. Additionally, 

the research documented the errors most common in different missions. The errors were 

compared to tasks within missions to identify the most dangerous times within each 

mission and where research should be focused to achieve the maximum increase in safety 

using minimal resources. The culmination of this research led to suggested mitigation 

strategies that should be further researched and validated in the future. 

The findings of this research have contributed to a series of suggested mitigation 

strategies that are designed to target specific types of human error that are commonly 

presented in specific tasks or mission types. When certain types of human error are present 

only in a certain mission type, the suggested mitigation strategies target the specific actions, 

protocol, and culture of the mission. When findings show certain types of human error 

present only in a certain task that is shared across mission types, the mitigation strategies 

target a broader solution that can be implemented through the industry or government. 

1.9 Research Outputs and Outcomes 

This research has produced the following: 

1. Three helicopter mission task analysis models 

2. A comparison of the unique characteristics of helicopter missions using the 

task analysis models 

3. A comparison of three human error frameworks to a subset of accident 

reports that led to the identification of the human error framework that is 

appropriate for helicopter accident report analysis. The frameworks were 

assessed by comprehensiveness, reliability, analyst confidence, and 

application time.  

4. A helicopter accident report analysis that identified the errors most common 

in mission types. 

5. A set of proposed mitigation strategies that can be addressed in future 

research. 
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1.10 Overview of Dissertation 

Chapter 2 of this dissertation provides a literature review of existing human error 

frameworks and accident report analyses that utilize such frameworks. Findings from prior 

helicopter research studies are presented and synthesized in addition to a conceptual model 

of what impacts the errors leading to helicopter accidents. Chapter 3 presents the research 

objectives of this dissertation and outlined the general approach taken to meet those 

objectives.  

Chapters 4 through 6 present the methodology, results, and discussion of the three 

studies that were conducted. Chapter 4 details the methods used and findings from an initial 

exploratory interview study that was performed with pilots from different mission types. 

Hierarchical task analysis (HTA) models were developed for helicopter air ambulance 

(HAA), maritime search and rescue (SAR), and charter operations. The HTA models were 

compared to identify the unique characteristics of each mission; while the mission types 

share tasks related to flight planning, takeoff, climb, and en route procedures the 

communication tasks differ. Additionally, maritime SAR missions require decisions to be 

made about extraction procedures and additional tasks associated with use of a hoist. The 

differences in each mission type distinguish vulnerabilities for human error. 

Chapter 5 presents a preliminary study that was performed to evaluate the 

effectiveness of three existing human error frameworks when applied to helicopter accident 

reports. The three human error frameworks evaluated were: the Human Factors Analysis 

Classification System (HFACS), the Technique for the Retrospective and Predictive 

Analysis of Cognitive Errors (TRACEr), and the Systematic Occurrence Analysis 

Methodology (SOAM). The frameworks were evaluated on comprehensiveness, inter-rater 

reliability, analysts’ confidence, and application time. From the preliminary study, HFACS 

was selected as the human error framework that is best suited for the needs of helicopter 

accident report analysis.  

Chapter 6 presents the methodology, results, and a brief discussion of a 

comprehensive accident report analysis that was performed using HFACS on a set of 691 

helicopter accident reports. The study determined that mission type, phase of flight, crew 

composition, time of day, and meteorological conditions affect the likelihood of some 
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HFACS classifications. Classifications were also affected by pilot characteristics including 

age, total flight hours, and certificates. Pilot experience on the make and model of the 

accident aircraft did not affect the likelihood of classifications. 

Chapter 7 discusses the finding of the research as well as the limitations of each 

study. Chapter 8 presents the conclusions of this research as well as recommendations for 

future work and mitigation strategies to reduce the likelihood of certain errors. 
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2 Literature Review 

 

2.1 Introduction 

In this chapter, accidents and incidents are defined. The general method as well as 

the positive and negative characteristics of various accident report analysis methods are 

discussed. Existing human error frameworks are also explored. Additionally, a background 

on helicopter operations and related helicopter human error research is presented. 

2.2 Definitions 

This section provides definitions that play a crucial role within the key themes of 

the proposed research. There are many terms that are specific to aviation and human error 

frameworks within this document. For a glossary of terms used within this report, see 

Appendix A.  

2.2.1 Accidents and Incidents 

2.2.1.1 Accidents 

In daily routines, accidents are adverse events that are unexpected. Within the 

aviation domain, a legal definition of an accident is required since the classification of an 

accident determines the level of investigation and regulator procedures that are 

subsequently needed. The International Civil Aviation Organization (ICAO) is an 

international agency created by the United Nations to develop international aviation 

standards and procedures. ICAO defines an accident as follows (International Civil 

Aviation Organization, 2009): 

An occurrence associated with the operation of an aircraft which takes place 

between the time any person boards the aircraft with the intention of flight until 

such time as all such persons have disembarked, in which: 

a) a person is fatally or seriously injured as a result of 

- being in the aircraft, or 

- direct contact with any part of the aircraft, including parts which have become 

detached from the aircraft, or 

- direct exposure to jet blast, 
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except when the injuries are from natural causes, self inflicted or inflicted by 

other persons, or when the injuries are to stowaways hiding outside the areas 

normally available to the passengers and crew: or 

b) the aircraft sustains damage or structural failure which: 

- adversely affects the structural strength, performance or flight characteristics of 

the aircraft, and 

- would normally require major repair or replacement of the affected component, 

except for engine failure or damage. when the damage is limited to the engine, its 

cowlings or accessories: or for damage limited to propellers, wing tips, antennas, 

tires, brakes, fairings, small dents or puncture holes in the aircraft skin: or 

c) the aircraft is missing or is completely inaccessible. 

Note I.-- For statistical uniformity only, an injury resulting in death within thirty 

days of the date of the accident is classified as a fatal injury by ICAO. 

While many European countries follow ICAO’s Annex 13 definition, the United 

States Federal Aviation Administration (FAA) defines an aircraft accident as: 

 

An occurrence associated with the operation of an aircraft which takes place 

between the time any person boards the aircraft with the intention of flight and all 

such persons have disembarked, and in which any person suffers death or serious 

injury, or in which the aircraft receives substantial damage (Federal Aviation 

Administration, 2010). 
 

2.2.1.2 Incidents 

Generally, society views incidents and accidents as synonyms; the Merriam-

Webster (2015) dictionary defines incident as, “an unexpected and usually unpleasant thing 

that happens”. In aviation, incidents and accidents differ based on the severity of the 

event’s outcome. Both ICAO and the FAA define an incident as:  

 

An occurrence other than an accident associated with the operation of an aircraft, 

which affects or could affect the safety of operations (Federal Aviation 

Administration, 2010; International Civil Aviation Organization, 2009). 
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2.2.2 Errors 

Normally errors refer to something that is not done properly (Merriam-Webster, 

2015). In every day conversation an error may sound very similar to an accident, incident, 

or mishap, however, within aviation an error is a deviation from normative procedures 

while incident or accident is an adverse event caused by errors. Traditionally errors were 

thought to be made solely by machines or by human operators. Today, engineering, 

psychology, and human factors fields view errors as deviations that are results of active 

failures by humans and machines or latent errors created within the physical, socio-

technical, or political environment (Reason, 1990). Within aviation human error has 

repeatedly been identified as being a causal or contributing factor in approximately 80% 

of accidents (Shappell & Wiegmann, 1997; U.S. Joint Helicopter Safety Analysis Team, 

2011). 

2.2.2.1 Human Error 

Hollnagel (1998) suggests that in order for there to be an error, there first must be 

a performance standard or normative criterion. Additionally, the error must be an event or 

action that results in a degradation of performance that is committed by a person who would 

be expected to be interacting with the system (Hollnagel, 1998). In this dissertation 

Leveson’s (2004) definition of human error is used, where human errors are deviations 

from stated performance or the normative sequence of events. 

2.2.2.2 Active Error 

Active failures or active errors are defined as “errors whose effects are felt almost 

immediately” (Reason, 1990, p. 173). An active error is an action or lack of action that sets 

off the chain of events ultimately resulting in an incident or accident. Most commonly 

active errors are made by the human operator. 

2.2.2.3 Latent Error 

Latent errors or latent failures are defined as “errors whose adverse consequences 

may lie dormant within the system for a long time, that only become evident when they 

combine with other factors to breach the system’s defenses” (Reason, 1990, p. 173). Latent 

errors could include pre-existing states of the operator, operation within a dangerous 
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environment, or company policies and government procedures that allow for unsafe 

behavior (Reason, 1990). 

2.2.3 Human Error Frameworks and Human Error Identification Tools 

Scientific efforts to understand human error have been occurring for over the past 

half century. To understand the intricacies of such error, human error frameworks or human 

error models have been created. The frameworks are used to describe and classify types of 

cognitive errors as well as other factors that may lead to the occurrence of cognitive errors. 

In the early 1980s, Human Error Identification (HEI) tools started to emerge (Stanton et 

al., 2013). HEI techniques added more rigidity and structure to prior human error 

frameworks. Structure was often added through the use of taxonomies that provide clear 

descriptions for how to categorize different types of errors. HEIs are often used to predict 

types and likelihoods of different accidents so mitigation strategies can be designed.  

HEIs can be prospective, retrospective, or both prospective and retrospective 

(Stanton et al., 2013). Prospective HEI techniques are used to evaluate an existing system 

or system design before adverse events occur. Prospective techniques often use a task 

analysis and then determine what could go wrong given a specific set of events that have 

occurred (Stanton et al., 2013). Retrospective HEI techniques analyze a specific adverse 

event or a set of adverse events to understand emergent features and trends within a domain 

(Stanton et al., 2013). By understanding the common occurrences in a set of reports, 

mitigation strategies can be identified and implemented to reduce the likelihood of similar 

adverse events occurring in the future. 

2.2.4 Phase of Flight 

Phase of flight is defined by ICAO’s Commercial Aviation Safety Team (2013) as 

“the period within a flight”. In aviation operations phases of flight include: standing, 

pushback and towing, taxi, takeoff, climb, en route, maneuvering, approach, landing, 

emergency descent, uncontrolled descent, post impact, and unknown (Commercial 

Aviation Safety Team / Common Taxonomy Team, 2013). Some of the phases of flight 

listed, such as pushback and taxi, are much more common in fixed-wing operations than 

in helicopter operations. 
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Teixeira (2006) identified helicopter phases of flight as: pre-flight, engine start, taxi 

out, hover out, air taxi out, takeoff, climb, cruise, descent, final approach, go around, touch 

and go, air taxi in, hover in, taxi in, landing, and engine stop. Nascimento (2014) used 

parked, taxi, takeoff, cruise, approach, and landing. 

In this research phases of flight are as follows: 

 Standing – Standing is the period of flight when the helicopter is on the 

ground and stationary. Standing includes times when the engine is off, when 

the engine is being started, when the engine is operating, but the helicopter 

is stationary, and when the helicopter is being turned off (Commercial 

Aviation Safety Team / Common Taxonomy Team, 2013). 

 Taxi – Taxiing is the phase of flight when the helicopter is moving near or 

on (if the helicopter has wheels) the surface using its own power 

(Commercial Aviation Safety Team / Common Taxonomy Team, 2013).  

Taxiing includes when the helicopter is maneuvering between its parking 

location and its takeoff or landing location (Commercial Aviation Safety 

Team / Common Taxonomy Team, 2013). When fixed wing aircraft taxi, 

they use the power of the engine and the wheels of the aircraft; helicopters 

will fly at a very low altitude along taxiways or use the engine and wheels 

if the helicopter is so equipped (Teixeira, 2006). 

 Takeoff – Takeoff is the phase of flight where takeoff power and climb 

gradient is applied to the helicopter so that a takeoff speed, set in the 

helicopter flight manual, is met. Takeoff occurs from the takeoff location 

up to an elevation of 35 feet above the take-off location or runway 

(Commercial Aviation Safety Team / Common Taxonomy Team, 2013). 

The takeoff phase of flight also includes rejected takeoffs or landbacks 

when a decision to terminate the takeoff is made (Commercial Aviation 

Safety Team / Common Taxonomy Team, 2013). 

 Initial Climb – Climb occurs from takeoff until the power is reduced, an 

elevation greater than 1,000 feet is attained, or the helicopter enters into the 
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visual flight rules pattern (Commercial Aviation Safety Team / Common 

Taxonomy Team, 2013). 

 En route – The en route phase of flight occurs after the initial climb up to 

the start of the initial descent. This phase of flight includes climbing past 

the initial climb, cruising, changing altitude during cruise, descent from the 

cruise altitude to enter into the landing pattern, and holding within a 

specified airspace (Commercial Aviation Safety Team / Common 

Taxonomy Team, 2013). 

 Maneuvering – Maneuvering is intentional low altitude flight that includes 

aerobatics and low flying that is not connected with landing or takeoff 

(Commercial Aviation Safety Team / Common Taxonomy Team, 2013). 

Maneuvering includes hovering and external load operations (Commercial 

Aviation Safety Team / Common Taxonomy Team, 2013).  

 Approach – Approach occurs from the initial approach fix (IAF) or from 

entry into the visual flight rules (VFR) pattern up to the start of the landing 

flare (Commercial Aviation Safety Team / Common Taxonomy Team, 

2013). 

 Landing – Landing occurs from the start of the landing flare up through the 

point that the helicopter exists the landing area (Commercial Aviation 

Safety Team / Common Taxonomy Team, 2013). The landing phase of 

flight includes both vertical and running landings (Commercial Aviation 

Safety Team / Common Taxonomy Team, 2013). 

2.2.5 Mission Type 

For the purposes of this research mission type or mission set is the type of work or 

operation that the helicopter is most commonly used for (Roskop, 2014). The type of 

mission the helicopter is performing influences the task sequences required as well as other 

characteristics of the flight including possible terrain, time of day, and altitude that the 

helicopter is operating. Mission types include aerial application of agricultural products 

(e.g., pesticides), aerial observation, air tour/sightseeing, business, commercial, electronic 

news gathering, helicopter air ambulance (previously referred to as helicopter emergency 



17 

 

 

medical services), external load, firefighting, instructional/training, law enforcement, 

logging, transporting workers to offshore oil operations, personal/private, and utilities 

patrol/construction (U.S. Joint Helicopter Safety Analysis Team, 2011). Descriptions of 

each mission type are provided in Appendix A. 

2.3 Report Analysis using Human Error Frameworks 

When an aviation accident occurs, the National Transportation Safety Board 

(NTSB) forms an accident investigation team to understand what led to the mishap, who is 

liable, and to suggest mitigation strategies to avoid such events in the future. During such 

investigations, human error is commonly cited, within approximately 80% of mishap 

reports, as a contributing or primary cause of the accident (Shappell & Wiegmann, 2004). 

The trouble with identifying human error as a cause of the accident is that the label of 

‘human error’ is highly controversial, prejudicial, and unspecific (Woods et al., 2010). By 

using the term ‘human error’ the blame is often put directly on the pilot, but latent failures 

within the system are often overlooked (Reason, 1990). Latent failures include errors 

caused by pre-existing conditions, management, or the larger organization that are often 

over looked. Past research has found that it is easy to identify active failures by pilots, but 

it becomes increasingly more difficult to trace latent failures up through the organization 

despite their presence (Rasmussen, 1986). With this being the case, stakeholders, 

particularly those in management, like to blame accidents on faulty and unreliable 

employees (Woods et al., 2010). Human factors researchers have tried to shift the focus of 

human error from the pilot to a higher level when the errors committed by pilots are a result 

of a larger systemic process that include organizational influences along with cognitive 

process of individuals (Woods et al., 2010); human error frameworks have become a tool 

within this effort. 

Human error frameworks have long been used as a means to understand the 

phenomenon of error and accidents (Dekker, 2003). By using these frameworks to classify 

incident and accident report data, managers and engineers can understand the underlying 

causes or latent failures that led to the mishap and implement accident mitigation strategies 
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that may increase reliability within the system and decrease the chance of future mishaps 

(Dekker, 2003).  

2.4 Human Error Frameworks 

Error frameworks are used for the categorization and counting of errors that can be 

used as a quantitative source of information to justify the implementation of mitigation 

strategies and other procedural changes by management (Elg, 2001). There are many 

human error frameworks that have been created over the years (Senders & Moray, 1991). 

Rather than attempting to cover all frameworks, this section will provide an overview of 

pivotal frameworks that set the foundation for the field as well as current frameworks that 

are widely used today. 

Wiegmann and Shappell (2001) identified five perspectives that human error 

frameworks can be grouped within: (1) cognitive, (2) ergonomic and system design, (3) 

aeromedical, (4) psychosocial, and (5) organizational. Since 2001 comprehensive 

frameworks have been created to account for errors in all of the five original perspectives, 

so a sixth perspective will also be discussed. 

2.4.1 Cognitive Perspective 

Error frameworks that fit in the cognitive perspective center on information 

processing theories (Wiegmann & Shappell, 2001b). Cognitive error frameworks are used 

to describe a series of mental operations that exist between receiving a stimulus and the 

response output (Wickens & Flach, 988). Cognitive error frameworks are interested in the 

breakdowns that occur in such mental operations in order to explain why human errors 

occurred (Wiegmann & Shappell, 2001b). 

Using frameworks that emphasize the cognitive perspective, it has been found that 

judgment errors are often related to more severe accidents than procedural or response 

errors (Diehl, 1992; Jensen & Benel, 1977; O’Hare, Wiggins, Batt, & Morrison, 1994).  

Limitations to frameworks with cognitive perspectives include having minimal 

definition of procedures, lack of organizational and environmental factors, and a lack of 

task-related factors (Wiegmann & Shappell, 2001b). Additionally, frameworks with a 

cognitive perspective place emphasis on failures of mental operations partnered with the 
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exclusion of other organizational and environmental factors; such emphasis can create the 

view that the pilot is the sole cause of the event which is rarely the case (Wiegmann & 

Shappell, 2001b). 

2.4.1.1 Multifaceted Taxonomy of Human Error and the Internal Human Malfunction 

Classification 

The most well-known and widely referenced human error framework with a 

cognitive perspective is Rasmussen’s (1982) multifaceted taxonomy of human error shown 

in Figure 2. The multifaceted taxonomy was meant to be used as a guide or taxonomic 

algorithm to identify internal human malfunctions that could be used to determine what 

failed (internal human malfunction) as well as how (mechanism of human malfunction) 

and why it failed (causes of human malfunctions) (Rasmussen, 1982b). The framework 

allows researchers to use the narrative of events to identify what errors occurred and why 

such errors arose. 

Rasmussen (1982) suggested the use of an event and task analysis in partnership 

with the taxonomy. Event analysis should be used to identify what stage within the 

information processing process has been performed incorrectly. Task analysis should be 

used to identify what the implications of corrective actions to an error would be. 

The multifaceted taxonomy of human error was later modified by O’Hare, Wiggins, 

Batt, and Morrison (1994) to become the information processing failure taxonomy, shown 

in Figure 3. In the information processing failure taxonomy there are six types of failure: 

information error, diagnostic error, goal error, strategy error, procedure error, and action 

error. Using the model, researchers / analysis coders must determine that a step or steps 

were not performed correctly or were wrongly skipped.  

An information error would occur when the pilot failed to detect a cue from the 

environment or their surroundings regarding a change in the system state; these are 

generally errors that are associated with a pilot’s perception (O’Hare et al., 1994).  

Diagnostic errors occur when a pilot does not correctly diagnose the state of the 

system based on all information currently available (O'Hare, Wiggins, Batt, & Morrison, 

1994). Diagnostic errors are generally linked to missing information or an incomplete 

mental model.  
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Figure 2. The multifaceted taxonomy of human error. Adopted from Rasmussen (1982)1 

 

A goal error would occur if the pilot chose a goal that was not appropriate within 

the current system state (O’Hare et al., 1994). The goals referred to within the information 

processing failure taxonomy should be low-level goals with a large amount of information 

and detail.  

                                                 

1 Reprinted from Journal of Occupational Accidents, Volume 4 Issue 2, Rasmussen, Jens, 

Human errors. A taxonomy for describing human malfunction in industrial installations, 

page 322, Copyright (1982), with permission from Elsevier. 
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A strategy error would occur if the pilot selected a strategy, tactic, or approach that 

would not allow them to achieve their desired goal (O'Hare, Wiggins, Batt, & Morrison, 

1994). A strategy is defined as “the means of achieving a goal” (O'Hare, Wiggins, Batt, & 

Morrison, 1994). Like goal errors, strategy errors also occur in the knowledge-based level 

of processing (O’Hare, 2000). Such errors often occur in new situations where skill- and 

rule-based reasoning has not been developed, thus automatic responses and a set of if-then 

rules have not yet been created. The skill, rule, and knowledge-based behavior discussed 

in this framework was previously defined by Rasmussen (Rasmussen et al., 1981). 

A procedure is defined as “a specification for conducting a set of predetermined 

subtasks that are components of a higher level task” (Degani & Wiener, 1991). A procedure 

error would occur if the pilot did not adopt a procedure or set of specifications that aligned 

with their strategy (O’Hare et al., 1994). Procedure errors are most commonly related to 

rule-based control where the wrong if-then rule is used (O'Hare, 2000). Rasmussen (1982) 

states that a procedure error occurs if the response to the question “Is the sequence of 

elementary acts correctly chosen for the intended task?” is “no”. Procedure errors can 

include errors of omission where a pilot did not perform the needed action or errors of 

commission where pilots implement the wrong procedure in a strong but wrong fashion. 

An action error would occur if the pilot did not execute the procedure as they 

intended (O’Hare et al., 1994). Slips, when an incorrect act was not done intentionally, are 

considered action errors. 

The taxonomy was designed to have a hierarchical structure since professionals 

normally start with top level decisions and work their way to finer levels of detail 

(Rasmussen, 1982a). When an error occurs in routine operations where skill- and rule-

based reasoning is used, generally the first (highest level) malfunction or error is reported. 

Further analysis is required during abnormal operations where knowledge-based reasoning 

is used. 
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Figure 3. Taxonomic algorithm used for classifying information processing failures 

modified from Rasmussen (1982) taxonomy on identifying internal human malfunctions. 

Adopted from (O’Hare et al., 1994).2 

 

While the internal human malfunction category of the multi-facet taxonomy, Figure 

2, led to the information processing failure taxonomy (O’Hare et al., 1994), the multi-

faceted taxonomy also demonstrated the influence that psychological and physiological 

factors can have on information processing failures (Rasmussen, 1982a). Figure 4, created 

by Rasmussen, shows the interactions between the information processing and the 

subjective value of information, psychological mechanisms, physiological functions, and 

                                                 

2 Reprinted from Ergonomics, Volume 37, No. 11, O’Hare, D., Wiggins, M., Batt, R., 

Morrison, D., Cognitive failure analysis for aircraft accident investigation, page 1863, 

Copyright (1994), with permission from Taylor & Francis. 
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anatomical properties. The figure serves as an excellent starting point to discuss the 

influence that psychological and physiological factors can have on information processing 

and human performance. 

From Figure 4, the anatomical properties of the operator, or pilot, are shown to be 

influenced by their physical workload and prior injuries, such anatomical characteristics 

limit the physical capabilities of the pilot. The physical limitations as well as physiological 

stressors impact the physiological functions of the pilot which impact their level of arousal 

or fatigue. The existing levels of arousal, fatigue, and stress experience of the pilot 

influence their psychological and cognitive functions. The psychological and cognitive 

functions of the pilot are also influenced by characteristics within the system or 

environment such as distractions within the helicopter caused by equipment or crew 

members. Psychological and cognitive functions can also be caused by occurrences outside 

the work environment such as the pilot’s emotional stress caused by marital problems. The 

psychological and cognitive mechanisms of the pilot then affect their information 

processing by limiting the mental resources available.  

2.4.1.1.1 Training Methods 

Training methods could not be identified from the literature. 

2.4.1.1.2 Comprehensiveness 

Seventy percent of the reports analyzed by O’Hare et al. (1994) could be 

categorized using the multi-faceted taxonomy of human error. The remaining 30% were 

caused by mechanical malfunction or could not be coded. Over ninety percent of the 289 

pilot-causal factors identified in Wiegmann and Shappell’s (1997) study were accounted 

for using the model of internal human malfunction. Factors that could not be classified 

included flight planning, psychosocial variables, and the precondition of the pilot. 
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Figure 4. Interactions within a man-machine system that illustrates the impacts of 

psychological and physiological factors on information processing failures. Source 

(Rasmussen, 1982) 3 

                                                 

3 Reprinted from Journal of Occupational Accidents, Volume 4 Issue 2, Rasmussen, Jens, 

Human errors. A taxonomy for describing human malfunction in industrial installations, 

page 321, Copyright (1982), with permission from Elsevier. 
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2.4.1.1.3 Reliability 

While the framework was originally created for industrial applications, there has 

been some use in the aviation domain (O’Hare et al., 1994; Wiegmann & Shappell, 1997). 

O’Hare et al. (1994) used the model of internal human malfunction from the multi-faceted 

taxonomy of human error to evaluate 729 mishap reports using three analysts. Cohen’s 

kappa was used to evaluate the inter-rate reliability for each pairing of analysts. The 

Cohen’s kappa values were 0.54, 0.68, and 0.69 (O’Hare et al., 1994); a value over 0.75 

shows excellent inter-rater reliability and a value between 0.60 and 0.75 shows good inter-

rater reliability (Fleiss, 1971). Wiegmann and Shappell (1997) also applied the model of 

internal human malfunction to a set of accident reports and had an acceptable level of inter-

rater reliability.  

2.4.1.1.4 Strengths and Weaknesses 

The internal human malfunction framework and the Skills, Rule, and Knowledge 

based approach can provide information that would be useful in the creation of mitigation 

strategies (Kirwan, 1992a). 

Wiegmann and Shappell (1997) noted that the model of internal human malfunction 

did not classify all human factors issues and only addressed causal factors that were directly 

related to pilot error. Organizational and environmental factors were not included in the 

model. Additionally, such an approach is thought to be resource intensive (Kirwan, 1992a). 

2.4.1.2 Technique for Human Error Rate Prediction (THERP) 

The Technique for Human Error Rate Prediction (THERP) is one of the historically 

best-known Human Reliability Analysis (HRA) methods (Hollnagel, 1998; Reason, 1990; 

Swain, 1990; Swain & Guttmann, 1983). THERP is used to identify error modes including 

errors of omission, errors of commission, and extraneous errors in a taxonomic or checklist 

type manner (Kirwan, 1998a). THERP was most often used prospectively to calculate the 

probabilities of failure of actions that are necessary to accomplish a specific task 

(Hollnagel, 1998). 
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THERP is interested in identifying the degradation a human operator can have on 

a system (Swain & Guttmann, 1983). The method was built around the belief that human 

operators can be the sole cause of degradation of the system, though there are also some 

ways to account for the influence the contextual environment may have on the operator 

through the use of Performance Shaping Factors (PSFs) (Swain & Guttmann, 1983). In 

many ways THERP regards operator failure in the same way as many view equipment 

failure (Reason, 1990). 

Task analysis models are created for the work sequence and then serve as the event 

trees that are called probability tree diagrams (Swain & Guttmann, 1983). The analyst 

selects the starting point of the probability tree diagram and then works forward for the 

selected event. Each branch of the diagram represents an action performed by a human 

operator. System failures are defined and nominal probability estimates are then created 

and added to each branch on the probability tree. The probability estimates are generated 

from a series of 27 tables that each focus on errors commonly found in a specific activity 

(Swain & Guttmann, 1983). PSFs are also identified and added to individual branches.  

THERP was first developed for the nuclear power industry and was originally based 

on a variation of the Stimulus-Organism-Response model, but evolved to be modeled after 

Rasmussen’s (1986) step-ladder model (Hollnagel, 1998). 

2.4.1.2.1 Training Methods 

No documentation of THERP training methods was found, however Kirwan 

(1992b) indicated that THERP training was not time-intensive. 

2.4.1.2.2 Comprehensiveness 

THERP focuses on Skills and Rules errors, but has little focus on knowledge-based 

errors, violations, and errors of commission (Kirwan, 1998a). 

2.4.1.2.3 Reliability 

Various users of THERP have been shown to use the taxonomic approach 

differently resulting in low inter-rater reliability or consistency between analysis (Brune, 

Weinstein, & Fitzwater, 1983; Kirwan, 1992b; Reason, 1990). 
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2.4.1.2.4 Strengths and Weaknesses 

Kirwan (1992) noted that THERP was easy to use and had the potential to model 

all errors. The technique was widely used in previous decades, but has not been used as 

frequently recently (Kirwan, 1992b, 1998a). Analysts are not required to have a great deal 

of expertise or training to use THERP, additionally THERP is not-time intensive (Kirwan, 

1992b, 1998a). Additionally, THERP uses PSFs which complement the task analysis and 

can take the context of the workspace into account. 

THERP is one of the oldest HRA techniques, first developed in the 1960s, and as 

such has had ample time for modifications and improvements (Reason, 1990). In the early 

1990s THERP was thought to be one of the most accessible human error frameworks and 

HRA methods since the procedures were very clearly documented with a HRA handbook 

(Reason, 1990), however such documentation for other frameworks is more common 

today. 

In the early versions of THERP, some in the error analysis community noted that 

the set of human error probability tables overlooked key mistakes such as misdiagnosis 

(Reason, 1990). These complaints were addressed in later models of THERP. Others have 

found that the error probabilities produced using THERP are unreliable and only extend to 

external manifestations of error (Reason, 1990). 

The main limitation of THERP is its lack of structure that could reduce the 

reliability of the results (Brune et al., 1983; Kirwan, 1998b). Additionally many suggest 

that THERP lacks a theoretical model and theoretical validity (Kirwan, 1992b). While 

THERP can potentially identify all errors, the framework lacks the ability to answer why 

adverse events happened (Kirwan, 1992b, 1998b). 

2.4.2 Ergonomic and Systems Design Perspective Frameworks 

Error frameworks with an ergonomics and system design perspective emphasize 

that the operator is rarely the sole cause of the accidents, rather such frameworks emphasize 

interactions between the operator, hardware, and the environment (Wiegmann & Shappell, 

2001b). Such frameworks also take into account contextual factors of the tasks being 

performed at the time of the accident. 
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The primary advantage of system design perspectives is that such models 

emphasize interactions within the system rather than assigning blame to the operator 

(Wiegmann & Shappell, 2001b). While such models can assist in gaining a broader 

perspective, they often lack specificity and overemphasize the contributions of man-

machine interfaces on the outcome of accidents (Wiegmann & Shappell, 2001b). Such 

overemphasis may lead people to believe that the majority of blame lies within the system 

design and that human error can be reduced or eliminated through better engineering efforts 

(Wiegmann & Shappell, 2001b). 

2.4.2.1 The SHEL Model 

The SHEL model was created by Edwards (1988) to depict human-machine 

interaction and design. SHEL stands for “software”, “hardware”, “environment”, and 

“liveware” (Edwards, 1988). Hardware represents physical components in the system such 

as equipment or workstations. Software is the rules, regulations, policies, and procedures 

that constrain the man-machine interaction. The environment is the contextual environment 

including social and political factors around the man-machine interaction and the liveware 

is the operator that is interacting with the machine. Within the SHEL model, the 

environment includes all factors that the designers and engineers cannot control. A diagram 

of the SHEL model, adapted from Edwards (1988), is shown in Figure 5. 

Information is exchanged between the liveware and hardware; this is where a great 

deal of effort has been placed over the past several decades to reduce human error 

(Edwards, 1988). In the SHEL model, the software imposes constraints on the liveware 

(Edwards, 1988). Attention must be made to ensure that software creates a safe 

environment for the liveware to operate in without imposing too many restrictions. Since 

the environment is made up of many uncontrollable variables, engineers must create 

hardware to protect the liveware from various hazards. Additionally, the system must be 

both robust and flexible enough to accommodate changes in the physical environment as 

well as the socio-technical and political environments (Edwards, 1988). Edwards (1988) 

suggests that the presence of errors is most common when resources whether it be liveware 

to liveware, liveware to environment, or liveware to software, interact with one another. 
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Figure 5. SHEL model. Adapted from Edwards (1988). The model depicts multiple items 

within each resource (liveware, software, hardware, environment) since there are often 

multiple pieces of equipment, operators, and different policies and regulations within a 

single domain’s workspace (Edwards, 1988). 

 

The SHEL model was first introduced to explain interactions between resources 

within aviation. Since SHEL serves as a model or metaphor, more than a taxonomy, it is 

not widely applied within incident and accident analysis, thus reliability, 

comprehensiveness, strengths and weakness for the application have not been evaluated. 

While SHEL is not applied within report analysis, it is often referenced within man-

machine interface design because the concept is easy to understand (Wiegmann & 

Shappell, 2003). 

2.4.3 Aeromedical Perspective Frameworks 

Published studies with an aeromedical perspective are based on the belief that the 

majority of human errors are a result of a physiological condition of the operator 

(Wiegmann & Shappell, 2001b). Physiological conditions include spatial disorientation 

and fatigue. Such frameworks go so far as to believe physiological conditions of the 

operator influence all other possible errors within the system design (Reinhart, 1996). 

Several studies have looked at the effect of fatigue in medical and aviation domains (Morris 
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& Miller, 1996; Parhizi, Steege, & Pasupathy, 2013; Wang & Chuang, 2014) while others 

have looked at the effects of flying in unpressurized cabins (Marques Zorro, 2012).  

2.4.4 Psychosocial Perspective Frameworks 

Psychosocial human error frameworks emphasize that humans are social beings and 

that in order to successfully complete aviation missions many social interactions are 

required (Wiegmann & Shappell, 2001b). Several studies found that more human errors 

were attributed to communication breakdowns than skill proficiency (Ruffell Smith, 1979). 

Foushee and Manos (1981) found that generally the more crews communicated, the higher 

their performance was. Helmreich and Foushee (1993) believed that operator performance 

was associated with the quality of social interactions with other pilots, air traffic 

controllers, dispatchers, ground crew, and maintenance. 

A model of crew performance adapted from Helmreich and Foushee (1993) is 

shown in Figure 6. Input factors influence the group process that subsequently affects 

performance of aviation functions and the performance of such functions lead to positive 

or negative outcomes (Helmreich & Foushee, 1993). Based on the outcome, individual, 

crew, organization, and regulatory inputs may change. 

Individual input factors can include pilots’ personalities as well as their emotional, 

physiological, and psychological state (Helmreich & Foushee, 1993). Crew input factors 

include the prior relationships between crew as well as crew background. Input factors 

from the organization can include the safety culture, procedures, and policies. Regulatory 

factors include the policies that define the workspace pilots are allowed to operate within 

as well as attitudes held by the aviation community. Environmental inputs include weather 

conditions and the condition of the aircraft. 

The input factors affect group processes that are performed through communication 

amongst crew members (Helmreich & Foushee, 1993). Group processes include 

communication, decision making, the composition and demeanour of the team, the crew 

situation awareness and workload, aircraft control tasks, and procedural tasks (Helmreich 

& Foushee, 1993). 
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Figure 6. Crew performance model adapted from Helmreich and Foushee (1993).4 

 

Communication within the group processes directly affects the functional 

performance that then impacts the flight outcomes. Outputs are measured with quantitative 

data such as crew satisfaction or number of flight hours without reported incidents or 

accidents (Helmreich & Foushee, 1993).  

While many early frameworks that emphasized the psychosocial perspective 

(Brenner, 1964; W. J. Haddon, Suchman, & Klein, 1964) have not been popular, over 70% 

of accidents have repeatedly been shown to be at least partially attributed to coordination 

and communication errors (Helmreich & Foushee, 1993; Lautman & Gallimore, 1987; 

Wiegmann & Shappell, 1999a; Yacavone, 1993). To note, in a study of United States Navy 

                                                 

4 This article was published in Cockpit Resource Management, Volume 1, Helmreich, 

Robert L., Foushee, H Clayton, Why Crew Resource Management? Empirical and 

Theoretical Bases of Human Factors Training in Aviation. Pages 3 – 45. Copyright Elsevier 

(1993). 
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mishap reports 46.49% of tactical jets had accidents related to Crew Resource Management 

(CRM) failure, while 80.43% of rotorcraft accidents were attributed to at least one CRM 

failure (Wiegmann & Shappell, 1999a). The percent of accidents caused by communication 

and coordination has highlighted the need for improved CRM in the aviation industry 

(Wiegmann & Shappell, 1999a, 2001b; Yacavone, 1993).  

There has been minimal research directed towards validating the error predictions 

created by human error models with the psychosocial perspective (Lautman & Gallimore, 

1987; Wiegmann & Shappell, 1999b; Yacavone, 1993).  

2.4.5 Organizational Perspective Frameworks 

As the title of the perspective suggests, frameworks with an organizational 

perspective focus on the role that the organization or management play on the creation of 

human errors (Wiegmann & Shappell, 2001b). Frameworks with an organizational 

perspective include Adam’s framework (1976), Domino Theory (Bird, 1974), Weaver 

(1971, 2006), and the “Swiss cheese” model of human error (Reason, 1990). Some 

organizational perspective methods go so far as to say “accidents and injuries (and unsafe 

acts and conditions) are symptoms of operational error” and “every accident is the result 

of operational errors together with some combination of unsafe acts and conditions”  

(Weaver, 2006). Operational errors are “unplanned and undesired results that stem from 

the acts or decisions of supervisory management” (Weaver, 2006). Figure 7 shows a model 

of “Brownian-movement” that depicts how normative procedures are replaced by normal 

processes impacted by time and financial pressures of organizations taken from Rasmussen 

(1997). The pressure on workers from the organization reduces the margin of error which 

results in a greater likelihood of an adverse event occurring. 
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Figure 7. A representation of 'Brownian movements' depicting the concept that the there is 

a boundary between acceptable performance and an adverse event. A margin of error is 

built into the system by regulatory agencies and policies to define normative procedures. 

While regulators often assume that operators are following normative procedures, the time 

and financial pressures placed on companies is passed down to operators and normal 

procedures are modified to meet demands. Normal procedures minimize the error margin 

resulting in a greater likelihood of an adverse event. Model taken from Rasmussen (1997).5 

 

Organizational perspectives focus on operator productivity and improving operator 

behavior by addressing problems within the organization. Additionally, there is a focus on 

identifying errors and how such errors can be managed and mitigated by controlling the 

level of risk inherent to the task or error (Wiegmann & Shappell, 2001b).  

                                                 

5 Reprinted from Safety Science, Volume 27 No. 2/3, Rasmussen, Jens, Risk Management 

in a Dynamic Society: A Modelling Problem, pages 183-213, Copyright (1997), with 

permission from Elsevier. 
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Several factors have contributed to the rise of frameworks with organizational 

perspectives such as AcciMaps (Rasmussen, 1997) and STAMP (Leveson, 2004) including 

the growing challenge of attributing cause of adverse events solely to local factors and 

events, the rapid growth of technology, and the competitive work environment that reduces 

the margin of error (Svedung & Rasmussen, 2002). Figure 8, adapted from Rasmussen’s 

(1997) work, shows the relations between levels of a sociotechnical system. Higher levels 

of the hierarchical system place constraints on each subsequent lower level. To implement 

industry-wide change, governments and regulatory agencies must place constraints on all 

companies within the industry. Higher levels in the socio-technical system are often 

unaware of the challenges and conditions that occur within the lowest levels. To updated 

laws and regulations, analyses of incidents and accidents within the industry are performed 

and presented to higher levels. 

The major challenge with using frameworks with an organizational emphasis is that 

organizational and managerial influences are often several layers deeper than the active 

error that resulted in the accident. Thus managerial and organizational influences are more 

difficult to identify (Rasmussen, 1986). Additionally, organizational models often identify 

a single organizational causal factor and do not look at the culmination of errors that led to 

the accident (Wiegmann & Shappell, 2001b). While human error frameworks with an 

organizational perspective have become somewhat obsolete, they have served as a 

foundation for many of the current comprehensive human error frameworks that are used 

today. 

 



35 

 

 

 

Figure 8. Interaction between levels of a socio-technical system. Each level constrains the 

workspace that workers operate in. Adapted from Rasmussen (1997).6 

 

2.4.5.1  “Swiss Cheese” Model of Human Error 

The commonly termed “Swiss Cheese” model of human error was created by 

Reason (1990) as a means to show how high level decision makers create latent errors in a 

system leading to unsafe acts of an operator that result in an accident or incident. See Figure 

9. The “Swiss Cheese” model is, in of itself, a theoretical model of human error. 

                                                 

6 Reprinted from Safety Science, Volume 27 No. 2/3, Rasmussen, Jens, Risk Management 

in a Dynamic Society: A Modelling Problem, pages 183-213, Copyright (1997), with 

permission from Elsevier. 
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Figure 9. The "Swiss Cheese" Model of Human Error adapted from Reason (1990).7  

 

The “Swiss Cheese” model shows that accidents do not happen solely from an 

active error, termed an unsafe act, which is committed by the operator. Rather, the 

possibility of accident occurrence is first introduced by system designer and high-level 

decision makers (Reason, 1990, p. 203). Poor decision made by those high within the 

hierarchy are affected by the context in which the decisions are made, which is often very 

different than the context in which the accident occurred (Reason, 1990). Line managers 

introduce additional deficiencies to the system, but these can sometimes be further 

exacerbated by the fallible decisions made within higher organizational levels (Reason, 

                                                 

7  Reason, J. (1990). Human Error. New York: Cambridge University Press. 



37 

 

 

1990). Practices and policies of line managers can introduce psychological preconditions 

for unsafe acts by operators. The exact nature of the precondition is dependent on the type 

of work performed, the environment in which the work is performed, and the presence of 

different hazards (Reason, 1990). As latent errors build up within the higher levels of the 

hierarchical structure, many complex interactions can occur that will ultimately result in 

an accident when an unsafe act is committed. The decomposition of the unsafe act 

classification, shown in Figure 10, is based on the Skills-Rules-Knowledge model 

(Rasmussen et al., 1981). 

 

 

Figure 10. The classification breakdown of unsafe acts. Adapted from Reason (1990).8 

 

Fallible decisions, line management deficiencies, and psychological precursors of 

unsafe acts are all considered latent errors (Reason, 1990). Latent errors can be dormant 

within a system for an extended period of time and be unnoticed until an accident occurs. 

Often latent errors only become visible when an active error, the error of the operator that 

directly results in the accident, is committed. 

Generally, accidents can be prevented if barriers or safety measures are built into 

the system. However, if the correct defenses are not built into the system, the unsafe act 

will trigger an event sequence resulting in an accident (Reason, 1990). Inadequate defenses 

can exist from active and latent errors. 

                                                 

8 Reason, J. (1990). Human Error. New York: Cambridge University Press. 
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The “Swiss Cheese” model has served as the main foundation for the future field 

of human error research. The model for unsafe acts, developed by Reason (1990) has been 

used previously to identify errors within aviation accidents (Wiegmann & Shappell, 1997), 

but now serves as the theoretical backbone of other analysis frameworks such as the Human 

Factors Analysis Classification System (HFACS) and the Systematic Occurrence Analysis 

Methodology (SOAM). 

2.4.5.1.1 Training Methods 

No literature documenting training methods for using the “Swiss Cheese” model 

have been found. 

2.4.5.1.2 Comprehensiveness 

A study by Wiegmann and Shappell (1997) compared a four stage model of 

information processing, Rasmussen’s model of internal human malfunction, and Reason’s 

model of unsafe acts by applying the frameworks to a set of aviation accident reports. 

Reason’s model identified 91.3% of pilot related errors. The model of unsafe acts found 

more errors with the pre-flight planning phase than the other two models (Wiegmann & 

Shappell, 1997). 

2.4.5.1.3 Reliability 

Sufficient inter-rater reliability was noted when two researchers applied Reason’s 

(1990) model of unsafe acts to a set of aviation accident reports (Wiegmann & Shappell, 

1997). 

2.4.5.1.4 Strengths and Weaknesses 

Reason’s “Swiss Cheese” model is one of the most widely referenced human error 

frameworks in the history of the field. One key strength of Reason’s framework is that it 

looks at organizational factors and latent errors that are introduced in hierarchical levels 

above the operator that commits the unsafe act. One major drawback to the “Swiss Cheese” 

model is that a taxonomy or clear instructions of use are not provided.  

2.4.5.2 AcciMaps 

The AcciMaps method was designed to create a visual representation of socio-

technical system failures that occur across multiple levels of decision makers to assist in 
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future system design improvements (Rasmussen, 1997). The AcciMaps methodology is 

generic and can be used in a wide range of domains (Svedung & Rasmussen, 2002). The 

visual model of the system interactions that led to the adverse event was designed to serve 

as a communication tool amongst groups when formulating and implementing mitigation 

strategies (Svedung & Rasmussen, 2002, p. 398).  

To implement change throughout the socio-technical system, analysts must 

understand all players and decision makers in the system, the interactions between such 

groups, and the normal (but not necessarily normative) work procedures of operators 

(Svedung & Rasmussen, 2002). While the relationships between actors in the system are 

oftentimes unclear, accident analysis can shed light on the relations between actors and the 

constraints they impose on the system (Svedung & Rasmussen, 2002). 

Rasmussen’s (1997) method proposed the use of multiple graphic formats including 

AcciMaps for an adverse event, a Generic AcciMap to summarize multiple adverse event 

reports, an ActorMap, and an InfoFlowMap. AcciMaps identifies errors involved in 

adverse events and places them in one of six levels: (1) government policy and budgeting, 

(2) regulatory bodies and associations, (3) local area government planning and budgeting, 

company management, (4) technical and operational management, (5) physical processes 

and actor activities, and (6) equipment and surroundings (Rasmussen, 1997). Levels 1 

through 4 address the decision makers that shape the workspace since decisions propagate 

down through lower levels (Woo & Vicente, 2003). Level 5 focuses on the processes in 

which the errors were made. Level 6 focuses on the tangible items that played a role in the 

adverse event whether it be hardware, tools, or the physical layout of the building or 

workstation (Svedung & Rasmussen, 2002). 

The relationships between causal factors within each level are then connected on 

the AcciMaps, as seen in Figure 11, which allows analysis of the causal factors across 

levels (Rasmussen, 1997). The goal of the AcciMap is to understand how hazardous 

processes, see Figure 11, are controlled and constrained by understanding the relationships 

between the higher levels in the hierarchy (Svedung & Rasmussen, 2002, p. 406). 
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Figure 11. Accimap example of a traffic accident resulting in oil contaminating a water 

supply. Source (Rasmussen, 1997).9 

 

To create an AcciMap, the analyst must read the accident report and conduct 

interviews with subject matter experts (SMEs) to fully understand the domain the accident 

occurred within (Stanton et al., 2013). The analyst then determines all actors that played a 

part in the adverse event and the relations between actors; such information should be 

documented on an actor map (Svedung & Rasmussen, 2002). Then using an AcciMap, the 

analyst depicts the errors and relationships between errors that led to the adverse event. 

Causal factors are then identified and placed into one of the six categories described above 

(Svedung & Rasmussen, 2002). 

                                                 

9 Reprinted from Safety Science, Volume 27 No. 2/3, Rasmussen, Jens, Risk Management 

in a Dynamic Society: A Modelling Problem, pages 183-213, Copyright (1997), with 

permission from Elsevier. 
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Multiple AcciMaps can be aggregated to create a Generic AcciMap that depicts the 

relationships between socio-technical levels within a specific domain (Svedung & 

Rasmussen, 2002). As the name suggests Generic AcciMaps are generalizations of the 

normal flow of activities and the normal interactions between decision makers within a 

given domain (Svedung & Rasmussen, 2002). 

ActorMaps graphically depict the organizational bodies from the Generic AcciMap 

within a hierarchical order (Svedung & Rasmussen, 2002). InfoFlowMaps are used to 

visually show the information flow between decision players within the socio-technical 

system for normal operations (Svedung & Rasmussen, 2002). InfoFlowMaps and 

ActorMaps depict the communication structure which assists in determining where 

mitigation strategies should be implemented for maximal impact (Svedung & Rasmussen, 

2002). 

AcciMaps are theoretically rooted in the “Swiss Cheese model” proposed by 

Reason (1990) that emphasizes the role of latent errors and active failures throughout the 

socio-technical system (Jenkins, Salmon, Stanton, & Walker, 2010). Jenkins et al. (2010) 

suggests that the “Swiss Cheese” model is a metaphor, while AcciMaps is an actual method 

that seeks to identify relationships and dependencies between the levels of the system. The 

purpose of the AcciMap method is to assess why the adverse event occurred so that 

mitigation strategies can be implemented rather than to attribute blame to a specific actor 

(Jenkins et al., 2010; Svedung & Rasmussen, 2002).  

The AcciMap method has been used primarily within case studies. Applications 

include incidents with space vehicle launch (Almeida & Johnson, 2005), public shootings 

(Jenkins et al., 2010), public health and disease outbreaks (Woo & Vicente, 2003), and 

outdoor activities (Salmon, Cornelissen, & Trotter, 2012). 

2.4.5.2.1 Training Methods 

Articles that document use of AcciMaps have not specified the level of training 

required or how AcciMap expertise is quantified. Jenkins et al. (2010) simply stated “one 

human factors practitioner with significant experience in the AcciMap method” was used 

(pg. 7). 
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2.4.5.2.2 Comprehensiveness 

AcciMaps has the potential to be very comprehensive since the analysts are given 

free rein to place any error identified in the narrative into six categories, however errors in 

cognition are not specifically covered (Jenkins et al., 2010; Salmon et al., 2012). 

2.4.5.2.3 Reliability 

There is no reliability data on AcciMaps, but since the method does not have a 

taxonomy of high levels of documentation about the six categories, reliability is thought to 

be low (Salmon et al., 2012; Stanton et al., 2013).  

While reliability has not been addressed, several papers have developed methods 

to test the internal validity of AcciMaps. Jenkins et al. (2010) had one analyst create the 

AcciMap and three of the co-authors validate the model; no mention was made regarding 

the initial level of agreement. Hopkins (2000) suggested that an AcciMap model could be 

validated by breaking each link and determining if the event would have still occurred. 

Others suggested comparing the findings of the AcciMap with the official findings 

documented in the report to establish the validity of the method (Rasmussen, 1997; Vicente 

& Christoffersen, 2006). 

2.4.5.2.4 Strengths and Weaknesses 

Since AcciMaps places errors into six categories that describe deficits within the 

system, the framework also supports the creation of mitigation strategies (Almeida & 

Johnson, 2005; Rasmussen, 1997; Salmon et al., 2012; Stanton et al., 2013; Svedung & 

Rasmussen, 2002). AcciMaps have the capability to look at causal factors that are not 

limited to the immediate proximity of the event, and the map visually shows relations 

between causal factors that are easy to understand (Almeida & Johnson, 2005; Stanton et 

al., 2013; Woo & Vicente, 2003). Additionally, AcciMaps are easy to learn and, if applied 

properly, provide a thorough analysis of the deficiencies within the system (Stanton et al., 

2013). 

The lack of a taxonomy means that analysts use subjective judgment, thus 

introducing potential problems with inter-rater reliability and confusion about where errors 

should be placed (Almeida & Johnson, 2005; Salmon et al., 2012; Stanton et al., 2013). 

The lack of a taxonomy within AcciMaps means that the method is best for case studies of 
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a single adverse event (Salmon et al., 2012) rather than an application to a set of event 

reports, though it has been suggested that AcciMaps can be used on a group of reports. 

Additionally, AcciMaps have the potential to be very time consuming (Stanton et al., 2013) 

and require a great deal of detailed information (Almeida & Johnson, 2005).  

2.4.5.3 Systems-Theoretic Accident Model and Process (STAMP) 

The Systems-Theoretic Accident Model and Process (STAMP) is a hierarchical 

framework that was created from systems and control theory (Leveson, 2004, 2011). 

STAMP includes sets of controls and constraints that are used to find inadequacies in the 

constraints on a system (Leveson, 2004). According to Leveson (2004) accidents occur 

when controls and constraints are inadequate or unmanaged. 

STAMP was developed in response to limitations of event-based accident models 

including limitations in showing interactions of causal factors, the linear structure that is 

often used, and the focus on events that are in close proximity to the accident rather than 

management and regulatory factors (Leveson, 2004). Like other organizational perspective 

methods, STAMP hinges on the belief that accidents are not solely caused by an unsafe act 

made by the pilot or operator (Leveson, 2004; Rasmussen, 1997). Rather, STAMP believes 

that workspaces that operators function within are defined by constraints of government, 

regulators, and industry bodies. Margin of error is built within the workspace, from 

normative procedures that call for a specific set of processes. However organizations and 

individuals repeatedly adapt and violate rules for rational reasons that are based on their 

workload and time constraints (Leveson, 2004). Violating the rules creates a transition 

from normative to effective or normal procedures (Leveson, 2004). While the majority of 

accident analysis methods evaluate performance against normative procedures, Leveson 

(2004) suggests that accidents be compared to the effective procedures that are widely 

followed.   

Levenson (2004) proposed an accident model composed of hierarchical levels of 

various control structures within a generic system. See Figure 12. The first two levels of 

the figure represent government and industry groups that are responsible for system 

constraints including legislation, regulation, and standards creation. Constraints from the 

top two levels define the workspace that companies must work within. Companies that 
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combine the constraints from government and industry groups and combine them with the 

organization’s values to create their own policies and rules. Company policies and rules, 

also considered constraints, are then placed on operations management and individual 

operators. Company constraints are then communicated down to individual operators. 

Individual operators then complete tasks in the workspace defined by all higher level’s 

constraints. Leveson (2004) argues that any unsafe act performed by an individual operator 

is a direct result of an absent or insufficient constraint.  

While STAMP is mainly used in a prospective fashion the Causal Analysis based 

on STAMP (CAST) can be used retrospectively to analyze incident and accident reports. 

According to Leveson (2011) analyzing accident reports using CAST often produces a 

different view of the accident and its causal factors than more chain of event-based 

frameworks. CAST is used to figure out why an adverse event occurred and how similar 

events could be prevented in the future. Like STAMP, CAST looks throughout the system 

to identify the interactions and constraints that caused the event to occur (Leveson, 2011). 

When using CAST the analyst should identify the system of interest and the 

immediate hazards that caused the adverse event (Leveson, 2011). The analyst then 

identifies and documents the constraints and requirements of the hazard within a safety 

control structure. The proximate events are then identified and the physical system is 

examined. The analyst then uses the STAMP model to move upward from the lowest level 

of the control structure identifying how each level contributed to the adverse event. Once 

the constraints and contributions are understood, the coordination between levels is 

analyzed and recommendations are made. 
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Figure 12. General form of a STAMP model. Taken from Leveson (2004).10 

 

2.4.5.3.1 Training Methods 

In-person workshops on the application of STAMP and CAST are offered (de Boer 

& de Jong, 2014). 

                                                 

10 Reprinted from Nancy G. Leveson, Engineering a Safer World, published by The MIT 

Press. 
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2.4.5.3.2 Comprehensiveness 

STAMP was designed for generic use for a wide range of domains  (Salmon et al., 

2012). STAMP has the potential to be very comprehensive allowing analysts flexibility 

along with a taxonomy (Salmon et al., 2012). 

2.4.5.3.3 Reliability 

No studies documenting the reliability or validity of STAMP were found. 

2.4.5.3.4 Strengths and Weaknesses 

Leveson (2004) noted that STAMP assisted analysts in sifting through factual data 

and subjective interpretations of data. Additionally, STAMP does not assign blame on a 

group, rather it creates a model of interactions between hierarchical levels that can assist 

in the creation of mitigation strategies (Almeida & Johnson, 2005; Leveson, 2004). 

One study noted that STAMP/CAST was effective at analysing the interactions 

between different levels of the system, provided a structured method of evaluating the 

higher levels of the control model, and was helpful in finding meaningful mitigation 

strategies (Arnold, 1990). Another study that compared use of CAST and Human Factors 

Analysis and Classification System (HFACS) to a single NTSB aviation accident report, 

CAST identified all causal factors that were also identified by HFACS in addition to other 

regulatory factors that were not captured within HFACS (Stringfellow, 2010). 

STAMP requires the generation of a control structure diagram prior to the analysis 

of the accident data, thus requiring more time and effort as well as a deep understanding of 

the field that is being analysed (Salmon et al., 2012). Additionally, STAMP is best used 

when identifying control failure rather than human or organizational errors (Salmon et al., 

2012). Furthermore, environmental conditions and the sequence of events leading up to the 

accident are not easily accounted for within the framework (Almeida & Johnson, 2005; 

Salmon et al., 2012). It has also been noted that identifying and documenting all key actors 

within the socio-technical systems is challenging using STAMP (Almeida & Johnson, 

2005). STAMP has yet to be accepted outside of the academic community (Salmon et al., 

2012). 

Applications of STAMP have been noted to be very time-intensive and that a large 

quantity of data was needed to sufficiently detail the system and system interactions, which 
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is often unavailable (Almeida & Johnson, 2005; Braband, Evers, & Stefano, n.d.). Since 

detailed information is often missing from reports, analysts would need to speculate on 

relations in the AcciMap, which could result in low inter-rater reliability (Almeida & 

Johnson, 2005). Almedia and Johnson (2005) noted that omissions within the event 

sequence were difficult to document. Additional guidance and extensions of the original 

STAMP model have been suggested to represent individual actors and teams within the 

socio-technical system (Almeida & Johnson, 2005; Qureshi, 2008).  

2.4.6 Comprehensive Perspective Frameworks 

Since the time that Wiegmann & Shappell’s (2001) article was published on 

perspectives of human error frameworks in aviation, several frameworks have been created 

with the goal of providing a comprehensive image of the active and latent errors that 

resulted in an incident or accident. Such frameworks include organizational influences as 

well as man-machine interactions and cognitive failures of operators. 

2.4.6.1 Human Factors Analysis and Classification System (HFACS) 

The Human Factors Analysis and Classification System (HFACS) is a general 

human error framework that is widely used within the aviation domain (Shappell & 

Wiegmann, 2000). HFACS categorizes the causal factors identified within official accident 

reports to find trends in factors that contribute to adverse events. HFACS was created to 

provide a “data-driven” analysis method that would assist the aviation community in 

generating accident mitigation strategies. Modifications to the HFACS framework have 

been made to include maintenance and repair (HFACS-ME), railroad (HFACS-RR), 

mining, and Department of Defense (DOD HFACS) activities. 

Reason’s (1990) “Swiss Cheese” model provides the theoretical framework of 

human error that is used by HFACS (Shappell & Wiegmann, 2000). Similar to Reason’s 

model, HFACS includes layers of latent failures that include organizational influences, 

unsafe supervision, preconditions for unsafe acts, as well as the active failure that is the 

unsafe act leading to the mishap that is caused by human error (Wiegmann & Shappell, 

2001b). See Figure 13. The HFACS model uses a top down approach where there is an 
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understanding that organizational influences may cause unsafe supervision that may cause 

preconditions for unsafe acts and so on.  

Unsafe acts, considered to be active failures caused by human error, are the closest 

failure related to the mishap (Shappell & Wiegmann, 2000). Unsafe acts are made up of 

errors and violations as described by Reason (1990). Errors are acts that fail to achieve the 

desired outcome (Shappell & Wiegmann, 2000). Violations are the purposeful disregard of 

rules and regulations. Within HFACS there are three categories of errors: decision errors, 

skill-based errors, and perceptual errors (Shappell & Wiegmann, 2000). Decision errors 

are when an action is executed as intended, but the action is inappropriate to obtain the 

specified goal or is not in line with the current strategy. Skill-based errors occur in tasks 

that do not require a great deal of conscious thought. Perceptual errors occur when the 

operator’s perception of the world or system state differs from the actual state of the system. 

Violations can be both routine and exceptional. Routine violations are repeated regularly 

(could be considered a bad habit) and may be considered the community “norm” such as 

driving five miles per hour over the speed limit. Exceptional violations are isolated 

instances where an individual does not follow the rules such as a man driving twenty miles 

per hour of the speed limit because his wife is in labor. 

Preconditions for unsafe acts focus on unsafe conditions of the overall system 

including the operator (Shappell & Wiegmann, 2000). Preconditions for unsafe acts are 

broken down into substandard conditions of operators and substandard practices of 

operators (Shappell & Wiegmann, 2000). Substandard conditions of operators can be 

further broken down into adverse mental states, adverse physiological states, and 

physical/mental limitations (Shappell & Wiegmann, 2000). Adverse mental states include 

mental states that impact performance such as mental fatigue, distraction, and loss of 

situational awareness. Adverse physiological states are physiological conditions that 

impede safe completion of tasks, including visual illusions, disorientation, or motion 

sickness. Physical and mental limitations occur when the requirements of the task exceed 

the capability of the operator. Standard practices of operators are divided into crew  
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Figure 13. HFACS Model. Taken from (Wiegmann & Shappell, 2001)11 

                                                 

11 Reprinted from Aviation, Space, and Environmental Medicine, Volume 72, No. 11, 

Wiegmann, G.A., & Shappell, S.A., Human Error Analysis of Commercial Aviation 

Accidents: Application of the Human Factors Analysis and Classification System 
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resource mismanagement and personal readiness. Crew resource mismanagement includes 

poor communication skills and team coordination among personnel; within helicopter 

operations this would include all crew members inside a helicopter, the pilots flying in 

formation, air traffic controllers, as well as other ground personnel. A personal readiness 

latent failure would be associated with an operator who did not approach the task or shift 

in a manner to perform at the level that is expected such as not receiving enough sleep the 

night before a flight. 

The preconditions for unsafe acts category was later modified, as seen in Figure 14, 

to include environmental factors in addition to the previously existing substandard 

condition of operators, and personnel factors (Wiegmann & Shappell, 2003). 

Environmental factors are split into factors of the physical environment and factors of the 

technological environment. The physical environment includes weather, lighting, 

vibration, and terrain. The technological environment includes equipment and control 

design, automation, and display and interface characteristics. 

Returning to the HFACS framework, latent failures caused by actions or decisions 

of supervisors are classified under unsafe supervision (Shappell & Wiegmann, 2000). 

Unsafe supervision is further broken into four sub-categories: inadequate supervision, 

planned inappropriate operations, failed to correct problem, and supervisory violations. 

Inadequate supervision involves supervisors not providing proper guidance, training, 

leadership, and motivation. Planned inappropriate operations involve planning and 

scheduling operations in such a manner that the crew is at risk. An example of planned 

inappropriate operations would include pairing two inexperienced pilots together or 

scheduling operations that would force pilots to exceed the number of hours they can fly 

within a certain period of time. Failure to correct a known problem includes instances when 

supervision is aware of problems among the crew or with equipment, but chooses not to 

take corrective action. 

                                                 

(HFACS), pages 1006 – 1016, Copyright (2011), with permission from Aerospace 

Medicine and Human Performance. 



51 

 

 

 

Figure 14. Modified version of HFACS Precondition for Unsafe Acts. Adapted from 

(Shappel et al., 2007).12 

 

Organizational influences are latent failures that occur within high levels of 

management where organizational practices impact the company and supervisory practices 

(Shappell & Wiegmann, 2000). While the causes of mishaps are often linked to 

                                                 

12 Adapted from Shappell, S. A., Detwiler, C., Holcomb, K., Hackworth, C., Boquet, A., 

& Wiegmann, D. A. (2007). Human error and commercial aviation accidents: an analysis 

using the human factors analysis and classification system. Human Factors, 49(2), 227–

242. https://doi.org/10.1518/001872007X312469, Copyright (2007), with permission from 

SAGE Publications. 
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organizational influences, they are often difficult to detect during accident investigations. 

Organizational influences are split into three sub-categories: resource management, 

organizational climate, and organizational process. Resource management, or resource 

mismanagement when considering latent failures, occurs at the corporate level and is 

concerned with the procurement, distribution, and upkeep of human, financial, and 

equipment resources. Within most corporations, the organization is focused on safe, cost 

effective, and timely operations to maximize the overall profit and prosperity of the group. 

Organizational climate refers to the culture, structure, and policies of the company that 

influences operator and employee performance. Organizational process includes the 

operations, procedures, and management oversight that governs the day-to-day routine of 

employees.  

While most incident and accident report analysis studies, including those with 

HFACS, use solely a demographics and flight characteristics taxonomy or solely a human 

error framework, one study combined HFACS with demographic information to see if pilot 

and flight characteristics influence the type of errors made within United States civil fixed 

wing aviation (Shappell et al., 2007). 

2.4.6.1.1 Training Methods 

Li and Harris (2006) note that two analysts applied HFACS to 523 accident reports. 

Prior to the analysis, both analysts attended 10 hours of HFACS training together as well 

as analyzed two years of accident data together to establish agreement and understanding 

of the process (Li & Harris, 2006). Liu, Chi, and Li (2013) suggest that all analysts using 

HFACS complete at least 12 hours of HFACS training. 

In Baysari et al. (2009), raters did not receive formal training. Rather, they were 

provided with category definitions and a brief overview of the framework. 

2.4.6.1.2 Comprehensiveness 

A prior study applied HFACS to a set of 119 fixed wing aircraft accidents that were 

attributed to aircrew error by the framework’s designers; 100% of the causal factors related 

to the aircrew were able to be categorized within the framework (Wiegmann & Shappell, 

2001b). 
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Li and Harris (2006) applied HFACS to a set of 523 aircraft mishaps and found at 

least two instances of each error sub-category. The majority of sub-categories had over 75 

instances of occurrence. A similar study applied HFACS to a set of 83 civilian rotorcraft 

accidents; all HFACS sub-categories had at least two instances of occurrence (Liu, Chi, & 

Li, 2013). 

A study by the European Helicopter Safety Team (2010) found that 78% of 

accidents could be classified in one or more HFACS category. It is unclear if the remaining 

13% of accidents could not be classified because they were solely mechanical and 

structural failures, if the reports did not provide enough information, or if the errors that 

occurred were not represented within the categorization scheme. 

When HFACS was applied to 19 railroad reports, all but 1 of the 162 causal factors 

were categorized using HFACS (Baysari, Caponecchia, McIntosh, & Wilson, 2009). 

2.4.6.1.3 Reliability 

Cohen’s Kappa is a commonly used measure to determine the level of agreement 

between two raters, which can be indicative of the reliability of a study’s findings. Inter-

rater reliability is not consistently documented within HFACS studies (Beaubien & Baker, 

2002), however when reliability is reported the value is greater than the 0.60, indicating an 

acceptable level of reliability (Fleiss, 1971). 

When Weigmann and Shappell (2001) applied HFACS to a set of fixed wing 

aircraft accident reports, coders agreed upon the classification of 76% of the causal factors 

that were identified within the reports. The study had a Cohen’s Kappa of 0.71, indicating 

an acceptable level of inter-rater reliability. A different study by Shappell et al. (2007) had 

six pilots analyze a series of NTSB reports for fixed wing aviation each report was analyzed 

with HFACS by two analysts, inter-rater agreement was achieved 85% of the time. Gaur 

(2005) applied HFACS to a set of civilian accident reports in India with 87% rater 

agreement. 

A study using HFACS on a set of fixed wing accidents found the Cohen’s Kappa 

for each HFACS sub-category (Li & Harris, 2006). Kappa values between 0.44 and 0.83 

values were obtained. All but four sub-categories had adequate inter-rater reliability with 

a Cohen’s Kappa value greater than 0.60 (Fleiss, 1971). Liu et al. (2013) looked at the 
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inter-rater reliability within each HFACS sub-category for a set 83 civilian rotorcraft 

accidents; sub-categories had Cohen’s Kappa ranging from 0.62 to 1.00. Six of the 18 

HFACS sub-categories had a Cohen’s Kappa of 1.00. 

When raters did not receive formal HFACS training the level of agreement amongst 

raters was very low (Baysari et al., 2009). The percentage of agreement between two raters 

ranged from 30% to 86% when using the most detailed levels of categorization. When 

inter-rater agreement was calculated at the next level higher, agreement ranged from 60% 

to 100%. 

2.4.6.1.4 Strengths and Weaknesses 

One of the primary strengths of HFACS, for the purposes of this research, is that it 

has previously been applied within the helicopter domain.  Additionally, HFACS has 

strong theoretical roots and is organized in a clear hierarchical structure (Beaubien & 

Baker, 2002). Prior studies have shown that HFACS is comprehensive when applied to the 

aviation domain (Li & Harris, 2006; Liu et al., 2013; Wiegmann & Shappell, 2001b). 

Baysari et al. (2009) identified the detail of the organizational influences to be a strength 

of the HFACS framework. 

HFACS is not without its limitations. The framework has been criticized as being 

too coarse to identify specific operations that could result in the creation of specific 

mitigation strategies, particularly within the levels of unsafe supervision and organizational 

influences (Beaubien & Baker, 2002). Another significant limitation of HFACS is that the 

framework allows for the identification of causal factors, but does not create a chain of 

events or a chain of latent errors that led to the adverse event (Beaubien & Baker, 2002). 

Baysari et al. (2009) identified the lack of information about error performance, detection, 

and recovery attempts to be a limitation of the framework. Additionally, as is the case with 

frameworks that seek to identify latent errors, many accident reports lack sufficient detail 

to fully capture the latent errors that played a part in an adverse event (Beaubien & Baker, 

2002). 

One study noted that the classification of categories within HFACS were confusing; 

noting that many categories overlapped (Baysari et al., 2009). Raters had commented that 

they were not confident in their error classifications using HFACS. 
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2.4.6.2 Department of Defense Human Factors Analysis and Classification System 

The Department of Defense Human Factors Analysis and Classification System 

(DOD HFACS) was created in response to some critics of HFACS saying that the original 

framework was too course (P. O’Connor, 2008). DOD HFACS expands on the original 

model of HFACS, to address the unique issues presented within military aviation 

operations with an additional level of granularity (Department of Defense Aviation Safety 

Improvement Task Force Human Factors Working Group, 2003) . DOD HFACS is 

composed of four tiers: organizational influences, supervision, preconditions, and acts as 

seen in Figure 15 (Department of Defense Aviation Safety Improvement Task Force 

Human Factors Working Group, 2003). When comparing DOD HFACS to the original 

HFACS model organizational influences align to one another, DOD HFACS’ supervision 

category aligns to the HFACS’ unsafe supervision, DOD HFACS’ preconditions relates to 

HFACS’ preconditions for unsafe acts, and DOD HFACS’ acts corresponds to HFACS’ 

unsafe acts.  

There is little change between HFACS and DOD HFACS in the top and mid-level 

categories. When transitioning to DOD HFACS from the traditional HFACS model the 

acts category is similar except that violations are no longer separated into routine and 

exceptional categories. The DOD HFACS preconditions is split into environmental factors, 

condition of individuals, and personnel factors, just as was done in the traditional HFACS 

model. Categories under environmental factors and personnel factors remain the same as 

the traditional HFACS model, but condition of individuals is split into five categories: 

cognitive factors, psycho-behavioral factors, adverse physiological states, physical/mental 

limitations, and perceptual factors. The main differentiating factor between HFACS and 

DOD HFACS is the 147 detailed nanocodes that are used within DOD HFACS to identify 

and categorize the cause of mishaps shown in Appendix B (Department of Defense 

Aviation Safety Improvement Task Force Human Factors Working Group, 2014). While 

DOD HFACS has been found to have low levels of inter-rater reliability, at least partially 

attributable to the level of detail of the nanocode that causes some coder confusion, it 



56 

 

 

provides an excellent reference for identifying where design causes latent failures that lead 

to human error (P. O’Connor, 2008). 

 

 

Figure 15. DOD HFACS Model. Source (Department of Defense Aviation Safety 

Improvement Task Force Human Factors Working Group, 2014) 

 

2.4.6.2.1 Training 

Use of DOD HFACS has only been documented in two studies thus the training 

needed to gain adequate comprehension of the framework has not been established 

(Hughes, Heupel, Musselman, & Hendrickson, 2007; P. O’Connor, 2008). O’Connor 
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(2008) used expert raters and novice raters to evaluate the reliability of DOD HFACS. Two 

human factors experts participated each going through a 20-hour DOD HFACS training 

course and experience using DOD HFACS on more than 50 plus mishaps. Novices were 

Aviation Safety Officers in the United States Navy. Experts and novices both had generally 

low levels of agreement and only had acceptable reliability on codes that were identified 

as not contributing to the mishaps. 

2.4.6.2.2 Comprehensiveness 

Since DOD HFACS adds an additional level of granularity to HFACS, that has 

been shown to be comprehensive, it can be assumed that DOD HFACS is also 

comprehensive, however it has yet to be formally studied. 

2.4.6.2.3 Reliability 

O’Connor (2008) found that when analyzing two aviation mishaps, one fixed wing 

and one rotor wing, the few codes that had greater than 50% agreement in being a causal 

factor did not have adequate inter-rater reliability. More than 70% of the nano-codes that 

were not thought to be associated with causal factors had adequate inter-rater reliability. 

The low inter-rater reliability was thought to be attributed to insufficient training as well 

as over-specification of the framework that created overlap in the nano codes (P. O’Connor, 

2008). 

Hughes, Heupel, Musselman, and Hendrickson (2007) used four expert analysts 

who each received formal training with DOD HFACS to analyze 59 United States Air 

Force mishap reports. Inter-rater reliability was not sufficient when using nano-code 

classifications. Inter-rater agreement increased when categories were used instead of the 

nano-codes indicating that DOD HFACS is over specified (Hughes et al., 2007). 

2.4.6.2.4 Strengths and Weaknesses 

DOD HFACS has the potential to be highly comprehensive and to allow for the 

comparison of mishaps in different sections of the military. 

While HFACS had been criticized for under-specifying, DOD HFACS has over-

specified. Due to the large number of nano-codes, DOD HFACS codes overlap and cause 

confusion amongst analysts (P. O’Connor, 2008). The over-specification results in low 

inter-rater reliability; without adequate inter-rater reliability the validity of the framework 
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and findings of studies using the framework are questionable (P. O’Connor, 2008). While 

not stated within the literature, DOD HFACS may take more time to apply than the 

traditional HFACS model due the addition of the nano-codes. 

2.4.6.3 The Technique for the Retrospective and Predictive Analysis of Cognitive Errors 

(TRACEr) 

The Technique for the Retrospective and Predictive Analysis of Cognitive Errors 

(TRACEr) was created by Shorrock and Kirwan (2002) to predictively and retrospectively 

identify human error in air traffic control (ATC) (Isaac, Shorrock, & Kirwan, 2002; 

Shorrock, 2005, 2007). TRACEr was created as part of the Human Error Recovery 

Assessment (HERA) system for management of European air traffic control effort (Isaac 

et al., 2002). TRACEr was originally developed for ATC since the original authors did not 

feel that the generic human error identification techniques captured an adequate amount of 

information and other techniques were developed specifically for the nuclear industry 

(Shorrock & Kirwan, 1999). The original framework was modified for analysis of rail 

operations (TRACEr-Rail) (Baysari et al., 2009). 

TRACEr was developed using information gained during multiple stages. A 

literature review identified past research on human error, categories of existing HEI 

techniques, and errors common to ATC (Shorrock & Kirwan, 1999). The error types were 

then screened for mutual exclusivity, relevance, and comprehensiveness. The model was 

then fit to Wickens’ (1992) model of human information processing and the various types 

of classification systems were defined (Shorrock & Kirwan, 1999). One key design aspect 

of TRACEr is “the Janus perspective” that allows the framework to be used both 

predictively and retrospectively (Shorrock, 2002). The TRACEr framework was then 

evaluated through an analysis of prior ATC accident reports, ATC interviews, and 

simulations (Shorrock & Kirwan, 2002). After the framework was fully designed, 

controllers reviewed the framework and changes were made accordingly (Shorrock & 

Kirwan, 2002).  

Wickens’ (1992) model of human information processing serves as the theoretical 

model in which TRACEr was fit (Shorrock & Kirwan, 1999). Wickens’ model was 

translated into five categories of cognition and one additional category related to the actual 
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signal: (1) perception and vigilance, (2) working memory, (3) long-term memory, (4) 

judgment, planning, and decision-making, (5) response execution, and (6) signal reception 

(Shorrock & Kirwan, 1999). Shorrock and Kirwan (2002) merged the six categories into 

four categories: (1) perception, (2) memory, (3) judgment, planning, and decision making, 

and (2) action execution. A series of classification systems were then further defined: 

external error modes (EEMs), internal error modes (IEMs), psychological error 

mechanisms (PEMs), and performance shaping factors (PSFs) (Shorrock & Kirwan, 1999). 

External error modes (used in TRACEr-predict) and task errors (used in TRACEr-retro) 

classify what happened. Internal error mode classifications seek to identify what part of the 

cognitive process failed and psychological error mechanisms classify how the cognitive 

process failed. Performance shaping factors are used to capture what other failures led to 

the error event. Each classification system uses decision-flow diagrams with a series of 

yes/no questions to assist the analyst in classifying categorizations (Shorrock & Kirwan, 

1999).  

External Error Modes (EEMs) are the observable outward appearance of error 

(Shorrock & Kirwan, 1999). The EEM taxonomy was adapted from Swain and Guttmann’s 

(1983) THERP framework. EEMs have three main groupings and sub-groupings as shown 

in Table 1 (Shorrock & Kirwan, 2002). Note that the EEM taxonomy is used in the 

predictive methodology of TRACEr, not in TRACEr-Retro which was modified and used 

in Study 2. EEMs are most similar to the Task Error taxonomy that is used within TRACEr-

Retro. 

IEMs are the internal unobservable manifestations of error that fit within six 

categories listed previously that were developed from Wickens’ (1992) human information 

processing model. Each IEM category is directed at what cognitive function failed and how 

it failed (Shorrock & Kirwan, 2002). See Table 2, taken from Shorrock and Kirwan (2002). 

The IEMs are the intermediary between the psychological error mechanisms and the 

external error modes (Shorrock & Kirwan, 1999). Each of the four domains (perception, 

memory, judgment, planning, and decision making, and action execution) are further 

broken into more detailed sub-domains that are consistent with the internal human 

malfunction classification that was previously detailed within Section 2.4.4.1 on 
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Rasmussen’s (1997) Multi-Faceted Taxonomy of Human Error (Shorrock & Kirwan, 

1999). 

 

Table 1. TRACEr's external error mode (EEM) taxonomy. Adapted from Isaac et al. 

(2002).13 

TRACEr External Error Mode (EEM) Taxonomy 

Omissions 

Omissions 

 

Timing 

Action too long 

Action too short 

Action too early 

Action too late 

 

Sequence 

Action repeated 

Mis-ordering 

 

Quality 

Action too much 

Action too little 

Action in wrong direction 

Wrong action on right object 

 

Selection 

Right action on wrong object 

Wrong action on wrong object 

Extraneous act 

 

Communication Errors 

Unclear information transmitted 

Unclear information recorded 

Information not sought/obtained 

Information not transmitted 

Information not recorded 

Incomplete information 

transmitted 

Incomplete information recorded 

Incorrect information transmitted 

Incorrect information recorded 

 

Rule Contraventions 

Unintended rule contravention 

Exceptional violation 

Routine violation 

General Violation 

 

PEMs are used to describe how the error occurred within the human information 

processing model based on cognitive biases that affect performance (Shorrock & Kirwan, 

1999, 2002). Like IEMs, PEMs are specific to each cognitive domain, shown in Table 2. 

                                                 

13 Reprinted from Reliability Engineering and Systems Safety, Volume 75, Isaac, Anne, 

Shorrock, Steven, Kirwan, Steven, Human error in European air traffic management: the 

HERA project, pages 257 – 272, Copyright (2002), with permission from Elsevier. 
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PSFs are human factors considerations that might have played a part in the error’s 

occurrence (Shorrock & Kirwan, 1999).  

When applying TRACEr, analysts must first read the narrative of an incident or 

accident report to identify when an error occurred and then use the documentation of the 

framework to trace the causal factors attributed with the error (Baysari et al., 2009). 

Since TRACEr’s creation it has been used to capture errors in memory (Shorrock, 

2005) and perception (Shorrock, 2007) in ATC. Modifications to the original framework 

have also been made including TRACEr RETRO, TRACEr PREDICT (Evans, Slamen, & 

Shorrock, 1999), TRACEr-lite (RSSB, 2005) that had many more error classifications, and 

TRACEr-Rail (RSSB, 2005). 

TRACEr-lite was created to simplify and reduce the scope of the original 

framework so it would be more accessible to analysts (Shorrock, 2002). Like TRACEr, 

TRACEr-lite can be used both prospectively and retrospectively (Shorrock, 2002). 

TRACEr-lite is made up of several related taxonomies including task error, external error, 

internal error modes, internal error mechanisms, information, performance shaping factors, 

and recovery (Shorrock, 2002). Task errors are concerned with the task being performed 

at the time of the error and information is the topic of the error (Shorrock, 2002). The 

recovery taxonomy is used to describe how error could be detected and corrected before 

the occurrence of an incident or accident (Shorrock, 2002). Retrospective and prospective 

TRACEr-lite procedures differ slightly, as shown in Figure 16. 
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Table 2. TRACEr's IEM and PEM taxonomies within each cognitive domain. Adapted from 

Shorrock & Kirwan (2002) 

Cognitive Domain Internal Error Modes Psychological Error Mechanisms 

Violations  Routine violation 

 Situational violation 

 Exceptional violation 

 Optimising violation 

 

Perception  No detection (auditory) 

 Mishear 

 Hearback error 

 Late auditory recognition 

 Misidentification (visual) 

 Misread 

 Visual misperception 

 Late identification (visual) 

 No detection (visual) 

 Late detection (visual) 

 No identification (visual) 

 Perception error 

 Expectation bias 

 Spatial confusion 

 Perceptual confusion 

 Perceptual discrimination failure 

 Perceptual tunnelling 

 Stimulus overload 

 Vigilance failure 

 Distraction / preoccupation 

Memory  Forget to monitor 

 Prospective memory failure 

 Forget or misrecall previous 

actions 

 Forget temporary information 

 Misrecall temporary information 

 Misrecall stored information 

 Forget stored information 

 Memory error 

 Similarity interference 

 Memory capacity overload 

 Distraction / preoccupation 

 Negative transfer 

 Mis-learning 

 Insufficient learning 

 Infrequency bias 

Judgment, Planning, 

and Decision Making 
 Misprojection 

 Incorrect decision 

 Late decision 

 No decision 

 Under plan 

 Incorrect plan 

 No plan 

 Judgment, planning, and decision 

making error 

 Incorrect knowledge 

 Lack of knowledge 

 Failure to consider side- or long-term 

effects 

 Integration failure 

 Misunderstanding communication 

 Cognitive fixation 

 False assumption 

 Decision freeze 

 Risk recognition failure 

 Risk negation or tolerance 

Action Control  Typing error 

 Selection error 

 Positioning error 

 Timing error 

 Unclear information transmitted 

 Unclear information recorded 

 Incorrect information transmitted 

 Incorrect information recorded 

 Information not transmitted 

 Information not recorded 

 Action omission 

 Action control error 

 Spatial confusion 

 Perceptual confusion 

 Functional confusion 

 Manual variability 

 Habit intrusion 

 Speech variability 

 Thoughts leading to actions / speech 

 Other slip 

 Distraction / preoccupation 
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Figure 16. TRACEr-lite has a retrospective and predictive methodology. TRACEr-RETRO 

shown on the right and TRACEr-PREDICT is shown on the left. Adapted from Shorrock 

(2005).14 

 

2.4.6.3.1 Training 

Little information regarding training of TRACEr or any of TRACEr’s modified 

frameworks has been documented. One study that sought to compare TRACEr-Rail and 

TRACEr-RAV frameworks using graduate students with little human factors experience 

described a one-hour training session that introduced participants to the concepts of human 

error, train tasks, the rail system, and the procedures of TRACEr-Rail and TRACEr-

RAV(Caponecchia, Baysari, & McIntosh, 2012). Despite the training, inter-rater reliability 

was unacceptable for both frameworks. 

                                                 

14 Adapted from Safety and Reliability, Volume 25 No. 2, Shorrock, Steven, TRACEr and 

TRACEr-lite: bridging the gap between incident investigation and performance prediction, 

pages 62-81, Copyright (2005), with permission from Taylor & Francis. 
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2.4.6.3.2 Comprehensiveness 

When designing TRACEr, Shorrock (1997) performed an evaluation on a set of 

ATC accident reports. Nine analysts with backgrounds in human factors were used. 

TRACEr accounted for 98% of errors identified from the set of reports. 

TRACEr-Rail has been useful and comprehensive for the categorization of errors 

within rail accidents related to the train conductor (Baysari, McIntosh, & Wilson, 2008). 

Performance factors within TRACEr-Rail require further detailing including categories for 

environmental factors and safety culture (Baysari et al., 2008). TRACEr-Rail was applied 

to 19 railroad reports; 23 driver errors were found but one of the errors did not have enough 

detail to allow classification (Baysari et al., 2009). The same study analysed the set of 

accidents using HFACS. HFACS had a greater number of errors categorized since TRACEr 

only identified errors specific to the driver. Baysari et al. (2009) found that the TRACEr-

Rail framework lacked several organizational causal factors and that not all post-error 

factors could be classified. 

2.4.6.3.3 Reliability 

During TRACEr’s first evaluation study, nine analysts coded a set of ATC accident 

reports; sufficient agreement was found (Shorrock, 1997). To note, the framework that was 

evaluated included 116 error types that included both PEMs and IEMs within a total of 10 

cognitive domains; this is different than the current framework that is described above. 

 Two analysts used TRACEr-Rail to assess three railroad safety reports. Fifty 

percent inter-rater agreement was identified (Baysari et al., 2009). A 2008 study of 

TRACEr-Rail found that some categories had acceptable levels of agreement, but other 

categories had insufficient inter-rater reliability indicating that category descriptions 

required improvement (Baysari et al., 2008). A different study investigated the usability 

and reliability of TRACEr-Rail and TRACEr-RAV, both frameworks had poor inter-rater 

reliability, with an average agreement of 65% (Caponecchia et al., 2012). 

2.4.6.3.4 Strengths and Weaknesses 

Prior studies have shown that TRACEr is comprehensive when applied 

predicatively and retrospectively (Shorrock, 1997; Stanton et al., 2013). Within an 

evaluation of a TRACEr prototype, the framework’s key strengths included its level of 
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comprehensiveness, a high degree of structure, and acceptability of results (Shorrock, 

1997). TRACEr is based on Wickens’ (1992) model of human information processing, thus 

it has strong theoretical backing (Stanton et al., 2013). TRACEr-Rail was said to have very 

clear descriptions for the categorization of the immediate proximity of the accident that 

resulted in an error (Baysari et al., 2009). 

TRACEr is not without its limitations; several studies have found that TRACEr can 

cause confusion about category use (Baysari et al., 2009; Shorrock, 1997; Shorrock & 

Kirwan, 2002). The identification of the error that initiated the chain of events proved 

difficult. With the identification of an error changing between analysts the types and 

numbers of errors differed significantly (Baysari et al., 2009). Wording within the category 

descriptions was also attributed to low inter-rater reliability. Clearer instructions were 

recommended. 

Additionally, if used to analyze very complex systems the time for training and 

application is expected to be very high (Shorrock & Kirwan, 2002). Additional time would 

also be required if a task analysis was not previously performed (Stanton et al., 2013).  

TRACEr-Rail framework lacked several organizational causal factors and not all 

post-error factors could be classified (Baysari et al., 2009, 2008). 

2.4.6.4 Cognitive Reliability Error Analysis Method (CREAM) 

The Cognitive Reliability Error Analysis Method (CREAM) was developed by Erik 

Hollnagel in 1989 as a second generation proactive and reactive Human Reliability 

Analysis (HRA) approach. CREAM emphasizes that the context around a system or 

accident report be understood and accounted for within the analysis, since decisions are 

very rarely made without consideration to context (Hollnagel, 1998). 

CREAM can identify parts of system and operators’ work that depend on cognitive 

tasks and determine factors that could result in a decrease of cognitive performance 

(Stanton et al., 2013). CREAM also provides a method to determine what outcomes would 

result from a degradation in cognitive performance (Stanton et al., 2013). From the 

analysis, mitigation strategies can be created to improve factors that may cause a decrease 

in cognition. 
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CREAM is based on a theoretical model of cognition called the Contextual Control 

Model (COCOM). COCOM suggest that cognition is not a linear or hierarchical process 

with a sequence of steps, rather cognition is cyclic and controlled by competence and 

resources (Hollnagel, 1998). Hollnagel (1998) argues that cognitive performance is related 

to the level of control and competence the operator has within the situation, which is driven 

by context. When control increases the reliability of an operator’s cognitive processes also 

increases. 

COCOM has four modes of control: (1) scrambled control (2) opportunistic control 

(3) tactical control and (4) strategic control (Hollnagel, 1998). When operators have 

scrambled control, actions or outcomes are unpredictable based on the operator’s prior 

knowledge. Scrambled control often occurs when operators’ workloads are high or the 

tasks are new and/or complicated (Hollnagel, 1998). Opportunistic control is driven by 

salient characteristics within the contextual environment while tactical control is found 

during planned tasks and situations (Hollnagel, 1998). Strategic control is a step higher 

than tactical control. Strategic control occurs when a person has a wider picture of a 

situation or understands a system at a higher level (Hollnagel, 1998). Hollnagel (1998) 

argued that there was a relationship between the type of control and an operator’s 

performance reliability. Scrambled control has the lowest performance reliability, 

performance reliability increases with opportunistic control and tactical control, and then 

plateaus with strategic control. 

CREAM is made up of schemes for phenotypes (error modes) and genotypes 

(causes) (Hollnagel, 1998). Phenotypes are the effects, manifestations, or types of errors 

that can be observed. See Figure 17 for CREAM’s phenotype or error mode scheme. When 

CREAM is used retrospectively, the phenotype is the initiating event in the causal chain 

(Hollnagel, 1998). Genotypes are categories that describe why or how the error occurred, 

see Figure 18 (Hollnagel, 1998). The phenotype and genotype classification schemes act 

as structured methods to link between errors and their causes (Hollnagel, 1998). By linking 

cause and consequence, engineers can predict how errors will occur in the future. By 

understanding error occurrence, mitigation strategies can be created to reduce the 

likelihood of specific errors. 
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Figure 17. CREAM linked classification groups for basic phenotypes (error modes). Boxes three levels down (including timing, 

duration, force, etc.) are general effects, while the boxes below the third level are specific effects. Adapted from Hollnagel (1998). 
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Figure 18. CREAM genotype scheme. Adapted from Hollnagel (1998). 
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Genotypes are broken into three top level categories that are determined by their 

relation to either individuals, technology, or organizations. Each of the genotype categories 

are further broken down into general consequents and specific consequents (Hollnagel, 

1998). Individual related genotypes are further broken down into specific cognitive 

functions, general-person related functions that are temporary, and general person related 

functions that are permanent. Specific cognitive function genoypes are further detailed by 

cognitive functions including observation, interpretation, and planning and execution 

(Hollnagel, 1998). Observation consequents are related to failed observations (Hollnagel, 

1998). Interpretation consequents are related to failures in diagnosis, reasoning, decisions, 

interpretations, and predictions. Planning and execution consequents are related to failures 

in planning and prioritization (Hollnagel, 1998). Person-related functions account for 

consequents that are related to the specific person. 

Technology related genotypes are categorized by equipment failure, inadequate 

procedures, and problems with the man-machine interface (Hollnagel, 1998). 

Organization-related genotypes focus on communication, organization, training, ambient 

conditions, and working conditions (Hollnagel, 1998). The communication category 

focuses on communication failures and missing information. The organization category 

includes consequents of missing maintenance failures, inadequate quality control, 

management problems, design failures, inadequate task allocation, and social pressure 

(Hollnagel, 1998). The training genotype category focuses on consequents of insufficient 

skill and insufficient knowledge while ambient condition genotypes focus on temperature, 

sound, humidity, illumination, and vibration. The work conditions genotype category 

includes general consequents of excessive demand, inadequate workplace layout, 

inadequate team support, and irregular work hours (Hollnagel, 1998). 

Consequents and antecedents from the phenotype and genotype classification 

schemes are used to interconnect errors with their causes. A single consequent can be 

linked to multiple antecedents. One of the antecedents can then be connected to another 

consequent. By linking the antecedents and consequents CREAM allows for a web of 

errors and causes to be created. Hollnagel (1998) maps out the relationships between 

general consequents and general antecedents on pages 179 through 184 of his book. 
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When performing a predictive analysis using CREAM, analysts should first 

perform a Hierarchical Task Analysis (HTA) (Stanton et al., 2013). The analyst then must 

describe the context in which errors could occur using CREAM’s Common Performance 

Conditions (CPCs) (Stanton et al., 2013). CREAM’s CPCs include (Hollnagel, 1998): 

 

 Adequacy of organization 

 Working conditions 

 Adequacy of MMI and operational support 

 Availability of plans and procedures 

 Number of simultaneous goals 

 Available time 

 Time of day (circadian rhythm) 

 Adequacy of training and preparation 

 Crew collaboration quality 

 

CPCs are then rated for importance. The analysts then identify what can trigger the 

start of the event chain and what stages in the chain require further analysis. From the 

initiating event consequents and antecedents are identified to determine how the initiating 

event led to the accident. A consequent/antecedent matrix is created using genotypes as 

column headings and rows as the possible consequents (phenotypes). Steps within the event 

chain are identified for further analysis and then a quantification performance prediction is 

performed (Stanton et al., 2013). 

When using CREAM to perform a retrospective analysis on incidents and 

accidents, the analyst must start by identifying the observed outcome and work backwards 

until the initiating event is identified (Hollnagel, 1998). The analyst must then describe the 

context around the event using CPCs. General possible errors and causes are identified 

followed by the identification of possible genotypes. The genotypes are comprised of the 

consequent-antecedent link. The analysis for a single accident report stops when a specific 

antecedent that does not require an additional consequent-antecedent link is identified 
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(Hollnagel, 1998). The specific antecedent becomes the attributed cause of the accident 

(Hollnagel, 1998). 

CREAM was originally created for the nuclear power industry, but has 

subsequently been used across domains and is accepted as a generic approach (Stanton et 

al., 2013). A modification of CREAM has been created for driving tasks (DREAM).  

DREAM is a CREAM modification for driving (Ljung, 2010) 

2.4.6.4.1 Training Methods 

Training methods were not identified from prior literature. 

2.4.6.4.2 Comprehensiveness 

CREAM has the potential to be very comprehensive and exhaustive (Stanton et al., 

2013). While CREAM covers topics including cognitive errors, communication and 

interaction errors between man and machine, as well as organizational errors, no results 

were found on the comprehensiveness using CREAM. 

2.4.6.4.3 Reliability 

Results for CREAM’s inter-rater reliability when used prospectively were not 

found.   

2.4.6.4.4 Strengths and Weaknesses 

CREAM has several strengths and limitations. CREAM has the potential to be very 

comprehensive and exhaustive, while also allowing for illustration of causal relationships 

(Stanton et al., 2013). CREAM includes considerations for how context, including the 

environment and characteristics of socio-technical systems, can influence human reliability 

and the types of errors that are committed (Stanton et al., 2013). Additionally, CREAM 

offers a clear and structured approach with ample categorical definitions, which may help 

to increase inter-rater reliability when the framework is used prospectively (Stanton et al., 

2013) 

CREAM is not without its limitations. CREAM has not been widely applied which 

is likely due to the resource-intensive nature of the framework’s application (Kirwan, 

1998b; Stanton et al., 2013). CREAM can be complicated and a require a great deal of 

work, especially for novice analysts (Stanton et al., 2013). Training and application time is 
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thought to be high (Stanton et al., 2013). Additionally, CREAM does not offer a method to 

systematically create mitigation strategies (Stanton et al., 2013). 

2.4.6.5 Systematic Occurrence Analysis Methodology (SOAM) 

The Systematic Occurrence Analysis Methodology (SOAM), developed by 

EUROCONTROL (2005), is a comprehensive investigation and analysis methodology that 

can be used to conduct a thorough aviation accident analysis resulting in the creation of 

effective mitigation strategies. SOAM was developed based on five objectives: 

1. To create an investigation methodology that could be applied by a group of 

locally trained investigators (rather than having one investigative body at a 

national level, such as the National Transportation Safety Board). 

(EUROCONTROL, 2005) 

2. To create a standardized investigation terminology that could be used by all 

investigators when discussing accident and industry trends (EUROCONTROL, 

2005). 

3. To support principals of Just Culture within aviation accident investigation 

(EUROCONTROL, 2005). 

4. To support the generation of mitigation strategies based on contributing factors 

identified within accident investigations (EUROCONTROL, 2005) 

5. To provide a common structure with a taxonomic form to be applied across 

investigations (EUROCONTROL, 2005). 

SOAM is based on Reason’s (1990) “Swiss Cheese” Model, described in Section 

2.4.5.1, that suggests accidents are a result of active failures made by the human operator 

and a series of latent errors committed by decision makers that are within higher levels of 

the hierarchical system (Licu, Cioran, Hayward, & Lowe, 2007). SOAM adds classification 

taxonomies to the original model and modifies the verbiage of the “Swiss Cheese” model 

to promote the practices of Just Culture (Licu et al., 2007). The revised model is shown in 

Figure 19.  Reason’s (1990) ‘Fallible Decisions’ became SOAM’s ‘Organizational and 

System Factors’. ‘Line Management Deficiencies’ became were split within SOAM’s 

‘Organizational and System Factors’ and ‘Contextual Conditions’. Reason’s ‘Precursors 
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for Unsafe Acts’ became ‘Contextual Conditions’ and ‘Unsafe Acts’ became SOAM’s 

‘Human Involvement’ (EUROCONTROL, 2005). 

 

 

Figure 19. The "Swiss Cheese" SOAM model, adapted from EUROCONTROL (2005)15. 

Originally adapted from Reason (1990). 

 

Like Reason’s (1990) model, SOAM can be applied prospectively and 

retrospectively (EUROCONTROL, 2005). Using SOAM, investigators should be able to 

identify a chain of events to explain what happened, specify the environmental and 

organizational contributing factors, identify adequate and inadequate barriers within the 

                                                 

15 Reprinted from EUROCONTROL. (2005). Guidelines on the Systematic Occurrence 

Analysis Methodology (SOAM). European Organization for the Safety of Air Navigation. 
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system, create a list of recommended mitigation strategies, and identify key lessons learned 

from the adverse event (Licu et al., 2007). Additionally, if a set of reports are analyzed 

with SOAM, industry trends and barrier deficiencies should be able to be identified (Licu 

et al., 2007). 

SOAM’s methodology consists of six steps, shown in Figure 20. When using 

SOAM, the first step is to collect all relevant data (EUROCONTROL, 2005). 

EUROCONTROL suggests that a modified SHEL model, shown in Figure 21, be used to 

insure that all information is accounted for (EUROCONTROL, 2005). The modified SHEL 

model rearranges the presentation of resources within the system. All resources fall within 

the liveware category since operators are impacted by software, hardware, the 

environment, and interactions with other liveware (EUROCONTROL, 2005). Software 

and hardware remain true to the original SHEL model, where software is comprised of 

policies, procedures, regulations and manual. Hardware is made up of the equipment that 

the liveware interacts with to perform tasks. A liveware/liveware (LL) category was added 

to show the interactions between different actors in the system (EUROCONTROL, 2005). 

Data that should be collected for each of the SHEL categories is specified within 

EUROCONTROL’s (2005) Guidelines on the Systemic Occurrence Analysis Methodology 

(SOAM). 

The second step when using SOAM is to identify absent or failed barriers 

(EUROCONTROL, 2005). Barriers are considered protective procedures or equipment 

that could have prevented or limited the severity of the adverse event if they were correctly 

implemented (EUROCONTROL, 2005). Since an adverse event did occur, there is an 

indication that at least one barrier was missing or inadequately implemented 

(EUROCONTROL, 2005). Barriers are the final item that stand between an adverse event 

occurring or not occurring (Reason, 1990). Using SOAM, barriers can be placed into six 

categories: (1) awareness, (2) restriction, (3) detection, (4) control and interim recovery, 

(5) protection and containment, and (7) escape and rescue (EUROCONTROL, 2005). 
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Figure 20. Methodological six step process for using SOAM. Adapted from 

EUROCONTROL(2005).16 

 

SOAM presents a check question to ensure that the relevant barriers are being 

documented: 

Does the item describe a work procedure, aspect of human awareness, physical 

obstacle, warning or control system, or protection measure designed to prevent an 

occurrence or lessen its consequences? (EUROCONTROL, 2005) 

 

The third step within SOAM is to identify human involvement (EUROCONTROL, 

2005). While many human error frameworks seek to understand why humans performed 

the act or non-act that led to the adverse event, this step seeks only to identify what action 

the human operator did or did not perform (EUROCONTROL, 2005). 

 

                                                 

16 Reprinted from EUROCONTROL. (2005). Guidelines on the Systematic Occurrence 

Analysis Methodology (SOAM). European Organization for the Safety of Air Navigation. 

1. Gather Data

2. Identify Barriers
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4. Identify Contextual Conditions
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6. Prepare SOAM Chart
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Figure 21. Modified SHEL model for SOAM. SOAM suggests that data from accident and 

incidents be collected from all five SHEL categories. Taken from EUROCONTROL 

(2005).17 

 

EUROCONTROL (2005) recommended that analysts review reports manually 

when using the SOAM framework, rather than using a database with pre-defined fields, 

since the analysts may be limited to placing errors into categories that do not sufficiently 

represent what occurred. SOAM uses Rasmussen’s (1982) Model of Internal Human 

Malfunction, see Figure 3, to classify human involvement (Licu et al., 2007). Like step 2, 

human involvement has a check question: 

Does the item describe an action or non-action taking place immediately prior to 

and contributing to the occurrence? (EUROCONTROL, 2005) 

 

                                                 

17 Reprinted from EUROCONTROL. (2005). Guidelines on the Systematic Occurrence 

Analysis Methodology (SOAM). European Organization for the Safety of Air Navigation. 
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The fourth step of SOAM involves identifying contextual conditions that directly 

impacted the human involvement in the adverse event (Licu et al., 2007). Contextual 

conditions are comparable to preconditions for unsafe acts within Reason’s model (1990) 

and HFACS (Shappell & Wiegmann, 2000), performance shaping factors (PSFs) within 

TRACEr (Shorrock, 1997), and task or environmental factors within other frameworks 

(EUROCONTROL, 2005). SOAM has five categories for contextual conditions: (1) 

workplace conditions, (2) organizational climate, (3) attitudes and personality, (4) human 

performance limitations, and (5) physiological and emotional factors (EUROCONTROL, 

2005). Within each contextual condition category factors can be attributed to factors related 

to errors, violation, or both errors and violations. The contextual condition check question 

is as follows: 

Does the item describe an aspect of the workplace, local organizational climate, or 

a person’s attitudes, personality, performance limitations, physiological or 

emotional state that helps explain their actions?  (EUROCONTROL, 2005) 

 

Identifying organizational factors is the fifth step in SOAM (EUROCONTROL, 

2005). Organizational factors are the latent errors resulting from decisions made by 

managers that are in the upper levels of an organization or system that create or allow 

contextual conditions to be present within the system (EUROCONTROL, 2005). 

Organizational factors within SOAM include: (1) training, (2) workforce management, (3) 

accountability, (4) communication, (5) organizational culture, (6) competing goals, (7) 

policies and procedures, (8) maintenance management, (9) equipment and infrastructure, 

(10) risk management, (11) change management, and (12) external environment 

(EUROCONTROL, 2005). Causal factors can be classified in more than one organizational 

factor category. The check question for organizational factor classification is: 

Does the item describe an aspect of an organization’s culture, systems, processes, 

or decision-making that existed before the occurrence and which that resulted in 

the contextual conditions or allowed those conditions to continue? 

(EUROCONTROL, 2005) 

 

The last step of the SOAM process is to summarize the analysis using a SOAM 

Chart (EUROCONTROL, 2005). The SOAM Chart is used to show the contributing factor 
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at each level of the SOAM model: barriers, human influence, contextual conditions, and 

organizational factors (EUROCONTROL, 2005). Once the factors are placed on the chart 

interactions and the influence of contributing factors are linked within and across levels. 

The chart can be used to provide a means of effective communication when comparing 

adverse events, conveying key findings, or summarizing reports (EUROCONTROL, 

2005). An example of a SOAM chart, taken from the EUROCONTROL (2005) report, is 

shown in Figure 22. 

2.4.6.5.1 Training Methods 

SOAM was designed to be easily understandable by individuals with limited 

knowledge of human factors or aviation (EUROCONTROL, 2005). The structured process 

allows investigators to follow the taxonomies and classify events following a short training 

period (EUROCONTROL, 2005). Further details about training on SOAM have not been 

found. 

2.4.6.5.2 Comprehensiveness 

No studies that document the comprehensiveness of SOAM have been found. 

2.4.6.5.3 Reliability 

No studies that document the reliability of SOAM have been found, however it is 

postulated that reliability would be high due to the clear structure and standardized 

terminology that are accompanied with clear definitions (Stanton et al., 2013). 
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Figure 22. Example of a SOAM Chart for the Ueberlingen mid-air collision. Taken from 

EUROCONTROL (2005).18 

 

2.4.6.5.4 Strengths and Weaknesses 

Arnold (2009) compared SOAM and STAMP in an air traffic management accident 

case study. SOAM was said to be a “useful heuristic” and, as EUROCONTROL (2005) 

intended, an effective tool to encourage communication (Arnold, 2009). SOAM has been 

found to be a fairly fast and easy framework to apply partially due to the structures, 

taxonomies, and standardized terminology (Stanton et al., 2013). Arnold (2009) claims that 

SOAM is “quick and dirty” and provides a useful starting point to understand the event, 

but does not provide enough detail about the overall system and the emergent phenomena. 

                                                 

18 Reprinted from EUROCONTROL. (2005). Guidelines on the Systematic Occurrence 

Analysis Methodology (SOAM). European Organization for the Safety of Air Navigation. 
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Arnold (2009) claims that further analysis would be required to understand the higher 

levels within the control structure to enact wider more systematic change, since SOAM 

merely presents the causal factors, but does not allow analysts to go into detail about why 

the causal factors occurred. 

2.4.7 Other Frameworks 

2.4.7.1 Joint Helicopter Safety Analysis Team (JHSAT) Accident Analysis Method & 

Standard Problem Statements (SPS) 

The International Helicopter Safety Team (IHST) came together in 2006 in an effort 

to reduce the worldwide helicopter accident rate by 80% of the course of a ten -year period. 

The IHST decided to tackle the accident rate by having regions within the IHST create 

Joint Helicopter Safety Analysis Teams (JHSAT) for their region. JHSATs were required 

to be composed of stakeholders from the region’s helicopter community (International 

Helicopter Safety Team, 2012). Each JHSAT team would collect a set of helicopter 

accident reports within their region, read and classify the reports for standard problem 

statements (SPS), contributing factors, and intervention recommendations (IR) or 

mitigation strategies (International Helicopter Safety Team, 2012). The proposed IRs 

created by each region’s JHSAT were required to be data driven and IR implementation 

results had to be measurable (International Helicopter Safety Team, 2012). 

The JHSAT method was developed to identify what went wrong and why it went 

wrong, along with the event sequence, problem statements, and recommended IRs 

(International Helicopter Safety Team, 2012). The event sequence shows the chain of 

events, in spreadsheet form, that led to the occurrence of an accident. Events can include 

decisions, failures, actions taken, or actions not taken  (International Helicopter Safety 

Team, 2012). The event sequence is used to create a point of reference when applying SPSs 

to the accident. A set of standard problem statements (SPSs) are reviewed and matched to 

the event sequence to describe what errors were made and why the errors were made 

(International Helicopter Safety Team, 2012). SPSs can include both active and latent 

failures. If a SPS cannot be identified within the existing SPS list, analysts have the 

capability to create a new SPS (International Helicopter Safety Team, 2012). Contributing 

factors are also matched the event sequence to document how pilot, flight, and environment 
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factors played a role in the occurrence of  errors (International Helicopter Safety Team, 

2012). Occurrences are also documented within the JHSAT accident analysis spreadsheet. 

Occurrences categories are used to describe the event directly prior to the accident 

(International Helicopter Safety Team, 2012). 

SPSs are categorized by level of detail. Highest level categories include: (1) ground 

duty, (2) safety management, (3) maintenance, (4) infrastructure, (5) pilot judgment and 

actions, (6) communications, (7) pilot situation awareness, (8) part/system failure, (9) 

mission risk, (10) post-crash survival, (11) data issues, (12) ground personnel, and (13) 

regulatory and aircraft design (International Helicopter Safety Team, 2012). 

The purpose of documenting SPS and contributing factors for each event is to 

ultimately create a set of IRs. When recommending interventions the team of analysts must 

specify why the intervention is be proposed, who would be responsible for executing the 

IR, how the success of the IR can be measured, and when the IR needs to be implemented 

(International Helicopter Safety Team, 2012). 

2.4.7.1.1 Training Methods 

A clear method of training for the use of the JHSAT Accident Analysis Method is 

not specified. IHST recommends that each member on a region’s JHSAT familiarize 

themselves with reports from the dataset so they understand the report format and 

terminology (International Helicopter Safety Team, 2012). IHST also suggests that a new 

JHSAT start the accident analysis as a team to familiarize team members with the accident 

analysis method (International Helicopter Safety Team, 2012). 

2.4.7.1.2 Comprehensiveness 

While there have been several reports from various JHSAT teams, 

comprehensiveness of the JHSAT Accident Analysis Method and the SPS scheme have 

not been discussed. Comprehensiveness of the design is assumed to be high since analysts 

have the option to add SPS categories if current SPSs are not sufficient. One issue to note 

is that the SPS scheme is not based on a theoretical framework or model, thus there could 

be some gaps in comprehensiveness related to models of cognition or information 

processing. 
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2.4.7.1.3 Reliability 

No reports using the SPS scheme have made note of reliability or analyst 

agreement; this may be due to the collaborative nature of the JHSAT working together to 

classify reports. 

2.4.7.1.4 Strengths and Weaknesses 

One key strength of the JHSAT Accident Analysis Method is that the SPS scheme 

was created by individuals within the aviation industry, thus the categorizations are 

applicable to the helicopter domain. Conversely, the JHSAT Accident Analysis Method 

does not appear to be based on any theoretical model, which could make find the true 

causes of errors challenging. 

Furthermore, the JHSAT method was designed to be applied solely to helicopter 

accidents; due to the lack of complete data and variations of information captured and the 

information structure within incident reports (International Helicopter Safety Team, 2012). 

While limited to helicopter accident reports, the analysis is still subject to missing or 

incomplete data within the accident report set. Missing or incomplete data is largely an 

issue within General Aviation accidents, but commercial operations still run into such 

problems due to minimal requirements for on board data recorders (International 

Helicopter Safety Team, 2012). 

2.5 Evaluating Human Error Frameworks 

Many prior studies have sought to evaluate human error frameworks. The three 

most common categories of evaluation criteria include reliability, comprehensiveness, and 

usability. Several studies also discuss diagnosticity and validity.  

2.5.1 Reliability 

Within human error frameworks, reliability, also known as consistency, is 

considered the ability for a framework to reproduce the same results if applied to the same 

set of reports by two or more separate analysts (Kirwan, 1992b; S. O’Connor & Hardiman, 

1997; Taib, McIntosh, Caponecchia, & Baysari, 2012). Reliability can be measured by the 

number or percent of causal factor classifications that two or more analysts agree on within 

a single study (Baysari et al., 2009; Wiegmann & Shappell, 2001b). Additionally, 

reliability is often measured using Cohen’s Kappa (Wiegmann & Shappell, 1997, 2001b). 
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Cohen’s Kappa provides a value between 0 and 1. The value takes into account that the 

level of agreement is greater than chance. Kappa values higher than 0.60 are viewed as 

having acceptable inter-rater reliability (Fleiss, 1971). Cohen’s Kappa values of 0.75 to 

1.00 are said to have excellent levels of inter-rater reliability (Fleiss, 1971). 

2.5.2 Comprehensiveness 

Measures of comprehensiveness describe the level that a human error framework 

captures all the relevant information that led to an undesirable event (Kirwan, 1992b, 

1998b; S. O’Connor & Hardiman, 1997). The degree of comprehensiveness that 

researchers are interested in depends on the level of detail desired for the analysis (Kirwan, 

1992a; Wiegmann & Shappell, 2001b).  

Comprehensiveness is closely tied with consistency, or the degree of structure 

within the framework (Kirwan, 1998b). If a framework has too few categories it could be 

underspecified and there is a risk of failing to document relevant information (Kim & Jung, 

2003; Wiegmann & Shappell, 2001b). If a framework has too many categories there is a 

risk of over specifying and producing overlapping categories. Categories that overlap often 

cause confusion and inter-rater reliability is lower. 

In past studies comprehensiveness has been measured by the percent of causal 

factors that did or did not fit within the framework (Wiegmann & Shappell, 1997). Other 

studies had documented the number of causal factors that did and did not fit within the 

framework (Baysari et al., 2009). 

2.5.3 Usability 

Usability or utilitarian criteria measure seek to identify how practical, efficient, or 

easy to use frameworks are (Beaubien & Baker, 2002; Hollnagel, 1998; Taib et al., 2012; 

Wiegmann & Shappell, 2001b). Kirwan (1992b) indicated that frameworks should be 

useful and accurate so that they can support future steps to reduce errors. Level of 

acceptance and use of a framework or taxonomy would also indicate its perceived usability 

(Fleishman & Quaintance, 1984; S. O’Connor & Hardiman, 1997). 

Usability could be influenced by the organization of the framework or the 

description as well as the number and clarity of categories. Measures of usability also 

include the time required for training and the application of the framework (Kirwan, 1992b, 
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1998a; Tullis & Albert, 2008), as well as the level of expertise required of the analysts 

(Beaubien & Baker, 2002; Kirwan, 1998a). Usability of frameworks can also be evaluated 

using “ease of use questionnaires” to collect feedback regarding usability characteristics 

from the analysts including analysts’ confidence in their classifications for each report 

(Tullis & Albert, 2008). Additionally, usability measures can include the degree to which 

frameworks can increase communication amongst different groups and the degree to which 

the process can be documented; in other words, the findings of the frameworks should be 

clear enough for various stakeholders to understand (Beaubien & Baker, 2002; Kirwan, 

1992b, 1998a). 

2.5.4 Diagnosticity 

Diagnosticity measures examine the degree of interrelations between causal factors 

to identify why the adverse event occurred (S. O’Connor & Hardiman, 1997). While almost 

all frameworks capture what occurred, diagnosticity seeks to identify how well frameworks 

identify why an adverse event occurred (Wiegmann & Shappell, 2001b).  To answer the 

question, frameworks must be able to trace causal factors back far enough to identify the 

initial trigger that set off the chain of events (Reason, 1990). 

2.5.5 Validity 

Validity has been argued to be the most important factor in the evaluation of 

frameworks (Wiegmann & Shappell, 2001b). In order for a framework to be valid, the 

framework must meet all dimensions of evaluation described previously (Wiegmann & 

Shappell, 2001b). Validity measures seek to identify if a framework measures what it is 

intending to measure (Anastasi, 1988). There are several different types of validity 

including: internal validity, external validity, face validity, content validity, criterion 

validity, and construct validity.  

Internal validity is concerned with the degree in which taxonomies are clearly 

organized which is often reflected in measures of reliability (Fleishman & Quaintance, 

1984). If a framework receives high measures of inter-rater reliability amongst novices, 

then it means that the framework is well organized, reliable, exhaustive, and has minimal 

overlap in category descriptions. Such a framework may have high internal validity 

(Beaubien & Baker, 2002; Fleishman & Quaintance, 1984; Kirwan, 1997). Frameworks 
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with high internal validity must also be immune to minute changes in descriptive wording, 

be comprised of exhaustive categories, and reveal relevant and meaningful patterns 

(Beaubien & Baker, 2002). 

External validity often encompasses what people generally refer to validity, that is, 

the degree that a framework does what it was designed to do (Fleishman & Quaintance, 

1984). External validity is concerned with generalizability and the robustness of findings 

produced as well as the ability of a framework to predict future outcomes (Beaubien & 

Baker, 2002). 

Face validity or theoretical validity relates to how well the framework is grounded 

in a theoretical model of human performance or human error (Kirwan, 1998a). A human 

error framework grounded within a theoretical model is more likely to be accurate and 

predictive while also achieving greater inter-rater reliability (Isaac et al., 2002). Using a 

theoretical model in a human error framework also allows for a method of organizing 

classifications to find trends within the data (Isaac et al., 2002). Theoretical models also 

provide a greater possibility that recommended mitigation strategies will have tangible 

changes (Isaac et al., 2002).  

2.6 Prior Helicopter Research 

There have been many helicopter accident report analysis studies over the past 

decades. Studies tend to focus on a large set of reports including multiple mission types in 

a region or focus on a single mission within a specified region. Generally, reports look at 

odds ratios of flight or pilot characteristics that result in an accident, but rarely are odds 

ratios compared across missions. The following section provides an overview of results of 

prior studies. 

2.6.1 CFR Part 91 verse CFR Part 135 

Federal Aviation Regulations (FARs) classify aircraft operations under different 

part numbers to parse what missions must abide by specific sets of rules and regulations. 

Table 3, from Fox (2002), shows the different types of rotorcraft operations in the United 

States that fall within each FAR. The vast majority of mission sets fall within Part 91, 

General Operating and Flight Rules, and are less regulated than those under Part 135, 

Commuter and On Demand Operations.  
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A 2011 report by the U.S. Joint Helicopter Safety Analysis Team (U.S. JHSAT) 

summarized findings from 523 NTSB accident reports collected during years 2000, 2001, 

and 2006. The U.S. JHSAT (2011) found that 70% of accidents occurred in Part 91 Federal 

Aviation Regulations. A different study matched 84 NTSB reports from fatal helicopter 

accidents in the United States between 1993 and 1999 with autopsy reports. Of the 84 fatal 

accidents, 63.5% occurred under CFR Part 91 and 20.3% occurred under CFR Part 135 

(Taneja & Wiegmann, 2003). The findings from the U.S. JHSAT report may have a higher 

percent of Part 91 accidents since the report is more recent and there has been an increase 

in amateur Part 91 helicopter operations over time (F. D. Harris, 2006). 

Table 3. Types of civil helicopter operations by Federal Aircraft Regulation (FAR). 

Adapted from (Fox, 2002). 

FAR Type of Civil Operations 

137 Aerial Applications 

133 External Loads (Logging) 

External Loads (Others) 

135 Air Taxi (Air Medical Service) 

Air Taxi (Commercial Air Tour) 

Air Taxi (Commercial Passenger – Other) 

Air Taxi (Cargo) 

91 Aerial Observation/Patrol 

Air Medical Services 

Business 

Commercial Air Tour 

Corporate/Executive 

Electronic News Gathering 

Instructional (Part 61/145) Training 

Maintenance / Test Flight 

Personal / Private 

Positioning / Ferry 

Sightseeing 

Utility Patrol and Construction 

Other Aerial Work 

N/A Public Use/Government Use (FARs not applicable) 
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While both sources found a higher number of accidents in Part 91 operations, 

accident rate information related to 100,000 flight hours was unavailable. A higher percent 

of Part 91 operations may indicate that Part 91 operations are more dangerous or that there 

are more Part 91 flights than Part 135 flights. The later theory would make sense 

considering the larger number of missions within Part 91 than Part 135. 

2.6.2 Mission Type and Activities 

Helicopter accident analyses commonly takes two paths: (1) all accidents in a 

region are analyzed as a group or (2) only accidents within a specific mission type in a 

specified region are analyzed. Analyzing all helicopter accidents as a single group may 

allow for enough data to find significant trends, but the data may be skewed since some 

missions are more dangerous than others (Fox, 2002). Analyzing accidents in a single 

mission type allows for the leadings causes of accidents in the operation set that is specific 

for a set of tasks, but studies have not yet targeted a larger set of mission types. 

The U.S. JHSAT (2011) report categorized the 523 accidents by missions. Aerial 

application composed 10.3% of accidents, aerial observation (4.2%), air tour/sightseeing 

(5.9%), business (4.8%), commercial (7.5%), electronic news gathering (1.7%), helicopter 

air ambulance (7.6%), external load (2.7%), firefighting (3.6%), instructional/training 

(17.6%), law enforcement (6.7%), logging (2.7%), offshore (4.2%), personal/private 

(18.5%), and utilities patrol/construction (2.1%). As seen in Figure 23, personal / private 

missions were responsible for the highest number of overall accidents as well as the highest 

number of fatal accidents, but instructional training had the highest number of non-fatal 

accidents (U.S. Joint Helicopter Safety Analysis Team, 2011). With seven out of nineteen 

accidents resulting in fatalities, firefighting was the mission with the largest percent of 

accidents within the mission resulting in fatalities. 

Reports were also categorized by the activity that was being performed at the time 

of the accident  (U.S. Joint Helicopter Safety Analysis Team, 2011). Categories of activities 

included aerial application (representing 9.0% of total accidents), aerial observations 

(6.1%), air tour / sightseeing (5.0%), animal control / hunting (1.7%), electronic news 



88 

 

 

gathering (1.0%), emergency medical services (1.1%), external load (7.6%), ferry (4.0%), 

instructional / training (22.8%), law enforcement (2.5%), maintenance / test flight (2.5%), 

passenger /  cargo (9.8%), personal / private (12.42%), positioning / return to base (13.2%), 

search and rescue (0.4%), and utilities patrol (1.0%) (U.S. Joint Helicopter Safety Analysis 

Team, 2011). Personal / private and instructional / training activities were in the top three 

activities resulting in the highest percent of accidents. 

The European Helicopter Safety Team (2006) found that 33% of accidents occurred 

when performing aerial work, 19% occurred during commercial air transport, 45% 

occurred within general aviation, and 3% of accidents involved state/government flights. 

A study by Rhee, Holmes, Moecke, and Thomas (1990) compared accident rates 

and fatal accident rates, by number of accidents per 100,000 flight hours between air-taxi 

missions from 1980 to 1985 and helicopter air ambulance (HAA) missions from 1982 to 

1987 within the United States. HAA missions had significantly higher accident rates and 

fatal accident rates than air-taxi missions (Rhee, Holmes, Moecke, & Thomas, 1990). Total 

accident rates and fatal accident rates were also compared for HAA missions in the United 

States and Germany, differences in rates were not statistically significant indicating that 

HAA missions as a whole are more dangerous than air-taxi missions (Rhee et al., 1990). 

The accident rates were calculated based on flight hour approximations that likely have 

some amount of error. Several factors may contribute to the difference in accident rates 

including that air-taxi flights normally land in designated landing areas and that HAA 

flights are often accompanied by additional time pressure to pick up a patient and deliver 

them to a hospital. Differences in causal factors between mission types or countries were 

not explored in this study. 
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Figure 23. A total of 523 accident reports broken down by industry and fatalities. 

Adapted from (U.S. Joint Helicopter Safety Analysis Team, 2011). 

 

Manwaring et al. (1998) analyzed 230 helicopter accident reports for external load 

operations in the United States between 1980 and 1995. The largest number (65 accidents, 

28% of external load accident analyzed) of accidents involving external load operations 

occurred when heli-logging. Eighteen percent of external load operation accidents analyzed 

were for construction, 13% were for miscellaneous cargo, and 21% of operations were 

unspecified.  

While the studies included within this section do not cover the same missions, it is 

clear that some missions are more prone to accidents than others. It is not entirely clear 

which missions have the highest risk of accidents due to limited data about the number of 

flight hours for each mission type. 
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2.6.3 Accident Severity 

One way to determine the severity of accidents is to examine the fatality rate from 

different characteristics of the flights. Severity can be classified in several ways, some 

studies compare fatal accidents to non-fatal accidents, while others create categories of 

severity that include no injury, minor injuries, injuries requiring hospitalization, and 

fatalities. Sixteen percent of 523 accidents analyzed across missions by U.S. JHSAT (2011) 

resulted in fatalities while 54% of accidents resulted in no injuries. Of the 311 accidents 

analyzed by EHEST (2010), 44% of accidents resulted in no fatality or injury, 21% 

reported minor injuries, 13% had serious injuries, and 22% of accidents resulted in a 

fatality. 

Nineteen of 99 (19.2%) accident reports from HAA missions in Germany from 

1970 to 2009 resulted in fatalities (Hinkelbein, Dambier, Viergutz, & Genzwiiker, 2008). 

Rhee et al. (2009) found that three of eight (37.5%) German HAA accidents were fatal and 

19 of 47 (40.4%) United States HAA accidents resulted in one or more fatality. A study of 

84 HAA accidents in the United States from 1993 to 2002 found a fatality rate of 0.86 

fatalities per accident and 0.76 non-fatal injuries per accident (Bledsoe & Smith, 2004). 

Forty-four percent of the HAA accidents did not result in injuries or fatalities. Thirty-six 

percent of accidents resulted in injuries only and 23% of accidents resulted in only 

fatalities. Ten percent of HAA accidents resulted in a mixture of fatalities and injuries. 

Habib et al. (2014) analyzed 139 HAA accidents from the United States between 1998 and 

2012; 32.4% of the accidents resulted in fatalities. 

Baker et al. (2011) found that 54% of the 178 oil and gas accidents that occurred in 

the Gulf of Mexico resulted in a fatality. Fifty-three of 221 (24.0%) United States air-taxi 

accidents were fatal (Rhee et al., 1990). 

A study of 230 external load accidents in the United States from 1980 through 1995 

found that 19% of accidents resulted in one or more fatalities (Manwaring et al., 1998). 

Accident reports consisted of 44 flight crew fatalities (19% fatality rate) and 57 work crew 

fatalities (25% accident fatality rate). Twenty-two percent of accidents resulted in one or 
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more non-fatal injuries. The work crew consisted of the flight crew in addition to 

passengers and ground crew. There were 55 serious non-fatal injuries (24% serious injury 

rate) to the flight crew and 74 serious non-fatal injuries (32% serious injury rate) to the 

work crew. Of the different types of external lift operations (logging, construction, cargo, 

logging, etc.) heli-logging was identified as having the greatest risk of resulting in a fatality 

or serious non-fatal injury (Manwaring et al., 1998). 

By comparing studies that focus on separate missions it is clear that some mission 

types result in a greater percent of fatalities than others. Unfortunately, determining which 

mission types have a greater number of fatalities does not provide the whole picture since 

different missions operate in different characteristics. For example, within the United 

States, aerial applications such as crop dusting are only performed during the day while 

HAA is performed during the day and night. De Voogt (2011) analyzed 7,863 accidents 

within the United States. The chance of an accident resulting in a fatality was significantly 

higher at night. This may be attributed to the decrease of low altitude missions that operate 

at night, since accidents initiated at lower altitudes are less likely to result in fatalities (de 

Voogt, 2011). 

Fatality rates also differ by phase of flight. Fatalities are less likely when operating 

at a lower altitude and at lower speeds. A study by Taneja and Wiegmann (2003) focused 

on the analysis of 84 fatal NTSB accident reports that occurred in the United States between 

1993 and 1999 that were paired with autopsy findings. The study found that the top three 

phases of flight that led to fatal accidents were maneuvering (31.1% of accidents), cruising 

(22.9%), and hovering (16.2%) (Taneja & Wiegmann, 2003). 

A study of 190 accident reports from New Zealand between 1988 and 1994 found 

that the nature of the crash terrain and post-crash fire significantly increased the risk for 

fatal injuries (O’Hare, Chalmers, & Scuffham, 2006). O’Hare et al. (2006) defined the 

fatality rate as the rate that pilots involved in the crash received injuries that resulted in a 

fatality. Within the study, a fatality rate of 7.4% was found. Serious injuries were defined 

as crashes that required the pilot to be admitted into a hospital. The study also identified 
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that failure to perform a weather briefing, the mission type, and having passengers onboard 

increased the risk of serious injury (O’Hare et al., 2006). 

2.6.4 Phase of Flight 

Each phase of flight has a unique set of tasks and demands. It is to be expected that 

some phases of flight will be more likely to produce a negative outcome than others. U.S. 

JHSAT (2011) categorized accidents by the phase of flight when the error sequence was 

initiated. The approach phase of flight accounted for 6.9% of total accidents, en route 

(19.5%), hover (17%), landing (20.7%), maneuvering (19.1%), standing (3.8%), take-off 

(12.6%), and taxi (0.4%) (U.S. Joint Helicopter Safety Analysis Team, 2011). The largest 

number of accidents occurred in landing, en route, and maneuvering, as shown in Figure 

24, however landing had very few fatal accidents likely due to the low altitude required 

during that phase of flight (U.S. Joint Helicopter Safety Analysis Team, 2011). 

Twenty-eight percent of accidents in Europe between 2000 and 2005 occurred 

while en route, while 67% of fatal accident occurred while en route (European Helicopter 

Safety Team, 2010). This may be due to the en route phase of flight occurring at higher 

speeds and higher altitudes than other phases of flight such as landing, hovering, and 

maneuvering. The number of accidents occurring en route were followed by accidents 

when maneuvering and accidents during approach and landing phases of flight, though the 

number of fatal accidents was relatively small and most likely due to the lower altitude 

required at those phases of flight (European Helicopter Safety Team, 2010). Taxiing and 

standing each consisted of less than 20 accidents over the five year period. 

An analysis of 230 helicopter accidents in New Zealand 1996-2005 and 566 

accidents in the United Kingdom from 1986-2005 found that the majority of accidents 

occurred during cruise phase, though a large portion of accidents also occurred when in 

landing and hovering phases (Majumdar, Mak, Lettington, & Nalder, 2009).  
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Figure 24. A total of 523 accidents broken down by phase of flight and fatalities. Adapted 

from (U.S. Joint Helicopter Safety Analysis Team, 2011). 

 

Taneja and Wiegmann (2003) collected 272 fatal helicopter accident reports from 

1993 to 1999 from the NTSB database. NTSB reports were matched with autopsy reports, 

resulting in 84 accidents for analysis. Accidents initiated while maneuvering accounted for 

31.1% of the fatal flights, followed by cruising and hovering, corresponding to 22.9% and 

16.2% of fatal accidents respectively (Taneja & Wiegmann, 2003). 

Accidents during the landing phase of flight accounted for 44.4% of HAA accident 

reports from Germany between 1970 and 2009 (Hinkelbein, Dambier, Viergutz, 

Genzwiiker, & Genzwürker, 2008). Over half of the accidents during landing were caused 

by a collision with an obstacle.  Collisions with the ground or water accounted for 11.3% 

of accidents during landing. Accidents while en route accounted for 26.3% of reports.  

Thies, Sep, and Derksen (2005) conducted a study using 27 HAA accident that 

occurred in Germany between 1980 and 2001; the study was limited to on-scene calls. The 
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majority of accidents occurred when the helicopter was landing on-scene. Fifty-five 

percent of accidents reports cited contact with objects when landing on-scene; this is 

consistent with the findings from Hinkelbein et al. (2008). Eight percent of accidents 

occurred when the helicopter was taking off from the scene. 

A study of 139 HAA accidents in the United States between 1998 and 2012 found 

that 71.2% of crashes occurred during the originating leg of the flight (i.e. to the scene or 

to the transfer hospital) (Habib et al., 2014). Within the United States there are three types 

of HAA providers: commercial, not-for-profit, and public safety. Commercial operators 

had a significantly higher number of accidents at the on-scene locations (Habib et al., 

2014). 

A study of external load accidents identified that most accidents occurred during 

hover (35%) or maneuver (23%) phases of flight (Manwaring et al., 1998). Thirty-one 

percent of heli-logging accidents occurred within the maneuvering phase, while 19% of all 

other external load accidents occurred while maneuvering. 

Throughout prior literature, maneuver, en route, hover, and landing produce the 

highest accident rates. The mission type influences what phase of flight has the highest 

number of accidents. This may be due to different missions having different task demands 

in specific phases of flight or that different missions spend a greater amount of their time 

in a particular phase of flight. For instance, Manwaring et al. (1998) found that heli-logging 

had the greatest number of accidents while maneuvering, but a heli-logging helicopter is 

likely spending the majority of its time maneuvering while a HAA helicopter is spending 

the vast amount of its time en route or landing. The percent of time each mission spends in 

each phase of flight has not yet been documented. Additionally, the differences between 

mission types for the same phase of flight has yet to be officially specified. 

2.6.5 Time of Day 

The majority of accidents analyzed, across mission types, by U.S. JHSAT (2011) 

occurred during the day in visual meteorological conditions (VMC). De Voogt (2011) 

analyzed 7,863 NTSB helicopter accident reports from a 25 year period between 1982 and 
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2006. The number of accident reports was significantly higher for daytime operations than 

nighttime operations (de Voogt, 2011). The results are consistent with the U.S. JHSAT 

(2011) findings where 11% of accidents across mission types occurred during night 

operations, leaving 89% of accidents to occur during the day.  An oil and gas operations 

accident analysis study found that 96% of the 178 crashes analyzed occurred during 

daylight hours (Baker, Shanahan, Haaland, Brady, & Li, 2011). 

A majority (88.9%) of HAA accidents in Germany from 1970 to 2009 occurred 

during day operations (Hinkelbein et al., 2008). Only 52% of 84 HAA accidents in the 

United States from 1993-2002 occurred during daylight hours (Bledsoe & Smith, 2004). 

According to Rhee et al. (1990) all HAA operations in Germany occur during daylight 

hours, this may account for the large difference  in percent of accidents occurring in the 

day between Germany and the United States. 

It makes sense that the vast majority of accidents occur during the day since the 

majority of mission types only operate during daylight hours. What does remain interesting 

is how the causal factors that result in accidents differ from daytime operations to nighttime 

operations. De Voogt (2011) found that causal factors including failure to maintain rotor 

revolutions per minute (RPM), problems with flight controls, autorotation, and terrain 

conditions were significantly higher during the day. Causal factors that were significantly 

higher at night included bad weather conditions, inadvertent instrument meteorological 

conditions (IMC) (i.e., flying from clear conditions into poor visibility conditions), failure 

to maintain visual lookout, and failure to maintain altitude/clearance (de Voogt, 2011).  

2.6.6 Meteorological Conditions 

Like time of day, the majority of helicopter operations occur during good weather. 

Additionally, the majority of pilots are not allowed to fly instrument flight rules and are 

only supposed to fly during visual meteorological conditions (VMC). As one would expect 

only a small number (6%) of accidents occurred in instrument meteorological conditions 

(IMC) across mission types (U.S. Joint Helicopter Safety Analysis Team, 2011). A study 

focused on fatal accidents found that 82.4% of fatal accidents occurred during VMC, while 
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13.5% of accidents occurred during IMC (Taneja & Wiegmann, 2003). Bad weather was 

found to significantly increase the risk of a fatal outcome in an oil and gas helicopter 

accident (Baker et al., 2011) as well as in a HAA on-scene accident (Thies, Sep, & Derksen, 

2006).  

2.6.7 Engine Type 

Majumdar et. al (2009) found that light single piston helicopters had the largest 

percent of accidents compared to all other helicopter classifications. Taneja and Wiegmann 

(2003) had similar results where 86.5% of the 84 fatal accidents analyzed occurred in a 

helicopter equipped with a single engine.  

2.6.8 Pilot Flight Hours 

Studies have found that less experienced pilots are more likely to have an accident. 

Overall helicopter flight hours of pilots involved in accidents followed an exponentially 

shaped distribution where more than twenty-five percent had less than 1000 flight hours 

(U.S. Joint Helicopter Safety Analysis Team, 2011).  

A study of 142 NTSB accident reports for aerial application and 120 NTSB accident 

reports for external lift operations from 1998 to 2005 found that pilots with less than 10,000 

flight hours were significantly more likely to have an accident related to pilot error than 

pilots with greater than 10,000 flight hours (de Voogt, Uitdewilligen, & Eremenko, 2009). 

Less experienced pilots were also significantly more likely to be part of a fatal accident (de 

Voogt et al., 2009). 

Low et al. (1991) conducted a survey of 173 HAA programs in the United States to 

determine the number of patients transported and the number of accidents and incidents for 

each program over a 35-month time span. Programs that flew more than 1,000 flights 

during the 35-month time period were one-eighth as likely to have an accident than those 

programs that flew less than 1,000 flights (Low, Dunne, Blumen, & Tagney, 1991). If a 

program has a greater number of flights, it is more likely that the pilots within the program 

will have more flight experience. 
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An exponentially shaped distribution was also observed for the pilot flight hours in 

the make and model of helicopter (U.S. Joint Helicopter Safety Analysis Team, 2011). 

Over 28% of accidents involved pilots with 101 to 500 flight hours in the make and model 

flown during the accident (U.S. Joint Helicopter Safety Analysis Team, 2011). O’Hare et 

al. (2006) had found that the only pilot-related characteristic to increase the fatality rate 

was the number of hours a pilot had on the specific make and model of the aircraft. 

However, when accounting for environmental conditions, including post-crash fire and off-

airport locations, the flight hours on the make and model were no longer significant. 

2.6.9 Causal Factors and Human Error Frameworks 

2.6.9.1 Ad hoc Error Classification 

Studies have identified the cause of accidents to varying degrees of detail. At the 

highest level of detail, studies documented the number of accidents caused by pilot error 

versus mechanical failure. All studies identified pilot error or human error as the leading 

cause of accidents. 

A study of 84 fatal accidents in the United States between 1993 and 1999, 63.5% 

of the accidents identified pilot error as a primary cause (Taneja & Wiegmann, 2003). 

Mechanical failure was identified as the primary cause in 22.9% of fatal accidents. Harris 

(2006) analyzed 8,436 NTSB accident reports from 1964 to 1997; mechanical malfunction 

accounted for less than 13% of accidents. 

Harris (2006) found that 30% of accidents were caused by loss of engine power. 

Engine structural failure accounted for one fifth of the 30% of accidents. The primary cause 

of loss of engine power was the mixture of air to fuel, commonly caused by fuel starvation. 

Single engine piston and single engine turbine had similar rates of loss of engine power 

resulting in an accident (Harris, 2006). 

Within external load accidents, 44% of reports identified flight crew or pilot error 

as a causal factor of the accident (Manwaring et al., 1998). Pilot error was less frequently 

seen in heli-logging accident reports than other external load operations. The most common 

source of pilot error within heli-logging that was identified by Manwaring et al. (1998) was 
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fuel starvation, which is consistent with findings from Harris. Thirty-eight percent of 

reports identified mechanical failure and 10% identified maintenance as a causal factor 

(Manwaring et al., 1998).  

HAA has been a focus of incident and accident report analyses in recent years. One 

study used HFACS to analyze 99 accident reports for HAA missions within Germany from 

1970 to 2009 (Hinkelbein et al., 2008). Human factors were identified as the leading 

contributor towards accidents; technical problems were only responsible for 7.7% of the 

accidents. Sixty-four percent of HAA accidents in the United States from 1993-2002 were 

primarily attributed to pilot error while 22% of accidents were attributed to mechanical 

failure (Bledsoe & Smith, 2004).  Thies et al. (2006) analyzed 27 HAA on-scene call 

accidents in Germany between 1980 and 2001. All on-scene accidents analyzed were 

attributed to pilot error (Thies et al., 2006).  

Within United States common factors leading to HAA accidents included technical 

failure resulting in improper command of the aircraft, poor decision making, and 

insufficient pre-flight preparation (Habib et al., 2014). Pilot error and human error were 

significantly more common in HAA accidents for commercial and not-for-profit operators 

than for public safety operators.  

Baker et al. (2011) analyzed 178 NTSB helicopter accident reports from 1983 to 

2009 for oil and gas operations in the Gulf of Mexico. Mechanical failure was the leading 

cause (38%) of crashes, with loss of engine power being the primary cause of mechanical 

failure. Loss of engine power resulted in 31% of fatal crashes and 71% of non-fatal crashes. 

Bad weather accounted for 16% of crashes and 40% of fatalities. Pilot error was found to 

be responsible for 47% (Baker et al., 2011). Poor decision making played a role in 39% of 

accidents and seven accidents were caused by inattention. Improper preflight checks were 

a contributor in 12 accidents. 

A study by de Voogt, Uitdewilligen, and Eremenko (2009) analyzed 142 NTSB 

accident reports for aerial application and 120 NTSB accident reports for external lift 

operations from 1998 to 2005. While several human error frameworks were discussed, it 
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was not clear that a particular framework was applied. Causal factors and information in 

the narrative summary of the NTSB report was used by a single analyst to attribute cause 

of the accident. The study found that forty-four percent of aerial application accidents and 

twenty-two percent of external load accidents were attributed to pilot error (de Voogt et 

al., 2009). Pilot error was notably less when the helicopter was in hover. Additionally, 

pilots with less than 10,000 flight hours were significantly more likely to have an accident 

related to pilot error than pilots with greater than 10,000 flight hours (de Voogt et al., 2009). 

Less experienced pilots were also significantly more likely to be part of a fatal accident (de 

Voogt et al., 2009). 

2.6.9.2 Formal Error & Outcome Frameworks 

The U.S. JHSAT (2011) broke down the accidents by Standard Problem Statements 

(SPS) to varying degrees of detail. SPS includes more than 400 factors in 14 categories 

(European Helicopter Safety Team, 2010). The U.S. JHSAT (2011) team used top-level 

(level 1) standard problem statements including pilot judgment and actions (84% of total 

accidents in the United States), safety management (43%), ground duties (37%), pilot 

situation awareness (31%), system component failure (28%), maintenance (20%), mission 

risk (19%), post-crash survival (13%), regulatory (9%), communications (9%), safety 

systems and equipment (7%), infrastructure (5%), and non-crew personnel (2%). Note that 

an accident can be attributed to multiple SPSs. The pilot judgments and actions category is 

further broken down into SPS Level 2 categories including landing procedures (40% of 

total accidents), human factors – pilot’s decisions (36%), procedure implementation (35%), 

flight profile (24%), human factors- pilot / aircraft interface (13%), and crew resource 

management (10%). While one would assume that pilot judgment and action is directly 

connected to human error, there are other SPS level 2 categories that also indicate human 

error. Other sub-categories that are related to human error include the safety management 

SPS Level 2 categories of pilot experience (14%) and pilot (6%) as well as all SPS Level 

2 categories in Ground Duties that include mission / flight planning (24%), aircraft 

preflight (10%), preflight briefing (4%), weight and balance (2%), and post-flight duties 

(1%). Pilot Situation Awareness SPS Level 2 categories that may indicate the presence of 
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human error include external environment awareness (20% of total accidents), internal 

aircraft awareness (4%), and crew impairment (1%). 

EHEST (2010) used both SPSs, HFACS, and HFACS Maintenance Extension 

(HFACS ME) to analyze 311 accidents that occurred in Europe between January 2000 and 

December 31, 2005. The report mentions use of multiple coding schemes added to the level 

of understanding of the reports since SPS focuses on the technical issues associated with 

the helicopter and HFACS focuses on human error and the latent errors within 

management. Using the SPS coding scheme, 1836 standard problem statements were 

identified from reports. Forty percent of the reports were not able to be analyzed using the 

SPS scheme due to insufficient data. As seen in the U.S. JHSAT (2011) report, pilot 

judgment and action was the category identified in the largest number of accidents 

(approximately 70%) (European Helicopter Safety Team, 2010). Within the second level 

of Pilot Judgment and Action, pilot decision making was responsible for 35% of accidents, 

mission planning and environmental awareness were factors in 33% and 23% of accidents 

respectively. Safety Culture and Management was, again, the second largest category, 

identified as a factor in 52% of accidents. Ground duties, that included insufficient pre-

flight planning or pre-flight checks were identified as a factor in 40% of accidents analyzed 

(European Helicopter Safety Team, 2010). 

EHEST (2010) identified pilot decisions, mission planning, and environmental 

awareness as the top three factors identified with commercial air transport accidents. 

Terrain and obstacles, mission planning, and pilot’s decisions were the top three factors 

associated with accidents in aerial work (European Helicopter Safety Team, 2010). Within 

general aviation the top three factors contributing to an accident included pilot’s decisions, 

mission planning, and inadequate pilot experience. 

2.6.9.3 Human Error Frameworks 

While human error frameworks have been applied extensively to fixed wing 

aviation operations, there has been relatively limited use of human error frameworks within 

rotorcraft operations. After a through literature review, the Human Factors Analysis and 
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Classification System (HFACS) was the only human error framework found to have been 

applied to helicopter incident and accident reports. 

Seventy-eight percent of the 311 accidents analyzed by the EHST with HFACS had 

one or more factors identified (European Helicopter Safety Team, 2010). The remaining 

accidents could not be classified using HFACS due to the lack of details provided in the 

reports. Unsafe acts were identified as a factor in 56% of accidents analyzed. The majority 

of unsafe acts identified were further classified as judgment and decision errors. Violations 

were only identified in 13% of accidents. Preconditions for unsafe acts were identified as 

factors in 59% of accidents. The majority of preconditions for unsafe acts were related with 

conditions of the operator. Personnel factors and environmental factors, both categorized 

as preconditions for unsafe acts, were identified in 21% and 15% of accidents respectively. 

Unsafe supervision and organization influences were identified in 18% and 12% of 

accidents accordingly. 

Shappell and Wiegman (2004), used HFACS to compare causes of human error 

across United States civil and military aviation operations that include both fixed-wing and 

rotor aircraft. A total of 16,077 accidents were analyzed from the Navy, Army, and Air 

Force Safety Centers as well as from the National Transportation Safety Board (NTSB) 

and Federal Aviation Administration’s (FAA) National Aviation Safety Data Analysis 

Center (NASDAC). The study found that military helicopter operations had the least 

number of skill-based errors compared to military and civilian fixed wing operations as 

well as civilian helicopter operations. The study also found that military helicopter 

operations were more often associated with decision and perception errors. 

 One study sought to analyze 230 helicopter accidents in New Zealand 1996-

2005 and a set of 566 accidents in the United Kingdom from 1986-2005, based on 

airworthiness failure (engine), airworthiness failure (non-engine), operational failure, 

maintenance failure, and mixed failure (Majumdar et al., 2009). HFACS was applied to 

accidents caused by airworthiness failure and operational failure as a means to provide 

additional details about accident causation. Across both countries operational failure 
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“caused by human error and external factors” was identified as the major cause of accidents 

(Majumdar et al., 2009). The frequency and percentage of accidents placed in each causal 

factor category is shown in Table 4. Causal factors under the category of Unsafe Acts 

caused the most accidents in both countries (Majumdar et al., 2009). Attention errors, a 

form of a skill error, were identified as causal factors in just over thirty percent of accidents 

in both countries. Procedural errors, classified as a type of decision error, were responsible 

for 49.6% of accidents in New Zealand and 54.9% of accidents in the United Kingdom. 

Choice decisions were also identified as a causal factor in a large number of accidents, 

though most notably in the United Kingdom data set. Inadequate supervision was the causal 

category that was responsible for the greatest number of accidents outside of factors within 

Unsafe Acts. Majumdar et al. (2009) noted that the large percent of accidents that identified 

causal factors within the category of unsafe acts may be attributed to the level of detail 

available within accident reports since investigators focus on determining the final active 

error that resulted in the mishap. 

Chi-square tests of interactions were performed to test hypotheses (α = 0.05). The 

interaction between attention errors and accidents occurring during the cruise phase of 

flight were significant (Majumdar et al., 2009). Additionally, the interaction between 

procedural errors and landing was significant (Majumdar et al., 2009). Effects between the 

nature of the flight and accident causation was also significant (Majumdar et al., 2009).  
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Table 4. Number and percentage of accidents for each HFACS causal category for accidents in New Zealand and the United 

Kingdom. Taken from (Majumdar et al., 2009).19 

HFACS Analysis 
New Zealand United Kingdom 

Frequency Percentage Frequency Percentage 

Unsafe Acts 

Skill-Based 

Error 

Attention 42 30.2% 99 30.4% 

Memory 2 1.4% 7 2.1% 

Technique 2 1.4% 30 9.2% 

Decision 

Errors 

Procedural 69 49.6% 179 54.9% 

Choice Decision 25 18.0% 110 33.7% 

Problem Solving 0 0.0% 6 1.8% 

Perceptual Error 8 5.8% 27 8.3% 

Violations 
Routine 5 3.6% 5 1.5% 

Exceptional 1 0.7% 4 1.2% 

Preconditions 

for Unsafe Acts 

Substandard 

Conditions of 

Operators 

Adverse Mental States 0 0.0% 0 0.0% 

Adverse Physiological States 1 0.7% 0 0.0% 

Physical / Mental Limitations 4 2.9% 13 4.0% 

Substandard 

Practices of 

Operators 

Crew Resource Mismanagement 4 2.9% 14 4.3% 

Personal Readiness 2 1.4% 0 0.0% 

Unsafe 

Supervision 
 

Inadequate Supervision 19 13.7% 75 23.0% 

Planned Inappropriate Operations 3 2.2% 7 2.1% 

Failure to Correct a Known Problem 0 0.0% 0 0.0% 

Supervisory Violations 0 0.0% 0 0.0% 

Organizational 

Influences 
 

Resource Management 2 1.4% 1 0.3% 

Organizational Climate 0 0.0% 2 0.6% 

Operational Processes 0 0.0% 12 3.7% 

Total   189 136.0% 591 181.3% 

                                                 

19 Reprinted from The Aeronautical Journal, Volume 113 No. 1148, Majumdar, A., Mak, K., Lettington, C., and Nalder, P., A causal 

factors analysis of helicopter accidents in New Zealand 1996-2005 and the United Kingdom 1986-2005, pages 647-660, Copyright 

(2009), with permission from The Aeronautical Journal and The Royal Aeronautical Society. 



104 

 

 

Renshaw and Wiggins (2007) created a Night Vision Goggle Critical Incident 

Assessment Tool (NVGCIAT) that was used to collect and categorize critical incident 

reports from thirty active pilots in the Australian Army. The NVGCIAT merged concepts 

of HFACS with a model of complexity developed by Woods (1988). Correspondence 

analysis, a type of non-parametric exploratory technique, was used to show associations 

between outcomes and error categories. Near midair collisions were associated with 

perceptual errors of estimation (Renshaw & Wiggins, 2007).  Additionally, decisions errors 

and skill-based errors were associated with near-miss events with obstacles or terrain. Loss 

of orientation was most commonly associated with inadvertent entry into instrument 

metrological conditions (IMC). Weak associations were found between perceptual errors 

and substandard practices of operators, decision errors and substandard conditions of 

operators, as well as skill-based errors and substandard practices of operators.  

A different study investigated human error found within 83 civil and military 

helicopter accidents in Taiwan between 1970 and 2010 using HFACS (Liu et al., 2013). 

Human error was responsible for 57.14% of helicopter accidents in Taiwan. Decision errors 

were found within 81.9% of the 83 reports, crew resource mismanagement was found in 

88.0% of reports, and factors from the physical environment were identified as causal 

factors in 80.7% of reports. The low accident report sample size, 40-year span of accident 

reports, and lack of an overall Cohen’s Kappa value for the study make the validity of the 

study’s results questionable. 

2.6.10 Mitigation Strategies 

The U.S. JHSAT (2011) report produced a series of intervention recommendations 

(IR) or mitigation strategies. IRs included training / instruction (addressing 79% of total 

accidents), data / information (76%), safety management (64%), systems and equipment 

(37%), maintenance (23%), regulatory (18%), and infrastructure (9%). The EHEST (2010) 

found that most of their recommendations fell within three categories: (1) Flight Operations 

& Safety Management/Culture, (2) Training/Instruction, and (3) 

Regulatory/Standards/Guidelines. Detailed IRs are described within both the U.S. JHSAT 

(2011) and the EHEST (2010) reports. 
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Like prior accident analyses within the helicopter domain the report primarily deals 

with specifying the conditions in which the accidents occurred. A top-level pass at 

understanding why the accident occurred, but human error frameworks were not applied to 

understand the latent errors involved in the accident occurrence. While further analysis is 

desired, the U.S. JHSAT’s report is the largest helicopter accident analysis that has been 

published. Additionally, the IHST’s, and subsequently the U.S. JHSAT’s, efforts are the 

first helicopter studies that specify mitigation strategies for causal factors of accidents. 

2.7 Gaps in Literature 

Several gaps exist within the current literature. Prior to this research, a study 

comparing and contrasting the tasks and characteristics of various helicopter missions had 

yet to be performed. Somewhat surprisingly, there is a very limited number of studies that 

have published any task analysis models of helicopters. One study created a closed-loop 

control model of generic helicopter procedures (Hess, Zeyada, & Heffley, 2002). Within 

both case studies and accident report analysis studies, hierarchical task analysis have not 

been shown. 

There has been little work in the application of human error frameworks to sets of 

helicopter accident reports. STAMP had been applied to a HAA accident study 

(Kontogiannis & Malakis, 2012) and several studies have applied HFACS to a set of 

helicopter accident reports (European Helicopter Safety Team, 2010; Liu et al., 2013; 

Majumdar et al., 2009), but none of the studies evaluated if their selected framework was 

appropriate to use. Furthermore, no comparative studies have been performed to identify 

what framework works best for the rotorcraft domain, as has been done in fixed wing 

aviation (Wiegmann & Shappell, 1997), air traffic management (Isaac et al., 2002), and  

rail operations (Baysari et al., 2009). 

Prior helicopter accident report analysis studies have either solely applied a human 

error frameworks, such as HFACS, or an event/outcome-based framework that identifies 

correlations between demographic information and accidents. Studies have not compared 

the findings from the application of a human error framework with pilot and flight 

characteristics as was done by Shappell et al. (2007) for fixed wing aviation accidents.  
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3 Research Objectives and General Approach 

 

3.1 Research Objectives and Conceptual Model 

The objectives of this research were to identify if and how mission types are similar 

and unique to one another, identify what human error framework is appropriate for 

application to a set of helicopter accident reports, and to identify what factors impact the 

likelihood of an accident. The general approach is shown as a conceptual model in Figure 

25. It shows the approach to reducing the accident rate throughout the helicopter industry. 

Prior literature has shown that flight, pilot, and operator characteristics influence the risk 

of an accident. While some of these characteristics are solely dependent on operators and 

pilots, certain characteristics are affected by the type of mission that is being performed. 

For example, external lift missions attract pilots with more experience (i.e. greater flight 

hours) than helicopter emergency medical service (also referred to as helicopter air 

ambulance – HAA) missions. It was hypothesized that flight, pilot, and operator 

characteristics affect the types of errors that occur and that the types of errors that occur 

affects the severity of event (e.g. incident, non-fatal accident, fatal accident). The 

characteristics described previously and the details leading up to the incident or accident 

are captured within reports. Sets of reports can be analyzed to determine trends in the 

industry that lead to negative outcomes. 

 

Figure 25. Conceptual model of the proposed research progression.  
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Since the majority of operators have small helicopter fleets and minimal safety 

budgets, this research presents a method of reducing the overall helicopter accident rate by 

creating and validating specific mitigation strategies that are specific to missions (step 4 

shown in the conceptual model). To create a set of mitigation strategies, the research 

community must first understand the unique characteristics of each mission set (step 1). 

Additionally, the research community must identify a satisfactory framework for analyzing 

accident reports that sufficiently capture the details of what led to each event (step 2). Once 

the characteristics of missions were understood and a framework was established, a 

comprehensive evaluation accident reports was performed (step 3). The results of the 

analysis were combined with the understanding of how mission sets differ to create a more 

enhanced understanding of what leads to accidents and how future accidents can be 

prevented (step 4). The research that was conducted addressed steps 1 through 4; future 

research will be required to validate the mitigation strategies that will be suggested. 

3.2 General Approach 

The sub-problems were addressed through a series of task analysis modeling 

exercises and accident report analysis studies. Hierarchical task analysis (HTA) models 

were created to compare the differences between tasks required for the successful 

completion of three civilian missions. An accident analysis study was conducted on a set 

of 60 accident reports to evaluate the application of three existing human error frameworks 

for helicopter accidents to identify the framework that best suits helicopter operations. 

From the comparative accident analysis, a thorough accident report analysis was performed 

on a larger set of reports to identify active and latent errors that are specific to tasks and 

mission types. The final accident report analysis of 691 reports sought to identify how 

errors are affected by pilot and flight characteristics. Figure 26 shows the methodological 

process that was followed. 
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Figure 26. Methodological process followed. 
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4 Study 1. Helicopter Mission Type Task Analysis Models 

 

4.1 Introduction 

To improve helicopter safety, one must first identify how mission types differ from 

one another, yet the differences between mission types have not been clearly documented 

in the scientific literature.  

Since mission types have different objectives, it was hypothesized that helicopter 

missions each have unique characteristics, tasks, and safety challenges. An exploratory 

study using interviews with subject matter experts (SMEs) (i.e., pilots), was performed to 

develop task models of various mission types. 

The required tasks and actions were captured using Hierarchical Task Analysis 

(HTA) (Shepherd, 2001). HTA allows for easy comparison of tasks required across mission 

types, in this case including helicopter air ambulance (HAA) (previously known as 

helicopter emergency medical services (HEMS)), maritime search and rescue (SAR), and 

charter flights. The models were used to compare the necessary tasks between mission 

types.  

4.2 Methodology 

4.2.1 Participants 

Information for the task analysis models was gathered from interviews with subject 

matter experts (SMEs). Participation was limited to helicopter pilots that were current on 

all federal regulations required to perform a specific helicopter mission. Additionally, 

participants were expected to have greater than three years of experience performing the 

mission that they were being interviewed about. 

A total of ten pilots were interviewed: three civilian pilots with Helicopter Air 

Ambulance (HAA) experience, two civilian Maritime Search and Rescue (SAR) pilots, 

two civilian charter pilots, and two U.S. Marines that performed internal- and external- 

load operations. The information from the interviews with the U.S. Marines was not used 

since it did not go into as much detail as the three other mission types. An additional pilot 
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was interviewed about helicopter flight instruction, but their interview data could not be 

used since an additional participant with flight instruction experience was not found. 

4.2.2 Interview Process 

Semi-structured interviews were conducted with pilots to identify the required tasks 

and information needed to successfully complete a mission in specified mission types. The 

interviews included general queries to elicit information about daily preparation and 

training activities that are required to operate the specified mission as well as the tasks and 

information needed to successfully complete a mission once a mission request was 

received. Additional clarifying questions were posed, where needed, to elicit more detail 

about specific tasks mentioned. 

Phone and in-person interviews were used to elicit information from participants; the 

method of communication was dependent on the participant’s availability and proximity to 

the researcher’s location. Interviews were not voice- or video-recorded, however detailed 

notes were taken by the researcher during each interview. Each interview took on average 

one hour. 

4.2.3 Hierarchical Task Analysis (HTA) Model Creation 

HTA models were created to capture the required tasks and actions of each helicopter 

mission type in which data was collected (Shepherd, 2001). HTA models allow for a visual 

breakdown of the goals or tasks needed to complete an operation or mission. The highest 

level of an HTA model represents the goal of the overall mission. Each lower level 

represents the task or goal breakdown in increasing levels of detail. 

An HTA model was created for a given mission type only if two or more pilots 

interviewed had provided sufficient information about the tasks of the mission type. 

Information about tasks required for a given mission type was also gathered from literature 

such as flight manuals or federal regulations. 

HTA models were created from the information gained during the interviews and from 

literature such as flight manuals or federal regulations. The information provided by one 

of the participants was used to create the first pass of the HTA model, with the top level 

broader tasks represented in higher levels of the model and the details of a task represented 

in lower levels of the model. The information provided by following participants was 
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compared to the current revision of the HTA model. Information obtained from literature 

sources was the last to be integrated into the HTA model.  

If the information provided by participants or literature was contradictory to other 

sources, the information for that particular task was excluded from the lower levels of the 

HTA model where the contradiction occurred and only represented in the higher levels of 

the model where there was still general agreement. Representing information only at the 

higher levels where agreement was attained helped to ensure that the models provide an 

overview of the tasks required for a mission type, independent of individual helicopter 

SMEs. 

The researcher reviewed the notes from each interview twice to ensure that all relevant 

information was captured in the HTA models.  

If a given mission required more than one crew member, the tasks performed by a 

specific individual were specified in square brackets. Tasks without square brackets are 

assumed to be performed by either the Pilot Flying or the Pilot Monitoring. Text in 

parentheses indicates conditional terms for the task. 

4.2.4 Hierarchical Task Analysis Model Validation 

Once the task analysis models were created, the participants were sent an email that 

included the HTA model, in jpeg form, of their given mission type and an explanation of 

how to interpret a HTA model. Participants were asked to review the HTA model to ensure 

the information was accurate, complete, and representative of their daily tasks and the tasks 

required to successfully complete a mission from start to finish. Participants were requested 

to provide feedback by marking up the model with any needed changes, either 

electronically or with pen, and then sending the revised model back to the researcher. 

Follow-on interviews were conducted with both of the SAR pilots given the size of the 

SAR HTA model. 

Feedback provided by participants was incorporated into the model and the revised 

draft was returned to participants for continuing review until no further changes were 

needed. 

Each model was considered validated as long as all participants who responded to the 

request for model feedback approved the final HTA model for their specified mission type.  
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4.2.5 Methodological Issues 

4.2.5.1 Reliability 

The SME’s interview responses were compared to one another and with 

information found in flight manuals to ensure that the information being elicited was 

consistent. The researcher reviewed the notes from each SME twice to ensure that all 

relevant information was contained in the task analysis models. If information from sources 

in a single mission type conflicted on a specific task, the task was included in the initial 

HTA model for validation. If all pilots did not agree that the task should be included, then 

it was left off the final task analysis model. 

Once the HTA models were created, the SMEs were interviewed again and asked 

to identify any changes required. Iterative changes were made to the models until all pilots 

approved them to ensure that the information shown was accurate and complete. 

4.2.5.2 Validity 

To increase the validity of the study, at least two pilots were required for each 

mission type that was modeled. SMEs were required to be current in their mission and to 

have over three years of experience in the particular mission type for which they were 

interviewed. Additionally, care was taken to ensure that pilots of a single mission type were 

not from the same company to guarantee that the tasks modeled were not driven by 

company standard operating procedures. 

SMEs were asked to describe the daily routine of pilots within their mission type. 

Clarifying questions were asked as needed. The SME responses were compared with flight 

manuals, when available, to verify that all tasks were captured. If information from SMEs 

or flight manuals differed between sources, the information was excluded since the point 

was to create a broad level task analysis model for the mission type. 

Once the task analysis models were created, the original SMEs were asked to 

review the model and verify the model was accurate. 

While the validity of the models could have been enhanced with a greater number 

of pilots participating, the availability of pilots limited the number of participants. 
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4.2.5.3 Replicability 

Literature, when available, as well as information from interviews with SMEs, were 

used to create the task analysis models. Only information that was consistent between all 

sources for a single mission type was used in the model. If a different researcher were to 

interview different pilots from the mission types within this study, the exact wording to 

describe tasks might differ slightly, but the high level ordering of the tasks required to 

successfully complete a mission would be expected to be consistent with the findings from 

this study.  

4.2.5.4 Bias 

Some degree of bias could be inherently embedded in the models since the same 

researcher conducted all of the interviews with the SMEs and created the task analysis 

models. Efforts to minimize bias were made by allowing the SMEs to drive the interviews. 

4.2.5.5 Representativeness 

Once the task analysis models were created, the SMEs that were interviewed 

reviewed the models to ensure the information was representative of the daily tasks of 

pilots flying the particular mission type. Additionally, effort was made to mitigate biases 

of individual SMEs by recruiting from different helicopter operators. 

4.2.6 Research Constraints 

The task analysis models created for this study were limited to three mission types 

due to the time to complete the models and the availability of resources (i.e., pilots willing 

to participate). Since not all helicopter mission types were modeled, the differences 

identified using the models are limited to the three mission types analyzed. 

SMEs and the literature consulted were limited to helicopter operations in the 

United States. Regulations and general practices of helicopter operations outside of the 

United States were not modeled. The task analysis models created are representative of 

tasks currently performed in the three mission types, but will eventually become out of date 

with industry shifts and the implementation of new regulations and practices. 

Each model was developed with two or more SMEs. The models are meant to show 

the general task structure and information needed to successfully complete a task. Not all 
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information was captured and each operator will have some unique characteristics that are 

not shown in the models.  

4.3 Results 

The detail of the models presented in this section has been reduced due to page 

limitations, but the detailed HTA models can be found in Appendices C through E. The 

information presented in the Discussion section may reference levels of detail that are not 

presented in the Results section. 

All three mission types, HAA, Maritime SAR, and Charter, fall under 14 CFR Part 

135 Federal Aviation Regulations in the United States. The HAA and Maritime SAR HTA 

models have been fully validated by pilots. The Charter HTA model has not yet been fully 

validated by the two Charter pilots. To date, two initial pilot interviews were conducted 

and the initial Charter HTA model was made. After a follow-up interview with one of the 

Charter pilots, changes were made. The updated Charter HTA model has been sent to the 

two pilots and the researcher is awaiting model validation. 

The reduced HTA models for HAA, Maritime SAR, and Charter operations are 

provided in Figure 27 through Figure 29 respectively. Note that if a task is followed by an 

asterisk, subtasks have been omitted from the figures, but appear in the complete models 

in the appendices. If some tasks have been omitted from the figures an ellipsis is shown in 

the figures; the complete models within the appendices show all tasks. 
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Figure 27. Helicopter Air Ambulance (HAA) HTA Model 
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Figure 28. Maritime Search and Rescue (SAR) Mission HTA Model 
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Figure 29. Charter / Air Taxi Mission HTA Model 
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4.4 Discussion 

Comparison of the HAA, Maritime SAR, and Charter HTA models allows for the 

identification of similarities and differences across the mission types. If similar errors are 

observed on tasks that are shared by missions then shared mitigation strategies could be 

applied. Differences across missions may expose areas of vulnerability for human errors to 

occur within a mission type.  

To provide reference for further discussions of the HTA models, the top level tasks 

within each model are summarized in Table 5.  

Table 5. Top level task numbers within HAA, Maritime SAR, and Charter HTA models. 

Task 
HAA 

HTA 

Maritime 

SAR HTA 

Charter HTA 

To pick-

up 

To drop-

off 

From drop-

off 

Prepare for shift 1.0 1.0 1.0   

Receive flight request and 

initial response 
2.0 2.0 – 3.0 2.0   

Depart from base 3.1 4.0 3.0 5.19  

Travel en route 3.2 4.2 4.0 6.0  

Approach landing location and 

assess the area 
3.3 4.3 5.0 7.0  

Land helicopter 3.4 4.4.a.1 5.2 8.0  

Wait for passengers or load 

patient 
3.5 4.4 5.3 – 5.18 9.0 – 11.0 9.0 – 11.0 

Depart from landing location 4.1 - 4.2 4.5 5.19  12.0 

Return to base and land 5.0 5.0 - 6.0   13.0 – 18.0 

 

4.4.1 Mission Type Similarities 

The Civilian Maritime SAR and Charter HTAs capture tasks performed when the 

operator (the helicopter company) receives a flight request. In Maritime SAR the company 

dispatcher receives a call for a flight and determines the scope and requirements of the 

flight (SAR HTA 2.1). In Charter operations the role of the pilot on the front end of the 

mission can vary. Pilots that perform Charter operations for a small helicopter operator 

may be working in an office role (Charter HTA 1.3) when not on a mission. In some cases 

the pilot (working in the office) is the one to receive a flight request from the customer 

(Charter HTA 2.1). In such cases the pilot, or other person receiving the call, determines 

the scope of the mission including the date, time, destination, number of passengers, and 



119 

 

 

cargo (Charter HTA 2.1.1). At that time, the pilot or other individual receiving the call, 

assesses the operator’s ability to accept the flight with considerations to flight certificates, 

aircraft capability, pilot availability, and forecasted weather (Charter HTA 2.2). 

In HAA, Maritime SAR, and Charter mission types a flight is initiated when the pilot 

receives a call for a mission request from the company’s dispatcher or front office (HAA 

HTA 2.1 / SAR HTA 2.2 / Charter HTA 2.3). Once the request has been made, the Pilot in 

Command (PIC) assesses their ability to accept the mission (HAA HTA 2.2 / SAR HTA 

3.5-3.7 / Charter HTA 2.4) and then informs the dispatcher or front office of their decision 

(HAA HTA 2.3 / SAR HTA 3.8 / Charter HTA 2.5).  In all three mission types, the PIC 

assesses their own ability to accept the flight (ensuring that minimum rest requirements are 

met, that duty limits will not be exceeded, that alcohol or medication use would not prevent 

them from taking the flight, and that they are not under undue stress or fatigue). The PIC 

also assesses the distance of the flight and the expected weather along the predicted flight 

route. Charter pilots pay additional attention to the timing of the flight with particular 

attention to determining if the mission would be completed by night fall (Charter HTA 

2.4.3). 

The three missions follow similar procedures when departing from their base airport 

(HAA HTA 3.1.1 - 3.1.6 / SAR HTA 3.18 – 4.1.6 / Charter HTA 3.1 – 3.14). Departure 

procedures include starting the helicopter, performing a launch checklist, ensuring that the 

crew and any cargo is safely secured, taxiing to the airport helipad, departing, climbing to 

altitude, and leveling out at altitude.  

When en route for all three mission types, the pilots scan for traffic and obstacles, 

monitor their flight instruments, monitor the weather, and apply to FAA airspace and 

weather regulations (HAA HTA 3.2 / SAR HTA 4.2 / Charter HTA 3.2). 

In HAA and Maritime SAR missions, the medical crews in each mission type 

coordinate with the dispatcher or onsite EMT to gather updated patient information while 

en route to the pick-up location (HAA HTA 3.2.5 & SAR HTA 4.2.2.3). This is not a 

necessity for Charter operations due to the nature of the mission type. 

While extraction procedures do differ between HAA and Maritime SAR, once the 

patient has been loaded into the helicopter the following tasks are fairly similar: the 
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helicopter performs a takeoff checklist and launches if on the ground or on the deck of a 

vessel (HAA HTA 4.1 – 4.2 & SAR HTA 4.4.a.10 - 4.4.a.11) then transports the patient to 

a hospital or to an airport to be transferred to an EMS jet or bus (HAA HTA 4.0 & SAR 

HTA 5.0). Once the patient is handed over to medical staff, the crew returns to their base 

airport (HAA HTA 5.0 & SAR HTA 6.0). 

HAA and Charter pilots are required to perform similar tasks when landing and 

departing from off-airport locations. When approaching an off-airport location, pilots of 

both missions announce their intent to land (HAA HTA 3.3.2 & Charter HTA 7.3). Both 

missions also require pilots to assess the terrain, surface conditions, and any obstacles 

around the landing location as they approach ( HAA HTA 3.3.3 & Charter HTA 7.2, 7.5). 

Approximately a quarter mile from the landing location pilots perform a reconnaissance 

hover of the landing zone to look for smaller obstacles and wires (HAA HTA 3.4.3 & 

Charter HTA 7.6). Pilots also determine the best path in to and out of the landing location 

(HAA HTA 3.3.4.3 & Charter HTA 7.6.4-7.6.7). 

4.4.2 Mission Type Differences 

Despite the top level mission similarities between HAA and SAR, Maritime SAR has 

many unique characteristics and tasks that are not required by HAA. SAR missions often 

occur over larger ranges and the helicopters are outfitted to operate in more adverse 

conditions than their HAA counterparts. Additionally, civilian Maritime SAR missions 

generally take place in more remote locations, such as over the ocean. Perhaps the greatest 

difference between the two missions is to perform hoist operations in the SAR mission to 

extract patients from the water, a vessel, or the ground. 

Another key difference between the missions is the number of crew members on the 

helicopter during a flight. HAA normally consists of three members: the pilot, a paramedic 

or Emergency Medical Technician (EMT) and a flight nurse. SAR missions are typically 

composed of a five-member crew: two pilots, a hoist operator, a rescue specialist, and a 

paramedic. Charter operations consists of one crew member (the pilot flying). 

The unique characteristics of SAR missions create more tasks than those required for 

HAA or Charter missions. SAR missions have additional communication tasks that are 

required of the pilots when traveling en route to extract the patient. SAR pilots not only 
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communicate with dispatch en route, but they also communicate with the Master of the 

Vessel if extracting from a vessel or rig to gather knowledge of the scene (SAR HTA 

4.2.2.2). The pilots seek to identify the size and type of vessel the patient is on, what the 

vessel is doing, and to obtain information about the patient (4.2.2.2.1 - 4.2.2.2.4).  The 

flight crew must also instruct the Master of the Vessel what should be done on the vessel 

prior to the helicopter’s arrival including the clearing of a landing or hoisting zone, where 

to pre-stage the patient, what course and speed to travel, and that obstacles (e.g., cranes, 

antennas, booms, etc.) be lowered (4.2.2.2.5.1 – 4.2.2.2.5.5).  

SAR crews have many more patient extraction options and tools available compared 

to HAA crews. The additional tools, introduce decision and communication tasks 

throughout the mission that are not present in an HAA flight. After gathering information 

from the Master of the Vessel, the flight crew, Rescue Specialist, and Hoist Operator 

discuss what potential tools should be used based on the forecasted extraction scenario 

(SAR HTA 4.2.3 – 4.2.5). The flight crew then informs dispatch of the plan (4.2.6). A final 

informal (4.4.b.3.1) and formal brief (4.4.b.3.2) are performed closer to the extraction 

procedure if hoisting. During the formal brief the Rescue Specialist specifies how long 

he/she and the Medic (if hoisting from a vessel) can stay on the vessel or in the water based 

on the remaining fuel, what will happen if an emergency occurs, and the possible recovery 

plans (4.4.b.3.2.1 - 4.4.b.3.2.3). The Hoist Operator and Pilot Flying then repeat the 

briefing (4.4.b.3.3 - 4.4.b.3.4) and the Medic and Pilot Monitoring confirm that they do not 

have any questions (4.4.b.3.5). If plans change while the Rescue Specialist is in the water 

or on the vessel, he/she communicates with the flight crew using a specified radio 

frequency or hand and light signals (4.4.b.6.a & 4.4.b.6.b.1). 

SAR has other tasks as well, preliminary hoist and performance calculations are 

calculated at the start of the shift (SAR HTA 1.3) and are then confirmed as the helicopter 

approaches the scene (4.3.4) prior to performing a dry run hoist over the vessel as fuel, 

time, and weight allow (4.4.b.2.1 – 4.4.b.2.2). 

Hoisting extraction procedures also require additional coordination and tasks, once the 

hoist calculations have been confirmed and the extraction procedures have been verified, 

the Rescue Specialist, and sometimes the Medic, hoisted to the extraction location (SAR 



122 

 

 

HTA 4.4.b.4 – 4.4.b.5). If performing a water extraction the helicopter stays on scene 

(4.4.b.6.a), but if extracting from a vessel or rig the helicopter flies away from the scene 

and circles the vessel in a maximum endurance pattern until they are contacted by the 

Rescue Specialist for pick-up (4.4.b.6.b.1 - 4.4.b.6.b.4). To hoist the crew and patient onto 

the helicopter, the helicopter is brought back into a 40 – 50 foot hover, the Pilot Flying 

controls the lateral movement and altitude of the helicopter while the Hoist Operator 

controls the hoist (4.4.b.7.2.1-4.4.b.7.2.3). The hoist is smoothly placed onto the extraction 

location (4.4.b.7.3) and the crew and patient are hoisted up into the helicopter (4.4.b.7.4). 

Once the backend crew and patient are secured in the helicopter a clean-up checklist is 

performed prior to flying away from the vessel (4.4.b.8-4.5.1). 

While many parallels can be drawn between HAA and Charter missions, there are 

some differences. Both mission regularly land at off-airport locations, but Charter 

operations tend to operate in more remote areas with more diverse terrain. Snow on glaciers 

can be a problem for Charter pilots during heli-skiing flights and when transporting 

workers to remote research or work locations.  

While HAA and SAR pilots receive flight requests with little notice, Charter pilots 

receive flights with both little notice and a great deal of notice. Some Charter missions, 

that are in remote areas and scheduled in advance, have on-site fuel tank trucks. 

Additionally, while HAA pilots fly with two crew members that they regularly work 

with and a patient, the medical crew is largely responsible for the patient. In Charter 

operations the pilot is fully responsible for briefing all passengers and ensuring their safety 

throughout the flight. While charter pilots do on occasion have repeat passengers, the level 

of past helicopter experience their passengers have varies greatly and directly impacts the 

level of briefing that is required (Charter HTA 5.4-5.11). 

While HAA and Maritime SAR pilots stay onsite to pick-up the patient, Charter 

operations can either leave the passengers at a drop-off location or wait for the passengers 

to complete their tasks. Charter pilots can wait on-site for hours at a time for their 

passengers. While waiting for passengers Charter pilots look over the helicopter for any 

damage, check-in with their office, walk around the landing location to assess the departure 

path, and continuously observe the weather (Charter HTA 10). 
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4.4.3 Mission Vulnerabilities 

The differences within the mission types may shed light onto particular areas of 

human error vulnerabilities within each mission. Maritime SAR missions require two pilots 

and three additional crew members. The additional pilot, when compared to HAA and 

Charter operations may provide openings for errors in Crew Resource Management 

(CRM). CRM issues may also become present when the pilots are coordinating with the 

captain of the boat, vessel, or rig they are extracting from. Additionally, hoist operations 

introduces potential for decision errors when selecting the correct extraction procedure and 

skill-based errors when performing the hover and extraction tasks. Since Maritime SAR 

operates under Instrument Flight Rules (IFR) much more frequently than Charter and HAA 

operations, there is additional risk for different decision and skill-based errors to occur 

when monitoring instruments.  

While both Charter and HAA can perform missions to remote locations, Charter 

flights tend to frequent more desolate areas than HAA flights. The locations that Charter 

pilots frequent can introduce environmental factors that are not commonly seen within 

HAA and Maritime SAR missions including whiteouts, flat light from snow covered 

terrain, and wires when air taxiing pilots to remote service stations. 

The nature of HAA introduces its own demands on the pilots. Air ambulances are 

often called when a patient is in need of being quickly transported to a hospital. The 

pressure to deliver patients to their end destination quickly has the potential to make pilots 

feel rushed and to possibly take on greater levels of risk. The HAA market has in many 

parts of the country been overtaken by private industry. With the privatization of the 

market, some companies may take on missions in less than ideal weather scenarios which 

could introduce other stresses on the pilots. 

A summary of the differences between HAA, maritime SAR, and charter missions 

is provided in Table 6.
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Table 6. Summary of Helicopter Air Ambulance, Maritime Search and Rescue, and Charter HTA model differences. 

Task HAA HTA Maritime SAR HTA Charter HTA 

Prepare for shift  • Perform preliminary hoist calculations (1.3)  

Receive flight request and 

initial response 
   

Depart from base    

Travel en route    

Approach landing location 

and assess the area 
 

• Communicate with master of the vessel to gather 

information about the scene (4.2.2.2) 

• Instruct the master of the vessel of what should be 

done prior to the helicopter’s arrival (4.2.2.2) 

• Discuss what extraction procedure to use with 

crewmembers (4.2.3 - 4.2.5) 

• Inform dispatch of extraction procedure selected 

(4.2.6) 

• Confirm hoist calculations (4.3.4) 

• Brief the extraction procedure if hoisting 

(4.4.b.3.2) 

• Perform a dry run hoist over the vessel (4.4.b.2) 

 

Land helicopter    

Wait for passengers or load 

patient 
 

• Hoist rescue specialist to the extraction location 

(4.4.b.4-4.4.b.5) 

• If extracting from the water stay on scene 

(4.4.b.6.a), otherwise fly away from scene and circle in 

a maximum endurance pattern (4.4.b.6.b.1 – 

4.4.b.6.b.4) 

• Place hoist on extraction location (4.4.b.7.3) 

• Hoist crew and patient into the helicopter 

(4.4.b.7.4) 

• Complete clean-up checklist (4.4.b.8 – 4.5.1) 

• Level of detail in passenger briefing 

depends on passenger experience (5.4 – 

5.11) 

• May wait for longer durations at the 

landing location, when waiting check for 

any damage, call office, assess the landing 

location for departure path, and observe 

the weather (10) 

Depart from landing location    

Return to base and land    
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4.4.4 HTA Model Scope 

The participants and literature consulted for the HTA models were limited to 

helicopter operations in the United States. Regulations and general practices of helicopter 

operations outside of the United States were not modeled. The task analysis models created 

are representative of the current state, but will eventually become obsolete as the industry 

evolves and with implementation of new regulations. 

Each model was created with input from two or more participants. The models are 

intended to show the general task structure and information needed to successfully 

complete a task. Not all information obtained in the interviews was captured in the models 

and each operator has some unique characteristics that are not reflected in the models. 

Additionally, due to the limited number of participants, not all standard operating 

procedures for a given mission were necessarily captured in the models. 

4.5 Conclusion 

The evaluation of HAA, Maritime SAR, and Charter HTA models allows for 

comparisons of the tasks required to complete the mission types. If tasks shared between 

mission types are correlated with similar types of errors discovered in accident report 

analysis studies, a shared mitigation strategy would be preferred. However, if errors 

contributing towards helicopter accidents occur in a task unique to a given mission, such 

as SAR, then a specific mitigation strategy would be best. Further, those mission types that 

have additional and unique tasks create greater opportunities for more diverse kinds of 

errors, making a single set of countermeasures less likely to be effective across all mission 

types.  
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5 Study 2. A Comparative Study of Human Error Frameworks for the Helicopter 

Domain 

5.1 Introduction 

Study 2 sought to identify the human error framework that is most appropriate for 

helicopter accident report analysis. An accident report analysis study was performed using 

three existing human error frameworks on a subset of NTSB helicopter accident reports: 

1) SOAM 2) HFACS, and 3) TRACEr.  

Two analysts individually applied each of the three frameworks to the same subset 

of 60 reports. One analyst applied all three frameworks, while the second analyst for each 

framework only evaluated the reports with a single framework. The analyst that evaluated 

all three frameworks, applying a single framework to all 60 reports before applying a 

different framework and there was a break of at least two weeks between applications of 

different frameworks to minimize the effect that use of one framework would have on the 

classifications of a different framework.  

The presentation order of reports was randomized for each analyst and each 

framework.  

Frameworks were evaluated by comprehensiveness, reliability, analysts’ 

confidence in categorizations, and application times. Measures for each evaluation criteria 

were compared between frameworks that were applied to the same set of reports. 

5.2 Methodology 

5.2.1 Human Error Framework Selection Process 

Three human error frameworks were evaluated in Study 2. To determine which 

frameworks were best suited for the comparative study, Table 7 was constructed to evaluate 

each of the 13 frameworks discussed in the literature review against a set of criteria. Criteria 

included whether the frameworks are currently used, can be retrospectively applied, are 

theoretically rooted, have sufficient reliability, and are comprehensive. 

Comprehensiveness was evaluated by coverage within each framework’s specified scope, 

the inclusion of organization and environmental factors, and if cognitive errors were 

included. Evaluation criteria also included whether the frameworks had been previously 
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used on a set of multiple reports, aviation accident reports, and helicopter reports. Training 

and application time and accounts of prior confusion were also documented. 

Figure 30 shows the decision flow chart for whether frameworks should have been 

included within the comparative study. The first criteria established that frameworks be 

currently used. Following the first criteria, frameworks must accommodate a  retrospective 

use and be rooted in a theoretical model.  Additionally, if frameworks were found to have 

low inter-rater reliability they were excluded from further consideration. Information 

within Table 7 is included only up until the framework was decided to be no longer viable. 

After the application of the flow chart, only STAMP, HFACS, TRACEr, CREAM, 

and SOAM were deemed acceptable for the comparative study. HFACS was selected to be 

one of the frameworks to use within the comparison study since it has been previously used 

with the rotorcraft domain and generally has acceptable levels of inter-rater reliability. 

TRACEr was selected as the second framework within the comparative study since 

it provides a taxonomic framework with generally acceptable inter-rater reliability. Since 

TRACEr was developed for air traffic management use its worth has already been proven 

within aviation. Furthermore, TRACEr has also been applied to railroad accident analysis, 

proving that it can be used outside of its original domain. 

Selection of the third framework for the comparative study was between STAMP, 

CREAM, and SOAM. All three frameworks had not been applied to sets of multiple 

accident reports. The three frameworks produce chart outputs, which may prove 

challenging for comparison across reports. SOAM was selected to be the third framework 

within the comparative study due to its low training and application time.  
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Table 7. Human error framework comparative study framework selection matrix. 

 
IHM THERP SHEL SCM SPS 

DOD 

HFACS 
AcciMap STAMP HFACS TRACEr CREAM SOAM 

Currently Used No No No No Yes Yes Yes Yes Yes Yes Yes Yes 

Retrospective 
    Yes Yes Yes 

Yes 

CAST 
Yes Yes Yes Yes 

Theoretical Roots 
    No SCM SCM 

Control 

Theory 
SCM 

Wickens’ 

(1992) 
COCOM SCM 

Application to a Set 

of Reports 
     Yes Yes Unknown Yes Yes Unknown Unknown 

End Product 

     
Descriptive 

Statistics 
Chart 

Chart & 

Tables 

Descriptive 

Statistics 

Descriptive 

Statistics 

Descriptive 

Statistics 

& Chart? 

Chart 

Comprehensiveness      High High High Medium High High Unknown 

Organization      Yes Yes Yes Yes No Yes Yes 

Cognitive Errors      Yes No Yes Yes Yes Yes Yes 

Environment      Yes No No Yes No Yes Yes 

Reliability      Low Low Unknown Mix Mix Unknown Unknown 

Training Time        High Low Medium High Low 

Application Time        High Low High High Low 

Prior Confusion        Unknown No Yes Unknown Unknown 

Aviation use        Yes Yes Yes Unknown Yes 

Helicopter use        Yes Yes Unknown Unknown Unknown 
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Figure 30. Framework selection process for the framework comparison study. 
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5.2.2 Modifications to TRACEr for Helicopter Operations 

Modifications were made to some of the TRACEr taxonomies to ensure that the 

taxonomies that were originally developed for air traffic control operations could be 

applied to helicopter accident reports. The classifications of the significance of an error 

event were kept the same as in TRACEr. The significance of an error event could be 

classified as causal, contributory, compounding, or non-contributory. 

The task error taxonomy was modified to capture the tasks performed by helicopter 

pilots.  The modified task error taxonomy is included in Appendix F. Task error 

classifications fit within one of eleven categories: aviation / aircraft handling error, external 

communication error, hand-over / take-over error, internal communication error, 

navigation error, perceptual / motor error, procedure error, situation awareness / monitoring 

error, system management error, and training / supervision error. The new task error 

categories were derived from the TRACEr-lite controller and pilot task errors, the TRACEr 

Maritime task error taxonomy, and from the HTA models developed in Study 1. 

The cognitive domain, internal error mode, and psychological error mechanism 

classifications were not modified, however the flow diagrams for the taxonomies were 

modified to substitude the word ‘pilot’ for the word ‘controller’.  

The information taxonomy from TRACEr was used as the base structure for the 

modified information taxonomy. The airport / destination information shared many of the 

classifications from the original airport information category. Ground vehicles, personnel, 

runway, and terrain were kept from the original airport information category. Destination, 

heliport, lighting, obstacles, taxiway, and weather were also added to the category. The 

airspace information category was taken from the original time and location category. The 

original classifications of airspace restrictions, airspace type, distance, geographic position, 

sector, time, and weather were used. Destination was removed since it was included within 

the airport information category. Terrain / obstacles / helicopter terrain avoidance warning 

system (HTAWS) was also added to the airspace information category. The pilot material 

information category is very similar to the original pilot material category. Checklist items 

were added to the category and procedures were broken down further into aircraft manual 

procedures, company standard operating procedures, navigation procedures, and regulation 
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procedures. All classifications from the original variable aircraft information and pilot 

activity category were kept. Drift, estimated weight, fuel, maintenance log, Notice to 

Airmen, rotor RPM, and other classifications were added to the variable aircraft 

information and pilot activity category. The full list of classifications within each 

information category can be seen in Appendix G. 

No changes were made to the error detection method and recovery method 

frameworks.  

The performance shaping factor taxonomy was modified for helicopter operations, 

but was largely informed from the TRACEr and TRACEr-lite PSF taxonomies. The 

modified PSF taxonomy used a combination of PSF categories from TRACEr, TRACEr-

lite, TRACEr-Rail, and TRACEr Maritime. The categories included: communication, 

experience / competence / training, external environment, human machine interface and 

equipment factors, infrastructure / traffic / airspace, internal environment, organizational 

factors, personal factors, procedures / documentation, and social and team factors.  

The communication PSF category included many of the TRACEr classifications 

including communication equipment quality / reliability, communication method, 

communication quality, information content, language & accent, and phraseology and 

communication standards. RT workload, a classification within TRACEr’s pilot-controller 

communication category, was not included. The original classification of other pilot / 

controller factors was changed to other communication factors. Incorrect information and 

lack of information classifications were added from TRACEr Maritime. 

Classifications within the experience / competence / training categories were taken 

from TRACEr’s PSF training and experience category. Classifications within the 

infrastructure / traffic / airspace category were equivalent to the classifications within the 

traffic and airspace PSF category of the original TRACEr. Similarly, classifications within 

the human machine interface and equipment factors were taken from the TRACEr human-

machine interaction category; radio telephone quality, landline quality, and flight 

information / strip display quality classifications were excluded since they were 

specifically for ATC operations. 
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Classifications within the internal environment category were equivalent to the 

ambient environment category of TRACEr. Additionally, the classifications within the 

social and team category were unchanged. Classifications within the organizational factors 

category and the personal factors category were taken directly from TRACEr and the 

Human Performance Railway Operational Index (R-PSF) developed by Kyriakridis (2013). 

The majority of classification within the procedures / documentation category were taken 

from the original TRACEr category except for time pressure – time to respond and 

workload classifications which were taken from task factor R-PSF category.  

PSF classifications within the external environment category were created by the 

researcher and were informed from common environmental factors found within accident 

reports and themes brought up by pilots in the Study 1 interviews. The full list of PSF 

classifications can be found in Appendix H. 

5.2.3 Research Hypotheses 

The four research questions (RQ) specified within Sub-Problem 2 were translated 

into research hypotheses. 

RQ 2.1  Which human error framework is most comprehensive for capturing 

details of errors that contribute to helicopter accidents? 

NULL HYPOTHESIS (H0): There is no significant difference between the 

comprehensiveness of each framework. 

 

ALTERNATIVE HYPOTHESIS (H1): There is a significant difference 

between the comprehensiveness of the human error frameworks being 

evaluated. 

 

Comprehensiveness was measured using the percent of reports that fit into 

one or more error category for each framework. 

RQ 2.2  Which human error framework has the highest inter-rater reliability 

when two or more analysts classify a set of helicopter incident and accident 

reports? 

NULL HYPOTHESIS (H0): There is no significant difference between the 

inter-rater reliability of frameworks. 
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ALTERNATIVE HYPOTHESIS (H1): There is a significant difference 

between the inter-rater reliability of the human error frameworks being 

evaluated. 

 

Two measurements of reliability were taken for each framework:  (1) the 

percent of causal factors that analysts originally agreed on for each framework and 

(2) the Cohen’s Kappa value, used to calculate the overall agreement for inter-rater 

reliability, after the analysts reconciled their classifications. Cohen’s Kappa 

measures whether the analysts’ level of agreement is more likely than chance. A 

Kappa value greater than 0.6 is viewed as an acceptable level of agreement (Fleiss, 

1971). 

If consensus on a causal factor within a report was not reached, the 

disagreement was documented, but the classifications were not included within the 

classification totals when documenting the findings of the frameworks.  

 

RQ 2.3  Which human error framework are analysts most confident in? 

 

NULL HYPOTHESIS (H0): There is no significant difference between the 

confidence scores provided by the two analysts for the application of each 

framework. 

 

ALTERNATIVE HYPOTHESIS (H1): There is a significant difference 

between the confidence scores of the human error frameworks being 

evaluated. 

 

Analysts’ confidence using the frameworks was measured by taking the 

average of analysts’ confidence scores, from not at all confident (equaling a score 

of 1) to very confident (a score of 5). Confidence scores were collected from each 

analyst for each error classification within each report. Since the same report set 

was used for each framework, average confidence scores were compared for each 

report. 
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RQ 2.4  Which human error framework has the lowest average application time 

across incident and accident reports? 

NULL HYPOTHESIS (H0): There is no significant difference between 

application times of each framework to each report. 

 

ALTERNATIVE HYPOTHESIS (H1): There is a significant difference 

between the application times of the human error frameworks being 

evaluated. 

 

Application time was measured by taking the difference between the time 

the analyst started reading the report and the time that the analyst finished coding 

the report. Since the same report set was used for each framework, the average 

application time was compared for each report. 

5.2.4 Collection and Treatment of Data 

5.2.4.1 Report selection criteria 

The goal of the comparative study was to determine the existing human error 

framework that is most appropriate for helicopter operations. Reports used within the 

comparative study were limited to civilian helicopter accidents that occurred in the United 

States between 2008 and 2015. 

Six hundred ninety-one accident reports were collected from the National 

Transportation Safety Board (NTSB) where pilots were identified as a cause or factor in a 

helicopter crash within the United States from 2008 to 2015 by accident investigators 

(Floyd, 2016). A sample of an NTSB report is provided in Appendix I. Narratives within 

reports were often less than a page long. 

5.2.4.2 Report selection methodology 

From the set of reports, 60 reports were selected in a stratified manner to properly 

represent the percent of accidents per mission type (e.g. heavy lift, HAA / HEMS, 

instruction/training, etc.). NTSB report mission classification was determined through 

inferences based on the details provided within the synopsis from the accident investigator. 

If details regarding the mission classification were not found within the synopsis, the 

mission classification was left blank.  Of the 691 accident reports, 642 provided enough 
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information to determine the mission type. The mission type breakdown is included in 

Table 8. 

Once reports were classified by mission, the number of reports per mission type 

was calculated, the percent of the total reports for each mission type was determined, and 

the distribution of the stratified sample was found. The required number of reports for each 

mission type within the stratified sample was then randomly selected from the mission type 

pool. 

Table 8. Distribution of mission types in the set of 691 accident reports and the 

corresponding number of accidents in the subset of 60 reports. 

Mission Count Percent Accidents out of 60 

Stratified 

Sample 

Aerial Application 86 0.133956 8.037383178 8 

Aerial Observation 44 0.068536 4.112149533 4 

Agricultural Operations 

(e.g. cattle herding) 3 0.004673 0.280373832 0 

Air Tour/Sightseeing 8 0.012461 0.747663551 1 

Business 37 0.057632 3.457943925 3 

Commercial 48 0.074766 4.485981308 4 

Electronic News Gathering 1 0.001558 0.093457944 0 

Emergency Medical 

Services 34 0.05296 3.177570093 3 

External Load 20 0.031153 1.869158879 2 

Firefighting 6 0.009346 0.560747664 1 

Instructional / Training 164 0.255452 15.3271028 15 

Law Enforcement 4 0.006231 0.373831776 1 

night/dark 1 0.001558 0.093457944 0 

Offshore 5 0.007788 0.46728972 1 

Personal / Private 176 0.274143 16.44859813 16 

Utilities Patrol / 

Construction 5 0.007788 0.46728972 1 

Total 642   60 

 

5.2.4.3 Analysis tools 

The set of 60 reports were included within a Microsoft (MS) Access database. 

Analysts were presented with each of the 60 reports in random order using a MS Access 
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form that included the accident report number, synopsis, narrative, occurrences, and NTSB 

findings. The form automatically recorded the start of the application time when the 

accident was opened and included a stop button for when the analyst had completed 

classifications for a report.  

Within the HFACS and TRACEr forms dropboxes were provided for the analysts 

to select the classifications for each taxonomy and to select their confidence in each 

classification, as shown in Figure 31 through Figure 34.  

 

Figure 31. Example of the MS Access data collection form for HFACS 
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Figure 32. Example of the MS Access data collection form for TRACEr where the analyst 

documents the error events that led to the accident. 

 

 

Figure 33. Example of MS Access data collection form for TRACEr where the analyst 

documents the task error, cognitive domain, internal error mode, psychological error 

mechanism, information, detection, control, and performance shaping factors associated 

with the selected error event. 
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Figure 34. Example of MS Access data collection form for TRACEr where the analyst 

records the end time and saves the record for the given accident report. 

 

SOAM required the participants to read the report information and record 

application time in MS Access (see Figure 35) while documenting the classification in the 

SHEL table (Figure 36) and their confidence in Microsoft Visio using a SOAM table 

(Figure 37). 
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Figure 35. Example of MS Access form for SOAM 

 

 

Figure 36. Example of a completed SHEL table that was in the Visio document for a given 

report. 
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Figure 37. Example of a SOAM Analysis Chart for a given accident report that was 

completed in Visio. 

5.2.4.4 Participants 

Four participants, referred to as analysts within this dissertation, took part in this 

study (four male, one female). All participants were graduate students with at least one 

year of experience within human factors (e.g., had passed at least three human factors or 

psychology classes). The analyst who applied all three frameworks (i.e., Analyst 1 – the 

researcher and author of this dissertation) had prior helicopter knowledge, while the three 

participants who applied a single framework had no prior knowledge of helicopter 

operations. None of the participants had prior experience applying the human error 

framework to accident reports. 

5.2.4.5 Procedure 

5.2.4.5.1 Training 

Prior to coding accident reports, each analyst was trained on their corresponding 

human error framework. While courses are available for HFACS, no such training material 
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is available for TRACEr or SOAM. To ensure that all analysts were equally trained, a 

training packet was created for each framework. The training packet included a detailed 

overview of the framework written by the original author (in the form of a report, journal 

article, or book chapter), a recent journal article that applied the framework, a summary of 

the framework that detailed the process and an example, as well as instructions on how to 

use the Microsoft Access database and form. 

After thoroughly reviewing the training packet, the two analysts using each 

framework came together to discuss any questions that arose from the training material. 

The analysts then coded two accidents and compared their classifications to ensure that 

they had the same understanding of the framework. 

5.2.4.5.2 Application of the analysis tool 

Two analysts separately read and coded each of the sixty reports using a single 

framework at a time. One analyst used all three frameworks, but applied only a single 

framework at a time, with at least a two week break between frameworks. The other 

analysts only evaluated the reports with a single framework. Figure 38 shows the 

methodological process followed within Study 2 including the application of the 

frameworks and the breaks taken between frameworks.  
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Figure 38. Study 2 methodological process. 
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5.2.4.5.2.1 HFACS 

Analyst 1 and Analyst 2 coded reports using HFACS. Each read the synopsis and 

narrative and then classified the NTSB findings for each report. Level 1 classification 

options included Unsafe Acts, Preconditions for Unsafe Acts, Unsafe Supervision, and 

Organizational Influence. Level 2 and Level 3 classifications were the corresponding sub-

classifications for Level 1 shown in Figure 13. The analyst copied and pasted the NTSB 

finding that corresponded to their classification in the “Explain” textbox and then provided 

a confidence score for their classification before proceeding onto the next NTSB finding 

for the accident report (see Figure 31 for reference). Confidence classifications could be 

one of the following: Not at all Confident, Not Confident, Neither Confident Nor Not 

Confident, Confident, and Very Confident. 

Once all NTSB findings were classified for a given report, the analyst recorded the 

end time for that report and moved onto the next accident report. 

5.2.4.5.2.2 TRACEr 

The two analysts that coded reports using TRACEr, Analyst 1 and Analyst 4, read 

the synopsis, narrative, and NTSB findings for a given report within a MS Access form, 

shown in Figure 32. After reading the accident information, each analyst identified, based 

on their best judgment, the error events that led to the accident within the error event table, 

shown in Figure 32. The analyst then selected the “Provide Error Event Details” tab, shown 

in Figure 33, and classified the significance of the error event and the task error. Using 

flow charts, the analyst then indicated the appropriate cognitive domains, internal error 

modes (IEMs), and psychological error mechanisms (PEMs) within the “Provide Error 

Event Details” tab. Using dropdown boxes within the same form, the analyst also selected 

the information that was the subject of the error, how the pilot became aware of the error, 

and how the pilot recovered from the error. The analyst then classified any performance 

shaping factors (PSFs) that led to the occurrence of the error event. 

The analyst provided classifications for each taxonomy for the given error event 

before going to the next error event until all error events for the given accident report were 

addressed. The analyst then recorded the end time and proceeded onto the next report. 
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5.2.4.5.2.3 SOAM 

Analyst 1 and Analyst 3 coded reports using SOAM. Each read the synopsis, 

narrative, and NTSB findings for a given report within a MS Access Form, shown in Figure 

35. The analysts classified all reports independently of one another to minimize bias. 

After reading a report the analyst arranged information relevant to the accident 

within a SHEL table in MS Visio, shown in Figure 36, to ensure that all information had 

been accounted for. 

From the information within the SHEL table, the analyst then identified any absent 

or failed barriers, errors of human involvement, contextual conditions, organizational 

factors, and other system factors. Each of the items was then placed in a SOAM Chart 

within the corresponding classification column using MS Visio as shown in Figure 37. The 

explanation was included within the causal factor field. The sub-classification (see Section 

2.4.6.5) was provided within the Type field, and the analyst’s confidence in their 

classification was provided in the Confidence field. Confidence classifications could be 

one of the following: Not at all Confident, Not Confident, Neither Confident Nor Not 

Confident, Confident, and Very Confident. 

Once the factors were placed on the SOAM Chart, interactions and the influence of 

contributing factors were linked within and across levels using lines. The analyst would 

then press the Record End Time button on the MS Access form when they were done 

working on the SOAM Analysis Chart. 

5.2.4.5.3 Classification Reconciliation 

After both analysts for a given framework completed classifying the 60 reports 

independently of one another, the researcher compiled the classifications of both analysts 

for each taxonomy. An Excel sheet was created to match the classifications of error events 

/ causal factors between the two analysts for each taxonomy within the framework. Any 

discrepancies between the classifications were noted. 

The analysts then met face-to-face to reconcile any discrepancies. Both analysts 

presented their logic for each discrepancy and, in most cases, a consensus was reached. 

The agreed-upon changes were made to the document and any classifications in which a 

consensus was not reached were documented. When presenting the findings of each 
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framework (i.e., the tally of classifications) only those where both analysts agreed or 

reached a consensus were included. Classifications without consensus were noted, but not 

included within the tally. 

5.2.5 Statistical analysis 

5.2.5.1 Research Question 2.1 

The comprehensiveness of the three human error frameworks was evaluated using 

the percentage of reports that fit within at least one classification of the given framework 

after reconciliation. The percentages of reports that were accounted for within the 

frameworks were evaluated for statistically significant differences using a chi-square test.  

5.2.5.2 Research Question 2.2 

The second research question of the comparative study was concerned with the 

reliability of the three frameworks that were evaluated. The reliability may be indicative of 

the level of clarity within the framework’s procedures. If the framework procedures were 

unclear or the error categorizations were ambiguous, inter -rater reliability would be low.  

Reliability was measured in two ways: (1) the percent of causal factors that analysts 

originally agreed on and (2) the Cohen’s Kappa value that was calculated after 

reconciliation to show the overall agreement for inter-rate reliability. Cohen’s Kappa 

measures whether the analysts’ level of agreement is more likely than chance. A Kappa 

value greater than 0.6 is viewed as an acceptable level of agreement  (Fleiss, 1971). 

Frameworks with a Kappa value less than 0.6, were automatically disqualified for use in 

Study 3. 

When analysts disagreed on causal factors after discussing their categorizations, the 

disagreements were documented. 

5.2.5.3 Research Question 2.3 

When using each human error framework, analysts indicated their confidence with 

categories of Not at all Confident, Not Confident, Neither Confident Nor Not Confident, 

Confident, and Very Confident. A response of ‘Not at all Confident’ equated to a 

confidence score of ‘1’ while a response of ‘Very Confident’ equated to a confidence score 

of ‘5’. Each response was translated into a score of 1 to 5 depending on the response’s 

position in the range of confidence responses. A single confidence scores was calculated 
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for each report for each of the three frameworks by averaging the individual confidence 

scores provided for each causal factor by each of the raters (two for a given report using 

one of the frameworks).  A Related-Samples Friedman’s Two-Way Analysis of Variance 

by Ranks Test was used to identify if analysts were more confident in one framework than 

the others.  

5.2.5.4 Research Question 2.4 

The time for analysts to read each report and identify/code the appropriate casual 

factors was calculated by MS Access as the difference from when the accident report was 

initially opened to the time that the analyst pressed the ‘Record End Time’ button. A 

Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks test was used to 

identify if one framework took significantly more or less application time than the other 

frameworks.  Paired sample T-tests were also used to compare the average application time 

between sets of two frameworks. 

5.2.5.5 Selecting a Framework 

Each framework was evaluated on comprehensiveness, reliability, analyst 

confidence, and application time. Frameworks were compared to a set of four selection 

criteria: (1) 70% of reports fit one or more error categories, (2) the inter-rater reliability 

measure with a Cohen’s Kappa was greater than 0.60, (3) the overall analyst confidence 

score was above 3.75 on a scale from 1 to 5, and (4) the application time was not 

significantly greater than the other frameworks evaluated. Prior to the study, it was 

determined that if only one framework met all four selection criteria, that framework would 

be used for Study 3. If more than one framework met the four criteria, the best framework 

would be determined using a multi-weighted scoring model. If no frameworks fulfilled the 

criteria, a modified framework would have been created. 

5.2.6 Methodological Issues 

5.2.6.1 Reliability 

This study sought to identify the reliability of three frameworks. To ensure that the 

results of the study were reliable, two analysts coded each report. Inter-rater reliability was 

found using Cohen’s Kappa. 
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Additionally, in efforts to increase reliability, both analysts completed training for 

the framework by reading a detailed report of each framework created by the original 

authors and going through several practice reports.  

5.2.6.2 Validity 

Efforts to increase validity of the comparative study included conducting a 

thorough literature review on prior error framework comparison studies. Measures for 

comparison were pulled from prior literature. Within the aviation domain, use of NTSB 

accident reports are accepted as a valid way to identify errors that result to accidents as 

detailed in Chapter 2 section 2.5. 

5.2.6.3 Replicability 

All reports were publically accessible and the report numbers are provided within 

Appendix J. Details regarding training and analysis tools can be requested from the 

researcher. 

5.2.6.4 Bias 

To minimize bias within the coding, two analysts read and coded each report 

individually in a randomized order. Analysts coded the reports separately to ensure one 

analyst did not bias another. The randomized order was used to minimize the learning 

effect.  

Reports were analyzed in one pass per framework, in other words one of the 

analysts read and coded each report three separate times using a different framework each 

time. The analyst that coded each report with three frameworks taking a minimum of a 

two-week break between frameworks in an effort to reduce the effect that one framework 

might have on use of the subsequent framework. The second analyst per framework applied 

only a single framework, thus they were not biased from prior framework experience. 

5.2.6.5 Representativeness 

The sample of reports was stratified based on the total number of reports for each 

mission type in efforts to collect a representative sample of helicopter accidents.  

5.2.7 Research Constraints 

The findings of this study were based on a sample of accident reports. It is assumed 

that this sample is representative of all helicopter accident reports.  
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Additionally, the research sought to determine which framework to use in Study 3 

based on a set of criteria: (1) the framework has a Cohen’s Kappa greater than 0.60, (2) 

more than 70% of reports can have one or more causal factors categorized for the selected 

framework, (3) the average analyst confidence score was greater than 3.75 when using a 

scale from 1 to 5, and (4) the application time was not significantly higher than the other 

frameworks that were evaluated. If more than one framework had met the criteria, the 

framework with the lowest application time would have been selected. The findings of this 

research were constrained by the selection criteria. If researchers conducting different 

studies have different priorities (beyond comprehensiveness, reliability, confidence, and 

application time), then the framework identified will not necessarily be the best framework 

for them to use. 

5.3 Results 

5.3.1 HFACS Analysis 

One hundred ninety-two classifications were found after reconciliation. Two 

reports were removed from the set of 60 due to mismatched synopses and narratives (errors 

in the database). Five classifications were not resolved; these classifications belonged to 

two accident reports where one analyst felt there was not enough information to classify 

the causal factors.  

A summary of the HFACS classifications found for the set of 58 helicopter NTSB 

reports is provided in Table 9. The factors in which the analysts disagreed were not 

included in the set of causal factors presented below. Errors (i.e., Unsafe Acts) and 

Environmental Factors (i.e., Preconditions for Unsafe Acts) were involved in the majority 

of helicopter accidents that were analyzed.  
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Table 9. HFACS Classification Distribution for 58 helicopter accident reports. 

HFACS Category 
Count 

(N=183) 

Percent 

(%) 

Organizational Influences 

Resource Management 1 0.5 

Organizational Climate 0 0.0 

Organizational Process 5 2.7 

Unsafe Supervision 

Inadequate Supervision 9 4.8 

Planned Inappropriate Operations 1 0.5 

Failed to Correct Known Problem 0 0.0 

Supervisory Violation 0 0.0 

Preconditions for Unsafe Acts 

Environmental Factors 

Physical Environment 36 19.7 

Technological Environment 7 3.7 

Condition of Operators 

Adverse Mental States 4 2.1 

Adverse Physiological States 1 0.5 

Physical / Mental Limitations 1 0.5 

Personnel Factors 

Crew Resource Management 1 0.5 

Personal Readiness 1 0.5 

Unsafe Acts 

Errors 

Decision Errors 35 19.1 

Skill-Based Errors 71 38.8 

Perceptual Errors 8 4.3 

Violations 

Routine Violations 2 1.1 

Exceptional Violations 0 0.0 

 

5.3.1.1 Organizational Influences 

Of the 187 causal factors identified, only 3% of causal factors were attributed to 

‘organizational influences’. Five of the six ‘organizational influences’ were further 

classified as ‘organizational process’; two of these cases were related to FAA regulatory 

enforcement and oversight while the remaining three cases were related to the adequacy of 

policies and procedures that were in effect during the time of the accident. The other causal 

factor was attributed to ‘resource management’. 
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5.3.1.2 Unsafe Supervision 

Five percent of causal factors were attributed to ‘unsafe supervision’. Nine of the 

ten cases where ‘unsafe supervision’ was documented were attributed to ‘inadequate 

supervision’. Fifteen of the 58 reports were for a mission type of ‘Instructional / Training’, 

indicating that 60% of the training accident reports analyzed were at least partially 

attributed to ‘inadequate supervision’. One instance of ‘planned inappropriate operations’ 

was found. 

5.3.1.3 Preconditions for Unsafe Acts 

Of the 183 causal factors identified, 51 of the factors (27.9%) were classified as 

‘preconditions for unsafe acts’. Environmental factors (n = 43), specifically factors 

classified as ‘physical environment’ (n=36), made up the majority of the ‘preconditions 

for unsafe acts’. The breakdown of the characteristics of the physical environment can be 

found in Table 10. 

Table 10. Breakdown of the characteristics of classifications identified as 'Physical 

Environment' 

Characteristic of Physical 

Environment 

Count 

Wire / power lines 6 

Wind 6 

Birds 1 

Ground vehicle 1 

Terrain – Mountains 3 

Terrain – Field 1 

Terrain - Ice 1 

Bees 1 

Trees 3 

Visibility – Cloud ceiling 4 

Visibility – White out 1 

Visibility – Darkness 1 

High density altitude 2 

Haze / smoke 1 

Wet landing surface 1 

Airport structure 1 

Pole  1 

Ship bow 1 
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‘Conditions of the operator’ and ‘personnel factors’ were associated with a 

relatively smaller number of causal factors, 3.2% and 1.1% of the total causal factors 

prospectively. Of the six causal factors classified as ‘condition of the operator’, four were 

attributed to ‘adverse mental states’. 

5.3.1.4 Unsafe Acts 

The majority of causal factors (63.3%) were classified as ‘unsafe acts’. There were 

substantially more errors observed than violations; 62.3% of causal factors were errors 

while only 1.1% were classified as violations. Of the violations observed, both were 

‘routine violations’. While ‘decision errors’ (n=35) represent a large number of the causal 

factors classified, the largest number of causal factors were classified as ‘skill-based errors’ 

(n=71). 

5.3.2 TRACEr Analysis 

After reconciliation, 110 error events were identified from 60 accident reports. Two 

reports had mismatched synopses and narratives (errors in the database) so the five error 

events associated with the reports could not be reconciled between the two analysts. Of the 

58 remaining reports, there were 105 classifications.  

5.3.2.1 Task Error Classifications 

Of the 105 error events associated with the 58 reports, the analysts could not reach 

a consensus on five task error classifications. After reconciliation, the analysts agreed on 

the classification of 100 task errors. The 100 task error classifications that the two analysts 

agreed on are presented in Appendix K and summarized in Figure 39. 
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Figure 39. Breakdown of classifications by task error category. 

 ‘Aviation / aircraft handling errors’ represented the largest category of task errors 

that were identified; thirty-eight of the one hundred task errors fell within this category. 

The greatest number of errors, 23.7% of the ‘aviation / aircraft handling errors’ identified, 

were classified as ‘autorotation errors’ or aircraft handling errors that occurred during a 

real or simulated autorotation procedure. ‘Rotor RPM / engine power errors’ and ‘deviation 

/ drift / inadvertent descent errors’ both had eight errors classified. Deviation errors were 

often observed when the pilots were operating in a hover close to the ground. Seven of the 

‘aviation / aircraft handling errors’ did not fit within the defined categories and were 

subsequently classified as ‘other aviation / aircraft handling errors’. The other 

classifications of ‘aviation / aircraft handling errors’ had two or fewer errors identified per 

classification option. 

‘Situation awareness /monitoring error’ was the category with the second highest 

number, 16%, of task errors identified. Eleven errors were identified as ‘terrain / obstacle 

awareness’ errors, representing 68.75% of the ‘situation awareness /monitoring error’ 

category. Three errors were identified as ‘aircraft systems awareness’; all other categories 

under ‘situation awareness /monitoring errors’ received one or less classifications. 
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Fifteen error events received a task error classification as a ‘procedure error’. 

‘Auto-rotation errors’ and ‘mission specific procedure error’ sub-categories each received 

four classifications. Mission-specific errors spanned a wide range from hoisting errors to 

landing errors depending on the mission that was being performed. Three ‘procedure 

errors’ were further placed in the ‘non-normal procedure error’ category. Both the ‘normal 

procedure error’ and ‘other procedure error’ sub-categories each received two 

classifications. 

The ‘training / supervision error’ category received eleven classifications all of 

which occurred in instructional flights. The majority, seven, of the eleven ‘training / 

supervision errors’ were attributed to ‘inadequate supervision’. ‘Delayed action’ was 

responsible for four of the ‘training / supervision errors’. ‘Material missing from training’ 

and ‘other training / supervision error’ sub-categories both had no classifications. Two 

‘hand-over / take-over errors’ were identified; both ‘hand-over / take-over errors’ were 

classified as ‘hand-over / take-over between student and instructor errors’. 

Ten percent of the task errors that were classified were within the ‘planning / 

preparation’ error sub-category. Physical pre-flight errors related to fuel and the walk-

around each accounted for two task errors. Two task errors were classified within the ‘risk 

assessment / analysis error’ sub-category and two other error were further classified as 

‘other planning / preparation errors’. The ‘weight and balance / performance calculation 

error’ sub-category and the ‘did not gather needed / current information’ sub-category each 

only received one task error classification. No task errors were attributed to errors within 

briefing, documentation, the maintenance log, or failing to bring the necessary equipment. 

Three ‘navigation errors’ were observed. Two such errors were further classified as 

‘visual navigation errors’ both of which were related to inadvertent instrument 

meteorological conditions.  One error was classified as a ‘flight path planning error’. 

Only one ‘external communication error’ was observed. The one ‘external 

communication error’ was further classified as an error ‘between the pilot and ATC’. No 

‘internal communication errors’ were identified within the set of sixty reports.  

One error fell within the ‘perceptual / motor error’ category and was further 

classified as a ‘control error’ where a control was inadvertently moved. 
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5.3.2.2 Cognitive Domain Classifications 

One hundred thirty-six cognitive domain classifications were found after 

reconciliation. Two accidents with mismatched narratives and synopses (errors in the 

database) accounted for six cognitive domain classifications and were discounted. The two 

analysts reached a consensus on 124 of the 130 classifications from 58 accident reports. 

One of the six classifications that were not resolved was attributed to one analyst not 

believing there was enough information to determine the error event. The remaining 

disagreements in classifications were often a result of the lack of in depth information 

within the synopsis and narrative to have a clear understanding of which cognitive domain 

the error event could be classified within. A summary of the TRACEr Cognitive Domain 

classifications found for the set of 58 helicopter NTSB reports is provided in Figure 40. 

The classification was only provided if both analysts agreed on the determination after 

reconciliation.  

 

 

Figure 40. Distribution of classifications by cognitive domain 
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The largest number of errors, 48 of 124, were classified within the ‘action control’ 

domain.  Thirty-nine errors, 31.5%, were attributed to ‘judgment, planning and decision 

making’. ‘Perception’ was the third most common cognitive domain, with 25 errors, 

representing 20.2% of the reconciled errors. ‘Memory’ only accounted for seven errors 

(5.6%) and ‘violations’ accounted for three errors (2.4%). The analysts agreed that two 

error events lacked enough information to classify the cognitive domain. 

5.3.2.3 Internal Error Mode (IEM) Classifications 

One hundred thirty internal error mode classifications were reconciled from the 58 

reports. Of the 130 IEM classifications, the analysts agreed on 120 classifications. The 

breakdown of IEM classifications is presented in Appendix L. 

The majority of IEM classifications, 39.17%, that were agreed upon fell under 

action control cognitive domain. The distribution of events classified within the Action 

Control IEMs is shown in Figure 41. Twenty ‘positioning errors’ were classified, 

representing 16.67% of the total IEM classifications and 42.55% of action control IEM 

classifications. Thirteen IEM classifications were categorized as ‘action control errors’, the 

generic action control classification if the error event did not fit within any of the other 

action control IEM categories.  
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Figure 41. Distribution of error events classified as Action Control IEMs 

 

Thirty-two percent of IEM classifications fell within Judgment, Planning, and 

Decision Making. The distribution of Judgment, Planning, and Decision Making IEMs can 

be found in Figure 42. ‘Incorrect plan’ and ‘under-plan’ each represented 26% of 

Judgment, Planning, and Decision Making IEMs and 8% of all IEMs. Nine IEMs error 

events were classified as ‘incorrect decisions’, representing 23% of Judgment, Planning, 

and Decision Making IEMs and 8% of all IEMs. ‘Misprojection’ accounted for 5 of the 39 

Judgment, Planning, and Decision Making IEMs, while 2 IEMs were classified as ‘no plan’ 

and 3 IEMs were classified as the generic ‘judgment, planning, and decision making error’. 
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Figure 42. Distribution of Judgment, Planning, and Decision Making IEM Classifications 

 

Twenty-three error events were classified with Perception IEMs, representing 

19.17% of the total IEM classifications. The distribution of Perception IEMs is shown in 

Figure 43. The majority (n = 10) of Perception IEMs, 44%, were classified as ‘no detection 

(visual)’ while eight IEMS were classified as ‘late detection (visual)’. An additional three 

IEMs were classified as ‘late identification (visual)’. ‘Perception error’ and ‘visual 

misperception’ each had one classification. 
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Figure 43. Distribution of Perception IEMs. 
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on 121 classifications. The breakdown of PEM classifications can be found in Appendix 

M. 

Judgment, Planning, and Decision Making accounted for 19 of the 121 PEM 

classifications (15.70%). This distribution of Judgment, Planning, and Decision Making 

PEM classifications can be seen in Figure 44. Both ‘failure to consider side- or long-term 

effects’ and ‘integration failure’ received six classifications, each representing 5% of all 

PEM classifications and 32% of the Judgment, Planning, and Decision Making PEM 

classifications. Three PEMs were classified as ‘false assumptions’ and one PEM was 

classified as ‘incorrect knowledge’. Two ‘risk recognition failures’ were observed along 

with one ‘risk negation or tolerance’ error.  

 

Figure 44. Distribution of Judgment, Planning, and Decision Making PEM classifications. 
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variability’. Two classifications were made for both ‘distraction / preoccupation’ and ‘other 

slip’, each accounting for 13% of Action Control PEM classifications. 

 

 

Figure 45. Distribution of Action Control PEM classifications. 

 

Thirteen Perception PEMs were classified, representing 10.74% of all PEM 

classifications. ‘Perceptual discrimination failure’ PEM classifications were given for eight 

error events, representing 62% of all Perception PEMs. ‘Distraction / preoccupation’ and 

‘expectation bias’ each received two classifications.  
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5.3.2.5 Information Classifications 

After reconciliation, 152 information classifications were identified from the 58 

reports. The analysts agreed on 149 of the 152 classifications. The breakdown of 

information classifications is provided in Appendix N. To note, each error event could be 

associated with more than one information classification. 

Ten information classifications were within ‘Airport / Destination Information’. 

Four of the ten classifications were related to obstacles, while three classifications were 

associated with the terrain and surface conditions. Weather information was found within 

two information classifications. 

‘Airspace Information’ received 21 classifications from the 58 reports, representing 

14% of total information classifications.  ‘Terrain / obstacles / HTAWS’ was classified as 

the subject of an error 14 times. ‘Weather / radar’ was identified as the subject of an error 

six times. 

‘Pilot Material’ was identified as the subject of an error event 25 times, representing 

16.78% of information classifications. Different procedures were primarily responsible for 

the majority of ‘Pilot Material’ information classifications. ‘Company Standard Operating 

Procedures’ and ‘Regulations’ were each the subject of 5 error events. Procedures within 

aircraft manuals were related to four error events and ‘checklist items’ were the subject of 

three error events.  

The category of ‘Variable Aircraft Information & Pilot Activities’ received the 

largest number of information classifications (n=86), representing 57.72% of all 

information classifications. Eighteen of the ‘Variable Aircraft Information & Pilot 

Activities’ classifications were further classified as ‘Rotor RPM’. These classifications 

were most commonly related to a reduction in helicopter rotor RPM, the initiation of the 

low rotor RPM horn, or the failure of the pilot to notice the decline of rotor RPM. Eight 

classifications were further categorized as being related to ‘Altitude’, ‘Drift’, and 

‘Descent’. Seven error events were determined to be the subject of ‘Emergency /Non-

Normal’ circumstances or procedures. Such classifications were often related to the 

improper response to a non-normal circumstance. Six error events were the subject of 

‘Avoiding Actions’. ‘Aircraft performance’, ‘Direction of Turn’, ‘Fuel’, and ‘Pitch’ were 
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determined to each be the subject of five error events. Error events related to fuel were 

associated with insufficient fuel planning, lack of fuel monitoring, and fuel starvation. 

Seven error events were attributed to information that did not fit within ‘Airport / 

Destination Information’, ‘Airspace Information’, ‘Pilot Material’, or ‘Variable Aircraft 

Information and Pilot Activities’.  

All error events were attributed to at least one information classification. 

5.3.2.6 Performance Shaping Factor (PSF) Classifications 

Analysts were able to select multiple performance shaping factors (PSFs) that were 

associated with the occurrence of each event. From the 58 reports, a total of 236 PSFs were 

classified. The analysts were unable to classify any PSFs for two error events. See 

Appendix O for the breakdown of the 236 PSFs identified and Figure 46 for the summary 

of the distribution of PSF classifications by PSF category. 

 

Figure 46. Breakdown of error events in 58 reports by Performance Shaping Category 

 

Performance shaping factors within the ‘personal factors’ category received 70 

classifications (29.66% of the 236 total PSF classifications). ‘Situational awareness’ was 
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partially attributed to ‘distraction / mismanagement of attention’. Twenty-four error events 

were at least partially attributed to ‘decision making skills’. A mismatch between what was 

expected and what actually occurred contributed to three accidents.  

PSFs categorized under ‘external environment’ were identified 64 times and 

composed 27.12% of the total PSFs. ‘Visibility’ played a role in occurrence of ten error 

events. ‘Bright light’ which can be associated with glare was identified within one error 

event while dark ‘night’ conditions led to four error events. ‘Power lines / wires’ played a 

role in occurrence of ten error events. ‘Trees’ played a part in the occurrence of four error 

events, while other obstacles besides trees, power lines, and wires led to five error events. 

‘Steep terrain’ played a role in the onset of three error events, while ‘flat terrain’ was not 

responsible for any error events. ‘Other terrain’ was partially attributed to the occurrence 

of one error event.  ‘Surface condition’ was partially responsible for the occurrence of five 

error events. Surface conditions included tall grass, mud, and snow. Several characteristics 

of the external environment can lead to high air density conditions that negatively impact 

rotor RPM. Four error events were partially attributed to ‘altitude / elevation’ which can 

influence air density and aircraft performance. Two error events were attributed to 

‘temperature’; hot and humid days often led to reduced aircraft performance. 

Thirty-five classifications (14.83% of PSF classifications) were made that could be 

categorized under ‘experience / competence / training’. ‘Competence’ was associated with 

the occurrence of 15 error events and ‘level of experience’ led to the occurrence of 14 error 

events. Three error events occurred due to poor ‘mentoring quality’.  

Seventeen PSF classifications fell within ‘social and team factors’, representing 

7.20% of all PSF classifications made. Eight error events occurred because of poor 

‘supervision within crew’ which most commonly was seen as inadequate supervision by a 

flight instructor. ‘Team coordination quality’ and ‘hand-over / take-over’ each led to the 

occurrence of two error events. ‘Allocation of responsibility’, ‘team relations and trust’, 

and ‘team communication quality’ were all partially responsible for the occurrence of one 

error event. 

Fifteen ‘organizational factor’ PSFs were classified, representing 6.36% of all 

PSFs. Seven error events occurred because of the poor ‘quality of procedures, standards, 
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and regulations’. Four occurrences of poor ‘supervision’ were classified and there were 

three instance of ‘safety culture’ that led to the occurrence of error events. 

Fifteen PSF classifications within ‘human machine interface and equipment 

factors’ were made, representing 6.36% of all PSF classifications. ‘Equipment reliability’ 

negatively impacted the occurrence of four error events while ‘alarms and warning devices’ 

lessened the impact of two error events. Seven error events occurred because of ‘other HMI 

or equipment factors’. 

PSF classifications within ‘procedures / documentation’ were noted thirteen times. 

Eight error events occurred due to ‘time pressure’ that allowed for minimal time to respond.  

PSFs falling within the ‘Communication’ category were partially responsible for 

the occurrence of four error events. Three error events occurred due to ‘lack of information’ 

while a different error event occurred because of ‘incorrect information’. There were two 

error events that occurred due to procedures ‘compatibility with other procedures’.  

‘Infrastructure / traffic / airspace’ had two PSF classifications, one related to 

‘weather’ and the other classified as ‘other infrastructure / traffic / airspace factors’. 

‘Distraction’, the only PSF classification within ‘internal environment’, was 

responsible for one error event. 

5.3.2.7 Detection Classifications 

From the original set of 60 reports, 109 classifications were found for the method 

of error event detection. After two reports were removed for mismatched synopses and 

narratives, 107 classifications for the method of detection remained. As shown in Table 11, 

outcome feedback (n=70) was the detection method for 65.42% of the 107 error events. 

Outcome feedback was selected when the error event was detected by the pilot based on 

the consequences of the system; such as when the pilot detected the drop in rotor RPM 

because the low rotor RPM horn sounded. Eight error events, 7.48%, were externally 

detected by a person other than the pilot flying. The majority of error events that were 

externally detected were performed by a student pilot and detected by a certified flight 

instructor. Action feedback and internal feedback were each the detection method of a 

single error event. Fourteen error events, 13.08%, were not detected. The detection method 

of 13 error events was unknown. 
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Table 11. Distribution of detection method classifications for a set of 58 accident reports. 

Detection Method Classification Count 

Percent 

(%) 

Action Feedback 1 0.93% 

Inner Feedback 1 0.93% 

Outcome Feedback 70 65.42% 

External Detection 8 7.48% 

Unknown 13 12.15% 

Not Detected 14 13.08% 

Total 107  
  

The distribution of performance shaping factors that improved or degraded the 

detection of error events is shown in Appendix P. Analysts were unable to determine a 

performance shaping factor that improved or degraded the detection of the error in 44 of 

the 107 error events (41.12% of error events). 

The detection of 26.17% of error events was influenced by the pilot’s ‘personal 

factors’. ‘Situation awareness’ degraded the detection of 11.21% of error events and 

‘vigilance’ negatively impacted two error events (1.87%). ‘Distraction / mismanagement 

of attention’ was determined to impede the detection of eight error events. ‘Physical health 

issues’ and ‘decision making skills’ both negatively impacted the detection of two error 

events.  

Classifications falling within the category of ‘external environment’ negatively 

impacted the detection of 8 error events (7.48%). The detection of six error events was 

degraded by visibility, which made it difficult to see obstacles and terrain. 

‘Experience / competence / training’ impacted the detection of nine (8.41%) error 

events. Detection of four error events was impeded by ‘level of experience’ while another 

four error events were negatively impacted by ‘mentoring quality’.  

‘Social and team factors’ impacted the detection of six error events (5.61%). 

‘Supervision within crew’ improved the detection of four error events when the flight 

instructor detected a student’s error. The detection of two error events were negatively 

impacted by the ‘allocation of responsibility’ amongst the crew. 
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‘Procedures / documentation’ impeded the detection of four error events (3.74%). 

Detection of two error events were negatively impacted by the availability of procedures 

while one error event was negatively impacted by ‘procedure comprehensiveness / 

completeness’.  

Alarms and warning devices, under ‘human machine interface and equipment 

factors’, assisted in the detection of five error events (4.67%). 

‘Communication’ degraded the detection of two error events. Detection of one error 

event was negatively impacted by ‘communication quality’ and the detection of the other 

error event was impacted by ‘lack of information’. 

‘Organizational factors’, further classified as ‘supervision’, impeded the detection 

of one error event. Classifications within ‘Infrastructure / Traffic / Airspace’ and ‘Internal 

Environment’ were not thought to improve or degrade the detection of any of the error 

events identified within the 58 reports. 

5.3.2.8 Recovery Classifications 

From the original set of 60 reports, 107 classifications were made regarding the 

method used to recover from error events. After removing the two mismatched reports, 106 

recovery method classifications remained. Analysts could not reach an agreement on the 

recovery method of one error event, thus the remaining 105 recovery method classifications 

that both analysts agreed on is presented in Table 12. 

Table 12. Distribution of recovery methods for error events from a set of 58 accident 

reports 

Recovery Method Classification Count 

Percent 

(%) 

Reversal or Direct Correction 3 2.86% 

Automated Correction 0 0.00% 

Plan Reinstatement 1 0.95% 

Plan Modification 28 26.67% 

External Correction 8 7.62% 

Did Not Correct Error 65 61.90% 

Total 105  
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Nearly 62% of error events were not corrected. Pilots attempted to recover from 28 

error events by modifying their plan. Note that plan modifications rarely proved successful. 

Eight error events (7.62%) were corrected by a person other than the individual that 

initiated the error event. The majority of error events with external correction involved a 

flight instructor taking over control of the helicopter from a student pilot. ‘Reversal or 

direct correction’ was used as the recovery method for three error events; such recovery 

methods were often found when a control, such as the collective, was moved in the wrong 

direction. ‘Plan reinstatement’ was used to recover from one error event. 

The distribution of performance shaping factors that assisted or impeded in the 

recovery from error events is shown in Appendix Q. Analysts did not identify or could not 

agree upon PSFs that impacted the recovery from an error events in 40% (n=42) of the 105 

error events.  

Performance shaping factors within the ‘external environment’ category negatively 

impacted 28 error events (26.67%). ‘Visibility’ hindered recovery from four error events, 

most often because the pilots did not have clear views of the surrounding terrain. ‘Night’ 

or dark conditions hindered the recovery from one error event for similar reasons as 

‘visibility’. 

‘Surface condition’ impeded recovery from four error events. There were a variety 

of surface conditions that hindered recovery although snow, mud, and grass all were 

mentioned at least once. ‘Steep terrain’ negatively impacted the recovery from two error 

events since it is harder to land successfully in steep terrain environments. 

‘Trees’ negatively impacted recovery from three error events. Trees most 

commonly presented an issue when the pilot was performing an emergency procedure, 

such as an autorotation. ‘Power lines’ also impeded recovery from three error events, all 

error events were related to the pilot having struck the power lines which resulted in 

damage to the helicopter.  

‘Altitude / elevation’ impeded the recovery from two error events while 

‘precipitation’ hindered recovery from another error event. Recovery from five different 

error events was hindered by ‘other external environment factors’. 
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‘Personal factors’ hindered the recovery of 11.43 % error events. Recovery of six 

error events was degraded by ‘situational awareness’ and recovery from another three error 

events was hindered by ‘distraction / mismanagement of attention’. ‘Other personal 

factors’ impeded recovery from two error events.  

Recovery of nine error events (8.57%) was hindered by classifications within 

‘Experience / competence / training’. Pilots’ experience negatively impacted the recovery 

from five error events; in all cases the pilots were students. Poor ‘mentoring quality’ 

negatively impacted the recovery from two error events.  

‘Social and team factors’ impacted the recovery of four error events. ‘Supervision 

within crew’ assisted in the recovery of three error events, when the flight instructor took 

control of the helicopter from a student pilot. One error event was hindered by a ‘hand-

over / take-over’ because both the student and instructor had control of the helicopter. 

Classifications under ‘procedures / documentation’ hindered six error events 

(5.71%). Recovery from four of these error events was impeded by ‘time pressure – time 

to respond’; these error events often occurred at low elevations which allowed pilots very 

little time to correct the error event before impacting the ground.  

‘Other infrastructure / traffic / airspace factors’ within the ‘infrastructure / traffic / 

airspace’ PSF category assisted in the recovery of one error event. In this error event, the 

aircrafts proximity to its base location assisted in the ability to safely land the aircraft.  

‘Other HMI or equipment factors’ negatively impacted the recovery from one error 

event. ‘Communication quality’ hindered recovery from one error event. 

‘Organizational factors’ and ‘Internal Environment’ PSFs did not improve or hinder 

the recovery from any of the 105 error events. 

5.3.3 SOAM Analysis 

Three hundred twenty classifications were found after reconciliation. The two 

analysts reached consensus on 315 of the classification; the analysts were unable to reach 

agreement on the classification of five error events. Five classifications were found within 

two reports, CEN13LA463 and CEN14CA017, that had mismatched synopses and 

narratives (errors in the database); these classifications were omitted from the discussion 

within this section. A summary of the 310 SOAM classifications found for the set of 58 
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helicopter NTSB reports is provided in Appendix R and Figure 47. The classification was 

only provided if both analysts agreed on the determination after reconciliation.  

 

Figure 47. Distribution of classifications by SOAM category. 

 

Human Involvement accounted for the largest number of errors within the accident 

reports analyzed. Absent or Failed Barriers were also found in the majority of the reports 

along with the Contextual Condition of a Hostile Environment. 

One report did not include any classifications since the cause of the accident could 

not be identified by either of the analysts. 

5.3.3.1 Absent or Failed Barriers 

Absent or failed barriers accounted for 105 of the 310, 33.9%, of the error events 

classified. The breakdown of absent or failed barriers can be seen in Figure 48. Lack of 

control and interim recovery barriers accounted for 32 of the total error events, representing 

30% of the total absent or failed barrier error events. Such error events were related to 

recovering from a non-normal condition, such as unsuccessfully completing an 

autorotation after an engine failure. An additional 30% of absent or failed barriers were 
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attributed to lack of awareness or an understanding of the system state, guidelines, and 

procedures that apply to a given task. Nineteen error events were attributed to a failure of 

or lack of restriction; restriction includes limitation or preconditions for an action such as 

a failure of completing a checklist item or having a helicopter certificate. Seventeen error 

events were related to a lack of detection by an automated system, pilot, or flight instructor. 

Only six error events were related to protection and containment and most were related to 

physical hardware. No errors were attributed to a lack of escape and rescue barriers. 

 

 

Figure 48. Number of error events associated with each 'Absent or Failed Barrier' 

category. 

 

5.3.3.2 Human Involvement 

Human involvement was selected as the classification for an error event when the 

item described an action or non-action taking place immediately prior to and contributing 

to the accident. Error events attributed to human involvement accounted for 103 of the 310 

classifications, over 30% of the total error events within the 58 reports. 
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5.3.3.3 Contextual Conditions 

Contextual conditions accounted for 81 of the 310 error events, representing 26% 

of the causal factors identified. Figure 49 shows the distribution of causal factors among 

the contextual condition categories.  

 

 

Figure 49. Number of error events attributed to each 'Contextual Condition' category. 

 

Workplace conditions (e.g., hostile work environment, poor communication, time 

pressure, etc.) accounted for the greatest number of contextual condition error events, 

representing 53% of contextual conditions identified. A classification of hostile 

environment accounted for 31 of the 43 workplace conditions. Causal factors that were 

classified as hostile environment were most often related to external environment factors 

such as wind, visibility, precipitation, and terrain. 

Human performance limitations accounted for 37% of the contextual conditions 

identified. The attention capture / preoccupation / distraction classification accounted for 

seven error events while the situational awareness classification accounted for four error 
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events, both classifications were most commonly observed as failures in monitoring the 

environment, task, or crew member.  

Organizational climate only accounted for two error events; one had a sub-

classification of violations tolerated and the other was classified as a poor supervisory 

example. Attitudes and personality factors were attributed to four error events; three were 

identified as poor judgment while the other was attributed to behavioral beliefs. 

Physiological and emotional factors were only responsible for two error events. 

5.3.3.4 Organizational Factors 

Nineteen error events were classified as organizational factors. Four of the nineteen 

error events were classified as policies and procedures; three such error events were part 

of a single accident report. Three organizational factors were related to the external 

environment; such factors were associated with FAA regulations and enforcement as well 

as common industry practices. Three of the organizational factors were attributed to 

equipment and infrastructure; these were related to equipment choices made by 

management as well as calibration issues with fuel gauges. 

Two communication organization factors were observed; both were related to 

management’s failure to pass along relevant information to the flight crew. Organizational 

culture and maintenance management also had two error event classifications. 

Training, competing goals, and change management each had one error event 

classification. No error events were attributed to workforce management, accountability, 

or risk management. 

5.3.4 Selection Criteria 

Prior to Study 2, criteria for inter-rater reliability, comprehensiveness, analysts’ 

confidence, and application time was established for the selection of the framework to be 

used in future helicopter accident report analysis.  

5.3.5 Reliability 

The reliability of each framework was documented using two measures: the percent 

of causal factors /error event classifications that analysts agreed on prior to reconciliation 

and the Cohen’s Kappa value measured after classifications were reconciled. Reliability 
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metrics use classifications from 58 reports; the two reports that had mismatched synopses 

and narratives were excluded from the calculations.  

A Kappa value greater than 0.6 is viewed as an acceptable level of agreement  

(Fleiss, 1971). If a framework had a Kappa value less than 0.6, it was automatically be 

disqualified for use in Study 3. 

5.3.5.1 HFACS Reliability 

Initially, analysts agreed that 169 of 194 causal factors identified within the 

accidents were relevant and applicable for HFACS classification; in other words, analysts 

agreed that a causal factor was relevant and fit within the HFACS framework 87% of the 

time.  Of the causal factors that both analysts agreed were relevant and could be classified, 

the analysts agreed on the lowest level of HFACS classifications in 75% of causal factors. 

Analysts agreed on the middle level of HFACs classifications in 89.29% of causal factors 

and on the highest level of HFACS classifications in 90.47% of causal factors. Prior to 

reconciliation, Cohen’s Kappa values were found to determine if there was agreement 

between the two analysts regarding the HFACS classifications of each causal factor. There 

was a low level of agreement at the most detailed level of HFACs, κ = 0.310, however the 

middle level and high level had moderate levels of agreement (κ = 0.620 and κ = 0.631 

prospectively). 

 After reconciliation, the analysts agreed that 96.83% of casual factors were 

relevant and fit within the HFACS framework. Analysts agreed on all HFACS 

classifications for the causal factors that both agreed to include.  After reconciliation, 

Cohen’s Kappa was run to determine if there was agreement between the two analysts 

regarding the HFACS classifications of each causal factor. There was high agreement 

between the two analysts’ classifications at the most detailed level, κ = 0.97. The Cohen’s 

Kappa values includes the causal factors that the analysts disagreed. 

5.3.5.2 TRACEr Reliability 

TRACEr required that the analysts use their best judgment to identify error events 

from the synopsis and narrative of each report. Prior to reconciliation there were 125 error 

events identified, the analysts agreed on 96 of the error events (76.80%). After 

reconciliation, the analysts agreed on the existence of all error events. 
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Before the analysts had reconciled the error events, the analysts agreed on the 

lowest level classification of task error for 32.29% of the aligned error events. Analysts 

agreed on 46.88% of the higher level classifications of task error prior to reconciliation. 

After reconciliation, the analysts agreed on the task error classification for 95.24% of error 

events. There was one error event that one analyst believed could not be classified with a 

task error classification due to the limited amount of information. Using Cohen’s Kappa, 

there was a high rate of agreement between the analysts’ task error classifications after 

reconciliation, κ = 0.95. 

Before the analysts had reconciled the error events, the analysts agreed on 49.29% 

of cognitive domain classifications for the aligned error events. Analysts agreed on the 

cognitive domain classification of 94.35% of error events after cognitive domain 

classification reconciliation. Cognitive domain classifications had a high rate of analyst 

agreement after reconciliation, κ = 0.94. 

Cognitive domain classifications were then further broken down to an internal error 

mode (IEM) classification. Before the analysts had reconciled the error events, the analysts 

agreed on 22.14% of IEM classifications for the aligned error events. Analysts agreed on 

the IEM classification of 91.94% of error events after IEM reconciliation. IEM 

classifications had a high rate of analyst agreement after reconciliation, κ = 0.92. 

Cognitive domain classifications were also paired with a psychological error 

mechanism (PEM) classification. Before the analysts had reconciled the error events, the 

analysts agreed on 50.00% of the PEM classifications for the aligned error events. Analysts 

agreed on 97.58% of PEM classifications after reconciliation. PEM classifications had a 

high rate of analyst agreement after reconciliation, κ = 0.96. 

Analysts agreed on 17.54% of information classifications for the aligned error 

events prior to reconciliation. After information classification reconciliation, the analysts 

agreed on 98.68% of information classifications in which the analysts also agreed on the 

presence of an error event (97.39% of all information classifications made). A Cohen’s 

kappa of 0.98 was found indicating a strong level of agreement for information 

classifications. 
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Analysts agreed on 17.23% of performance shaping factor (PSF) classifications for 

aligned error events prior to reconciliation. After the PSF classifications were reconciled 

the analysts agreed on all PSF classifications. Cohen’s Kappa was calculated to determine 

the level of agreement on PSF classifications after reconciliation; the κ value of 1.00 

indicated perfect agreement. 

The detection of error events was classified by detection method and detection 

performance shaping factors. Prior to reconciliation, the analysts agreed on the detection 

method classification of 55.44% of the aligned error events. The analysts agreed on 1.09% 

of the detection PSF classifications for the aligned error events. After reconciliation After 

reconciliation, analysts agreed on all detection method classifications (κ=1.00) and 

performance shaping factors (κ=1.00). 

The recovery of error events was classified by recovery method and recovery 

performance shaping factors. Prior to reconciliation, the analysts agreed on 60.00% of 

recovery method classifications for the aligned error events. The analysts agreed on 2.11% 

of recovery performance shaping factors associated with the aligned error events. After 

reconciliation, analysts agreed on 99% of the recovery method classifications (κ=0.98) and 

all of the recovery performance shaping factors (κ=1.00). 

5.3.5.3 SOAM Reliability 

SOAM required that the analysts use their best judgment to identify error events 

from the synopsis and narrative of each report. Prior to reconciliation, 366 error events 

were identified, only 155 error events were identified by both analysts (representing 

42.35% agreement on the existence of an error event). Of the error events that both analysts 

agreed were relevant, analysts agreed on the most detailed level of classification 56.77% 

of the time. Analysts agreed on the middle level of classification detail for 60.65% of error 

events that both included. At the highest level of classification, analysts agreed on the 

classification for 76.77% of error events that both included. 

After reconciliation, the analysts agreed on the existence of 99.36% of error events. 

The analysts agreed on the lowest level of SOAM classifications for 98.71% of error events 

that both felt were relevant.  Analysts agreed on the highest level of SOAM classifications 
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for all error events that both deemed as relevant. Using Cohen’s kappa, there was a high 

rate of agreement between the analysts’ SOAM classifications at the most detailed level, κ 

= 0.98. 

5.3.6 Application Time 

Application time was measured using the difference between the time the analyst 

started reading the report in the MS Access form and the time that the analyst finished 

coding the report and selected the ‘Record End Time’ button within the MS Access form. 

The mean, standard deviation, minimum, and maximum application times for each 

framework are provided in Table 13. Application time was missing for two reports using 

HFACS and for one report using SOAM.  

Table 13. Descriptive statistics of the application time of TRACEr, SOAM, and HFACS 

for each report. 

 

 

Since the same reports were used for each framework, application time was 

compared for each report using a Related-Samples Friedman’s Two-Way Analysis of 

Variance by Ranks to determine if the distributions of TRACEr, SOAM, and HFACS’ 

application time was the same. Each NTSB report was used two times within the 

Friedman’s test, once comparing the application times of Analyst 1 and once comparing 

the application times of Analysts 2, 3, and 4.  There was a statistically significant difference 

in the application time depending on which framework was applied, χ2(2)=162.602, p < 

0.0005. 

Paired samples T-tests were used to compare the application times of two-

framework pairs. TRACEr took significantly less time to apply to each report than SOAM, 

t(114) = -2.156, p = 0.033. HFACS took significantly less time to apply than TRACEr, 

 N Minimum 

 (sec / report) 

Maximum  

(sec / report) 

Mean 

 (sec / report) 

Std. 

Deviation 

TRACER 116 76 4070 772.73 644.280 

SOAM 115 143 15967 1112.08 1636.545 

HFACS 114 52 1221 230.04 199.303 

Valid N 

(listwise) 

113     



177 

 

 

t(113) = -9.851, p < 0.000000005. HFACS also took significantly less time than SOAM, 

t(112) = -5.799, p < 0.000000005. 

5.3.7 Analysts’ Confidence 

Analysts provided a confidence score for each classification / error event from ‘Not 

at all Confident’ (a score of 1) to ‘Very Confident’ (a score of 5). confidence using the 

frameworks will be measured by taking the average of analysts’ confidence scores, from 1 

(not at all confident) to 5 (very confident). Confidence scores provided by the two analysts 

(per framework) for each report were averaged.  

The average of all confidence scores provided when using HFACS was 4.1688. The 

average of all confidence scorers provided when TRACEr and SOAM were 3.588 and 

3.7154 prospectively. 

The mean, standard deviation, minimum, and maximum average confidence 

scores per report for each framework are provided in Table 14. HFACS had the highest 

average confidence score while SOAM had the lowest average confidence score. 

Table 14. Descriptive statistics of the average confidence score per report of TRACEr, 

SOAM, and HFACS for each report. 

 
N 

Minimu

m 

Maximu

m 
Mean 

Std. 

Deviation 

TRACEr 60 2.25 4.50 3.7182 .55210 

SOAM 60 1.00 4.80 3.6480 .63559 

HFACS 60 3.00 5.00 4.1686 .49933 

Valid N 

(listwise) 
60     

 

Since the same reports set was used for each framework, the distribution of the 

average confidence score for each report was compared using a Related-Samples 

Friedman’s Two-Way Analysis of Variance by Ranks test to determine the analysts’ 

confidence scores for TRACEr, SOAM, and HFACS were the same. Each NTSB report 

had one average confidence score for each of the three frameworks.  There was a 

statistically significant difference in the average confidence score depending on which 

framework was applied, χ2(2)=11.615, p < 0.003. 
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5.3.8 Comprehensiveness 

Comprehensiveness was measured as the percent of reports that fit into one or more 

error categories for each framework (or taxonomy within a framework in the case of 

TRACEr). 

After reconciliation, 56 of 58 reports (96.55%) received at least one classification 

within HFACS.  

All 58 reports (100%) had error events identified using TRACEr after 

reconciliation. Fifty-six of the 58 reports (96.55%) received at least one task error 

classifications that the analysts agreed upon. Fifty-five of 58 reports (94.83%) had at least 

one cognitive domain classification that analysts agreed on; 54 of the reports (93.10%) had 

at least one IEM classification that the analysts agreed on. Only 35 reports, 60.34%, had 

one or more PEM classifications that the analysts agreed on. This was most often due to 

limited information within the report that could be used to determine why the error event 

occurred. Fifty-seven of the 58 reports (98.27%) had at least one information classification; 

the one report that did not have any information classifications was documented two years 

after the accident so there was no way to know what the topic of the error was related to. 

Fifty-six of the 58 reports (96.55%) had at least one PSF classification identified. 

All reports contacted at least one detection method classification using the TRACEr 

framework. The analysts could not identify a PSF that impacted the detection of error 

events within 11 of the 58 reports. All reports included at least one recovery method 

classification, however the analysts could not reach agreement on of the classifications. 

Forty of the 58 reports, 68.97%, included at least one error event recovery PSF. 

Fifty-seven of the 58 reports, 98.28%, received at least one classification using the 

SOAM framework. 
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5.4 Discussion 

Study 2 sought to identify which of three selected frameworks (HFACS, TRACEr, 

and SOAM) was best suited for the helicopter accident report analysis based on 

comprehensiveness, reliability, analyst confidence, and application time. 

Prior to the study, the researcher developed a set of criteria that was used to select 

which framework to proceed with for future helicopter accident report analysis studies 

including Study 3. In order to use a framework in Study 3 all selection criteria were 

required to be met. The selection criteria included: (1) 70% of reports fit in one or more 

error categories, (2) there is an inter-rater reliability with a Cohen’s Kappa greater than 

0.60, (3) the overall analyst confidence score is above 3.75 on a scale from 1 to 5, and (4) 

the application time was not significantly greater than the other frameworks evaluated. If 

more than one framework met the criteria, the best framework would have been determined 

using a multi-weighted scoring model. If none of the frameworks fulfilled the criteria a 

modified framework would have been created. 

5.4.1 Comprehensiveness 

Comprehensiveness was evaluated by the number of reports that received at least 

one classification using the framework. If multiple taxonomies made up the framework, 

such was the case with TRACEr, comprehensiveness was evaluated per taxonomy and all 

70% of reports were required to have at least one classification per taxonomy. Both HFACS 

and SOAM had at least one classification in over 95% of the reports.  

TRACEr had error events identified in all reports. Over 90% of reports had one or 

more task error, cognitive domain, internal error mode, information, and performance 

shaping factor classifications. Sixty percent of reports received one or more psychological 

error mechanism classifications, which fell beneath the 70% criteria.  

The lower number of reports having a TRACEr PEM classification compared to 

task error, cognitive domain, IEM, and information classifications is not surprising when 

one considers the type and quality of information that is required to classify the 

psychological error mechanism. While task errors describe what task was performed 
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incorrectly and internal error modes describe the cognitive function that failed and the way 

in which it failed, PEM classifications specify why the IEM occurred. The majority of 

narratives and synopses within reports were between one and three paragraphs long and 

included details of the tasks that were not performed and environmental factors that could 

have impacted the accident. Detail into every nuance of error events was not included 

because: (1)  the NTSB investigators were often not on site and used second- or third-hand 

accounts of the accident, (2) the NTSB investigators would have to ask very detailed 

questions about why each error event occurred which they did not, and (3) , in some cases, 

the pilots died in the accident so there is no way to truly know why they performed or failed 

to perform certain actions. While it would be beneficial to know the PEM of each error 

event, it would be nearly impossible to do so, and, furthermore, the level of detail needed 

to define the PEM was not required for the classifications used by SOAM or HFACS.  

Both the detection and recovery methods had met the comprehensiveness criteria. 

Over 80% of reports had at least one detection PSF classified, but only 68.97% of reports 

had at least one recovery PSF classification. This was likely due to the many factors that 

could impede recovery that were not included within the report. Because helicopters are 

such complex pieces of technology, shifts in wind, features of terrain, and any number of 

other factors could negatively impact the recovery from an error event. 

Also of note, is that the comprehensiveness criteria was set using the percent of 

reports that had at least one classification. A more stringent approach to measure 

comprehensiveness would have used the percent of causal factors or error events from the 

set of reports that could be classified using each framework. While this would have been 

ideal, HFACS used the causal factors identified within each NTSB report while SOAM 

and TRACEr required the analysts to define the error events for each report; thus the 

number of error events and causal factors would not necessarily be equal.  

5.4.2 Reliability 

A framework was required to have a Cohen’s Kappa value of at least 0.60 to be 

used in Study 3. After reconciliation, all frameworks (and taxonomies within TRACEr) 
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had kappa values greater that 0.90 indicating very strong analyst agreement. By the criteria 

set, any of the frameworks could have been used within Study 3 based on their kappa 

values. 

While the level of agreement after reconciliation was important, perhaps more 

important was the rate of agreement before classifications were reconciled. Analysts 

initially agreed that 87% of causal factors were relevant and could be classified using 

HFACS. Due to the relatively high agreement in causal factors, a Cohen’s kappa value 

could be calculated for the HFACS classifications prior to reconciliation. A Cohen’s kappa 

value of 0.310 was found for the most detailed level of HFACS. This value is by no means 

an acceptable level of agreement, but when we look at the mid-level classifications a kappa 

value of 0.620 is found, indicating a low but acceptable level of agreement. The difference 

in the two kappa values indicates that the analysts had some level of understanding of the 

classifications, but that there may have been some overlap in the definitions of the most 

detailed classifications. Prior to reconciliation, analysts often disagreed on skill-based 

errors and decision errors. 

While HFACS required that the analysts classify causal factors that were already 

identified in the accident reports, TRACEr and SOAM required the analysts to make 

judgments on what constituted an error event based on the synopsis provided in each report. 

The two analysts who applied TRACEr agreed on the relevance of 76.80% of error events 

prior to reconciliation. Analysts that used SOAM agreed on only 42.35% of error events 

prior to reconciliation. The low level of error event agreement made it difficult to calculate 

Cohen’s Kappa values since a missing classification could be related to a missing error 

event or the failure to provide a classification for an existing error event; a similar issue 

was experienced by Baysari (2011) who presented the percent agreement per taxonomy. 

To prevent this issue in the future, it would be beneficial to reach a consensus on the error 

events that should be used prior to applying classifications. Analysts could use the causal 

factors identified by the NTSB that are already present within the reports, however this 

goes against the intention of the frameworks in which the analysts use their best judgment 

to determine what is important and also assumes that the NTSB investigators captured all 

relevant information within the causal factors. A better strategy would require the analysts 
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to read the reports and identity error events, together determine which error events should 

be used, and then read the reports and classify the error events on their own. This strategy 

would allow for Cohen’s Kappa to be calculated, but would require more time and effort 

from the analysts. 

Prior to reconciliation HFACS had 87% agreement on the causal factors that both 

analysts had classified. HFACS’ high rate of agreement compared to the other frameworks 

could have occurred for several reasons: (1) definitions of HFACS’ classifications have 

been refined and validated for aviation accident reports, (2) HFACS’ classifications are 

coarse compared to the level of detail in other frameworks such as TRACEr’s IEM and 

PEM taxonomies, (3) the analysts were classifying the same causal factors, thus 

interpretation of a user defined error event was not present. 

TRACEr had a low rate of agreement across taxonomies prior to reconciliation. The 

task error taxonomy had classification agreement on 32.29% of aligned error events. Low 

agreement of task errors could have been caused from the unique presentation and structure 

of error events even if they were aligned that may have skewed the task error classification, 

or that the task error taxonomy had been modified for helicopters and could have had 

overlapping task error definitions. 

Cognitive domain, IEM, and PEM classifications also had a low rate of agreement 

prior to reconciliation despite the lack of modifications made to the three taxonomies. The 

level of agreement of cognitive domain classifications (42.29%) compared to internal error 

mode classifications (22.14%) could be explained by the coarseness of the two taxonomies. 

IEM classifications have a much higher level of granularity, and as such have a higher 

likelihood of overlap within the classifications which would negatively impact the rate of 

agreement. PEM classifications had relatively high agreement (50.00%) compared to the 

other TRACEr taxonomies. This was a result of the lack of information within the reports. 

In other words, there was not enough information to classify a PEM, thus the high rate of 

agreement can be attributed to the lack of a PEM classification. 

The information and performance shaping factor taxonomies were slightly 

modified from the original TRACEr taxonomies for helicopter operations and had low rates 

of agreement prior to reconciliation (17.54% and 17.23% prospectively). The low rate of 
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agreement could have been influenced by the modifications made to the taxonomies as well 

as the ability for analysts to select more than one classification for each error event. 

The detection and recovery methods had relatively high levels of agreement 

compared to the other taxonomies (55.44% and 60.00% prospectively). The high rate of 

agreement could be attributed to the lack of modifications made as well as to the low 

number of classification options allowed for each taxonomy. Detection and Recovery PSFs 

had extremely low rates of agreement (1.09% and 2.11% prospectively). 

SOAM also had a low rate of agreement; analysts agreed on 56.77% of 

classifications with aligned error events prior to reconciliation. The low rate of agreement 

was most likely attributable to the unique way the error events were presented. In other 

words, even if the topic of two aligned error events was the same, the way in which the 

error event was structured was likely different. The structural difference of aligned error 

events could have influenced the way in which the analyst classified their error event. 

5.4.3 Confidence Scores 

Analysts provided confidence scores for their classifications of each causal factor 

or error event. Confidence scores were given on a 5-point Likert scale from Not At All 

Confident to Very Confident. The confidence responses were then given a corresponding 

numeric confidence score from one to five, where Not At All Confident received a score 

of one and Very Confident received a score of five.  

To use a framework in Study 3 the average of all confidence scores for a given 

framework had to be greater than 3.75. HFACS was the only framework that had an 

average confidence score above 3.75. When looking at the average of confidence scores, 

SOAM was close to meeting the minimum selection criteria with an average confidence 

score of 3.7154. TRACer was well below the criteria, with an average confidence score of 

3.588, which was most likely lower than the other two frameworks because of the sheer 

number of classifications that needed to be made for each error event. 

Confidence score were also evaluated using the average of the average confidence 

score for reports. In this case, the numeric confidence scores provided by two analysts were 

averaged for each report, and then the average of the average scores was taken. HFACs 



184 

 

 

was again the only framework that exceeded the 3.75 confidence score criteria, with an 

average score of 4.1686. 

The Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks test 

further verified that analysts were most confidence using HFACS. 

One point of discussion regarding confidence scores is the analysts that evaluated 

each report. The analyst that used all three frameworks was likely to have the same 

confidence calibration for all three frameworks. The second analyst for all frameworks 

only used a single framework. While confidence was compared between frameworks, it 

must be noted that the calibration of the confidence responses was not necessarily the same 

for each analyst. 

5.4.4 Application Time 

The Related-Samples Friedman’s Two-Way Analysis of Variance by Ranks found 

a statistically significant difference in the application time depending on which framework 

was applied, χ2(2)=162.602, p < 0.0005. HFACS was found to take significantly less time 

to apply than TRACEr and SOAM using paired t-tests. 

SOAM took the longest amount of time to apply. This was at least partially 

influenced by the methodology that requires analysts to first read the report and identify 

error events within the SHEL table. The analysts must then reclassify error events into the 

SOAM table and connect the error events together. Both analysts that used SOAM had 

experienced some issued with the Visio document that was used to create SOAM. These 

difficulties could have increased the application time slightly, but it does not account for 

the greater than ten minutes difference in average application time between SOAM and 

HFACS. 

Similarly to SOAM, HFACS required that the analysts classify error events and 

then further classify each error event using ten different taxonomies. The difference in the 

number of taxonomies between HFACS and TRACEr easily explains why HFACS takes 

significantly less time to apply. 

While HFACS had the fastest application time, TRACEr and SOAM required a 

greater level of cognitive processing from the analysts. While HFACS required the analysts 

to read the synopsis and then classify the causal factors, TRACE and SOAM required that 
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analysts read the synopsis, think about what error events led to the accident, and why such 

error events occurred. 

5.4.5 Selecting a Framework for Study 3 

Table 15 compares the outcomes of HFACS, TRACEr, and SOAM against the four 

selection criteria that were established before the study was started. TRACEr did not meet 

the comprehensiveness, confidence, or application time criteria, but the framework did 

satisfy the minimum Cohen’s kappa allowed. SOAM met the comprehensiveness and 

reliability criteria, but did not meet the criteria for the average confidence score and took 

significantly more time to apply than HFACS or TRACEr. HFACS was the only 

framework that satisfied all selection criteria, thus HFACS was chosen to be used as the 

human error framework within Study 3. 
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Table 15. Summary of how each framework compared to the selection criteria for the framework to use in Study 3. 

 Comprehensiveness (> 70%) Reliability (κ > 0.60) Confidence (> 3.75) Application Time (p < 0.05) 

HFACS Criterion Met 

 

96.55% of reports had at least 

one classification 

Criterion Met 

 

κ = 0.97 

Criterion Met 

 

Average (Confidence 

Score) = 4.1688 

 

Average (Average 

Confidence Score per 

Report) = 4.1686 

Criterion Met 

 

HFACS took significantly less 

time to apply than TRACEr 

(t(113) = -9.851, p < 0.001) 

and SOAM (t(112) = -5.799, p 

< 0.001) 

TRACEr Criterion Not Met 

 

Over 90% of all reports had 

one of more classification in 

all taxonomies except for 

PEMs. 

 

60% of reports had one of 

more PEM classifications   

Criterion Met 

 

κ ≥ 0.92 for all 

taxonomies 

Criterion Not Met 

 

Average (Confidence 

Score) = 3.588 

 

Average (Average 

Confidence Score per 

Report) = 3.7182 

Criterion Not Met 

 

TRACEr took significantly 

more time to apply than 

HFACS, t(113) = -9.851, p < 

0.001. 

 

TRACEr took significantly less 

time to apply than SOAM, 

t(114) = -2.156, p = 0.033. 

SOAM Criterion Met 

 

100% of reports had at least 

one classification 

Criterion Met 

 

κ = 0.98 

Criterion Not Met 

 

Average (Confidence 

Score) = 3.7154 

 

Average (Average 

Confidence Score per 

Report) = 3.6480 

Criterion Not Met 

 

SOAM took significantly more 

time to apply than HFACS, 

t(112) = 5.799, p < 0.001. 

 

SOAM took significantly more 

time to apply than TRACEr, 

t(114) = 2.156, p = 0.033. 
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6 Study 3. Comprehensive Helicopter Accident Report Analysis 

 

6.1 Introduction 

Study 3 sought to determine what flight and pilot characteristics affect the 

likelihood of errors that lead to helicopter accidents. An accident report analysis study was 

performed that applied HFACS to a set of 691 United States civilian helicopter reports.  

A total of five analysts individually applied HFACS to 691 NTSB reports. One 

analyst applied HFACS to all 691 reports, while the 691 reports were split amongst the 

remaining four analysts so that at least two analysts classified each report. Analysts 

classified each causal factor identified by the NTSB and provided a confidence rating for 

their response.  

The HFACS classifications for the 691 reports were then reconciled by the analysts 

and compared to the coded flight and pilot characteristics for each report. Flight 

characteristics included mission type, phase of flight, meteorological conditions, and time 

of day. Pilot characteristics included pilot age, total flight hours, and flight hours on the 

make and model of aircraft. 

6.2 Methodology 

6.2.1 Research Design 

HFACS was determined to be the human error framework best suited for helicopter 

accident report analysis using the criteria established within Study 2; see Section 5.4 for 

details. Thus, HFACS was applied to 691 NTSB civilian United States helicopter accident 

reports in the follow-on accident report analysis.  

All analysts involved in the research, five in total, applied HFACS to a subset of 20 

reports to ensure that the analysts had a shared understanding of the classification scheme. 

The 20 reports were randomly selected from the 691 NTSB reports and then were  

randomly ordered within the remaining accident reports for each analyst. Fleiss’ Kappa 

was used to report the inter-rater reliability. 

One analyst coded all 691 accident reports. The remaining 671 reports were divided 

approximately equally among the other four analysts, each acting as a second coder for the 
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respective sets of reports. Inter-rater reliability was measured using Cohen’s Kappa for the 

set of reports of a given analyst pair.  

Analysts coded the accident reports independently from one another. Once all 

reports were coded by the analysts, the classifications were reconciled and a consensus was 

reached on any discrepancies within the original classifications provided.  

Once the classifications were agreed upon, the finalized error classification were 

aggregated with the flight and pilot characteristics from each report to determine what 

human errors occur across mission types and within specific mission types. Study 3 also 

used the aggregated data to look at the effect of pilot and flight characteristics on error 

types. 

6.2.2 Research Hypotheses 

The third study addresses Sub-Problem 3. The research questions (RQ) specified 

within Sub-Problem 3 were translated into research hypotheses. 

RQ 3.1  How do flight characteristics affect the types of error that result 

in accidents? 

This research question translated into the following five sets of hypotheses: 

NULL HYPOTHESIS (H0): Mission type does not create a significant 

effect for the classification of errors that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): Mission type does have a 

significant effect on the classification of errors that result in an accident. 

 

Mission types were classified as aerial observations, air tour, business, 

commercial, electronic news gathering, HAA, external load, firefighting, 

instruction/training, law enforcement, logging, offshore, personal/private, 

utilities/construction, and unknown as done by U.S. JHSAT (2011). 

 

NULL HYPOTHESIS (H0): Phase of flight does not have a significant 

effect on the classification of errors that result in an accident.  
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ALTERNATIVE HYPOTHESIS (H1): Phase of flight does have a 

significant effect on the classification of errors that result in an accident. 

 

Phase of flight was categorized as follows: landing, en route, maneuvering, 

hover, take-off, approach, standing, taxi, and unknown (U.S. JHSAT, 2011). 

 

NULL HYPOTHESIS (H0): The number of crew members does not have a 

significant effect for the classification of errors that result in a negative 

event.  

 

ALTERNATIVE HYPOTHESIS (H1): The number of crew members does 

have a significant effect on the classification of errors that result in a 

negative event. 

 

 

The number of crew members was determined by the number of pilots 

flying the helicopter. The number of crew members was either 1 or 2. 

 

NULL HYPOTHESIS (H0): The meteorological conditions (IMC or VMC) 

at the time of the event does not have a significant effect for the 

classification of errors that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): The meteorological conditions 

(IMC or VMC) at the time of the event does have a significant effect on the 

classification of errors that result in an accident. 

 

Meteorological conditions were classified as being either visual 

meteorological conditions (VMC ) or instrument meteorological conditions 

(IMC). 

 

NULL HYPOTHESIS (H0): Time of day (daylight hours or nighttime 

hours) does not have a significant effect for the classification of errors that 

result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): Time of day (daylight hours or 

nighttime hours) does have a significant effect on the classification of errors 

that result in an accident. 
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Time of day was categorized as day, night, dawn, or dusk based on the 

NTSB assessment. 

 

RQ 3.2  How do pilot characteristics affect the types of error that result in 

accidents? 

This research question led to four sets of hypotheses: 

NULL HYPOTHESIS (H0): Pilot age does not have a significant effect for 

the classification of errors that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): Pilot age does have a significant 

effect on the classification of errors that result in an accident. 

 

 

NULL HYPOTHESIS (H0): The total rotorcraft flight hours of the pilot-in-

command does not have a significant effect for the classification of errors 

that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): The total rotorcraft flight hours of 

the pilot-in-command does have a significant effect on the classification of 

errors that result in an accident. 

 

 

NULL HYPOTHESIS (H0): The total flight hours on the make and model 

of rotorcraft for the pilot-in-command does not have a significant effect for 

the classification of errors that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): The total flight hours on the make 

and model of rotorcraft for the pilot-in-command does have a significant 

effect on the classification of errors that result in an accident. 

 

 

NULL HYPOTHESIS (H0): Levels of pilot certifications does not create a 

significant effect for the classification of errors that result in an accident.  

 

ALTERNATIVE HYPOTHESIS (H1): Levels of pilot certifications does 

have a significant effect on the classification of errors that result in a 

negative event. 
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RQ 3.3  What interactions of flight characteristics (e.g. mission type, 

number of engines, phase of flight, etc.) and pilot characteristics (e.g. age, flight 

hours, flight hours within the make and model, certifications, etc.) affect the types 

of error that result in accidents? 

This research question was translated into one hypothesis: 

NULL HYPOTHESIS (H0): Interactions between flight characteristics and 

pilot characteristics do not create a significant effect in the types of errors 

that result in an accident. 

 

ALTERNATIVE HYPOTHESIS (H1): Interactions between flight 

characteristics and pilot characteristics do create a significant effect in the 

types of errors that result in an accident. 

 

6.2.3 Collection and Treatment of Data 

6.2.3.1 Report selection criteria 

Six hundred ninety-one accident reports were collected from the National 

Transportation Safety Board (NTSB) where pilots were identified as a cause or factor in a 

helicopter crash within the United States from 2008 to 2015 by accident investigators 

(Floyd, 2016). An example of an NTSB report for a helicopter accident is included in 

Appendix I.  

6.2.3.2 Analysis tool 

As was the case in the error framework comparison study (Study 2), all reports were 

organized in an MS Access database. The researcher and research assistants read all reports 

and entered critical information provided in each report into the table including mission 

type, condition of light, basic weather conditions, visibility levels, pilot-in-command (PIC) 

age, PIC certifications and ratings, PIC flight hour history, and the number of fatalities or 

injuries caused by the accident.  

The reports assigned to each analyst were included in a separate MS Access table. 

The analyst interacted with each assigned accident report using an MS Access form, shown 

in Figure 50, that included the narrative, synopsis, occurrences, and findings included 
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within the report. Fields were provided in the form for the analyst to document the causal 

factor and the corresponding classification. Analysts provided their confidence rating in 

their classification using the “Confidence” dropdown box. 

 

Figure 50. Example of the MS Access Form for Study 3 

6.2.3.3 Participants 

Five participants served as analysts for this study. All analysts had at least one year 

of human factors experience and completed at least two human factors courses. Four of the 

five analysts were pursuing graduate degrees in engineering at the time of the study. Three 

participants had already graduated with a masters’ degree in engineering at the time of the 

study. Two analysts had prior experience applying HFACS. 

6.2.3.4 Training 

Prior to coding accident reports, each analyst was trained on HFACS. A training 

packet was provided to all analysts to review one week prior to a sit-down training session. 

The training packet included a detailed overview of the framework written by the original 
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author (in the form of a book chapter20), a recent journal article that applied the framework, 

a summary of the framework that detailed the process and an example, as well as 

instructions on how to use the Microsoft Access database and form. 

After thoroughly reviewing the training packet, analysts attended a training session 

that provided an overview of the framework. During the one hour training session, the 

analysts watched videos that described helicopter operations including autorotation 

procedures, reviewed classification definitions, and coded three NTSB practice reports 

together in order to ensure there was a shared understanding of the frameworks. To further 

ensure that all analysts had a common understanding of the classifications, two practice 

NTSB reports were analyzed separately and then compared.   

6.2.3.5 Application of the analysis tool 

Analysts read and coded each report in their assigned set independently of the other 

analysts. To reduce bias, the presentation order of the reports was randomized for each 

analyst.  

When coding an accident report the analyst read the synopsis, narrative, 

occurrences, and findings of the NTSB report within the MS Access form shown in Figure 

50. The analyst copied and pasted the appropriate causal factor within the “Explain” 

textbox. The analyst then specified the level 1 classification for the causal factor; Level 1 

classification options included Unsafe Acts, Preconditions for Unsafe Acts, Unsafe 

Supervision, and Organizational Influence. The Level 2 and Level 3 classifications were 

then specified; the corresponding sub-classifications for Level 1 can be found in Figure 13. 

The analyst then provided a confidence score for their classification before proceeding onto 

the next NTSB finding for the accident report. Confidence classifications could be one of 

the following: Not at all Confident, Not Confident, Neither Confident Nor Not Confident, 

Confident, and Very Confident. 

                                                 

20 Training material included Chapter 3 – The Human Factors Analysis Classification 

System (HFACS) from the following source: Wiegmann, D. A., & Shappell, S. A. (2003). 

A Human Error Approach to Aviation Accident Analysis. Burlington: Ashgate. 
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Once all NTSB findings were classified for a given report, the analyst recorded the 

end time for that report and moved onto the next accident report. 

6.2.3.6 Classification Reconciliation 

After all analysts completed classifying their report sets, the researcher compiled 

the classifications of the analysts. An Excel spreadsheet was created to match the 

classifications of causal factors between the analysts. Any discrepancies between the 

classifications were noted. 

The analysts then met with each other to reconcile any discrepancies. Both analysts 

presented their logic for each discrepancy noted and, in most cases, a consensus was 

reached. The agreed upon changes were made to the document and any classifications in 

which a consensus was not reached were documented. When presenting the findings of 

each framework (i.e., the tally of classifications) only those where both analysts agreed or 

reached a consensus were included. Classifications where a consensus was not reached 

were noted, but not included within the tally of classifications. 

6.2.4 Statistical analysis 

Chi-square tests and odds ratios were used to determine if mission type, phase of 

flight, task, crew composition, weather, terrain, visibility, or time of day influenced the 

likelihood of an accident. Logistic regression tests were used to determine if pilot age, total 

flight hours, flight hours on the make and model of rotorcraft, and classifications influence 

the likelihood of specific errors occurring. Multivariate logistic regression and odds ratios 

were used to determine what flight and personal characteristics affected the type of error 

that led to an accident. Odds ratios are used to determine the likelihood of an outcome (i.e., 

a particular HFACS classification) given the exposure of one characteristic (e.g., a 

particular mission type, phase of flight, etc.) compared to a different characteristic 

(Szumilas, 2010). 

Fleiss’ Kappa was used to calculation the inter-rater reliability of the five raters on 

the subset of 20 reports that all analysts classified. Cohen’s Kappa was calculated to verify 

the reliability of the study within the sets of reports that were coded by only two analysts. 

A Kappa (Cohen’s or Fleiss’) value greater than 0.60 indicates an acceptable level of inter-

rater reliability. 
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6.2.5 Methodological Issues 

6.2.5.1 Reliability 

To ensure that the results of the study were reliable, five analysts coded a subset of 

20 reports and Fleiss’ Kappa was calculated. Cohen’s Kappas were calculated for the sets 

of reports coded by two analysts.  

Additionally, in effort to increase reliability, all analysts completed the same 

training for HFACS. A standardized process of analyzing data using the analysis form was 

used. 

6.2.5.2 Validity 

Efforts to increase validity included the application and evaluation of the 

framework during the comparative study. Within the aviation domain, use of NTSB 

accident reports are accepted as a valid way to identify errors that result in accidents as 

detailed in Chapter 2 section 2.5. 

6.2.5.3 Replicability 

All reports are publicly accessible and the report numbers are provided in Appendix 

S. Details regarding training and analysis tools can be found in Appendix T. 

6.2.5.4 Bias 

To minimize bias within coding, one analyst coded all 691 reports, while the 691 

reports were split amongst multiple analysts who acted as second raters. Additionally, the 

order in which analysts were presented reports was randomized to reduce any bias created 

by a learning effect.  Finally, analysts coded the reports separately to ensure one analyst 

did not bias another.  

6.2.5.5 Representativeness 

Within this study all helicopter accidents documented in the NTSB accident 

database from 2008 through 2015 where pilot error or human factors were identified as a 

primary or contributing causal factor were analyzed.  Using the complete set of accident 

reports allowed for greater representation of the helicopter industry within the United 

States. The period from 2008 to 2015 provided sufficient data to allow for findings, but 

limits differences that would be caused by large changes in technology and regulation that 

may occur if a twenty or more year period were to be analyzed. 
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It is important to note that the collection of reports is only representative of 

helicopter operations within the United States. The results may not be representative of 

helicopter operations in other countries due to differing regulations and policies as well as 

the breakdown of mission types performed.  

6.2.6 Research Constraints 

Findings are limited to the United States between 2008 and 2015. The research 

findings may not be transferable to other countries since each country establishes their own 

regulations. The findings reported may also change in the future as regulations and 

technology shift. 

6.3 Results 

6.3.1 Inter-rater Reliability 

Table 16 shows the initial and final percent agreement and Kappa values for each 

rater. Percent agreement ranged from 70.61% to 78.36% before reconciliation, with all but 

one Cohen’s Kappa value equal to or greater than 0.60. Agreement was reached on all 

classifications after reconciliation. 

Table 16. Percent agreement and Kappa values before and after reconciliation. 

 Before Reconciliation After Reconciliation 

Percent 

Agreement 

Kappa Value Percent 

Agreement 

Kappa Value 

All Analysts 

(n=20) 

N/A κ = 0.55 100% κ = 1.00 

Analyst 1 & Analyst 2 

(n = 208) 

78.36% κ = 0.70 100% κ = 1.00 

Analyst 1 & Analyst 3 

(n = 208) 

72.47% κ = 0.57 100% κ = 1.00 

Analyst 1 & Analyst 4 

(n = 208) 

76.64% κ = 0.66 100% κ = 1.00 

Analyst 1 & Analyst 5 

(n = 207) 

70.61% κ = 0.60 100% κ = 1.00 

 

6.3.2 HFACS Classifications 

Two thousand one hundred seventy-three causal factors were identified from the 

set of 691 reports. A summary of the HFACS classifications for the 2,173 causal factors is 

shown in Table 17. Thirty causal factors were not classified using HFACS because they 



197 

 

 

did not fit within a classification category or they represented an outcome of the accident 

rather than a causal factor (such as the subsequent tail rotor damage caused by ground 

impact).  

One thousand one hundred fifteen of the 2,173 classifications presented in Table 

17 had the same HFACS classification as another causal factor within the given accident 

report. While some of these classifications represented different error occurrences, others 

referenced the same error occurrence. Effort was made to reduce redundant causal factors 

while still keeping causal factors that received the same HFACS classification, but 

referenced different error occurrences. Only obvious redundant causal factors were 

removed (such as when an aircraft causal factor presents the same information included 

within a personnel causal factor). 

One hundred seventy-five classifications were removed for aircraft causal factors 

related to the aircraft parameters not being attained or maintained when the classification 

was the same as the classification for the causal factor of “Personnel issues-Task 

performance-Use of equip/info-Aircraft control”. Six classifications were removed for 

aircraft causal factors related to the use of equipment when the classification was the same 

as the classification for the causal factor of “Personnel issues-Task performance-Use of 

equip/info-Use of equip/system”.  
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Table 17. Summary of the HFACS classifications for 2,173 causal factors identified in a 

set of 691 helicopter accident reports. 

HFACS Classification Count 
(N=2,173) 

Percent 
(%) 

Unsafe Acts   

Errors   

Decision Errors 321 14.77% 

Skill-Based Errors 1011 46.53% 

Perceptual Errors 57 2.62% 

Violations   

Routine Violations 11 0.51% 

Exceptional Violations 16 0.74% 

Preconditions for Unsafe Acts   

Environmental Factors   

Technological Environment 71 3.27% 

Physical Environment 432 19.88% 

Condition of Operators   

Adverse Mental State 40 1.84% 

Adverse Physiological State 31 1.43% 

Physical/Mental Limitations 30 1.38% 

Personnel Factors   

Crew Resource Management 13 0.60% 

Personal Readiness 7 0.32% 

Unsafe Supervision   

Inadequate Supervision 45 2.07% 

Planned Inappropriate Operations 3 0.14% 

Failed to Correct Known Problems 0 0.00% 

Supervisory Violation 9 0.41% 

Organizational Influences   

Resource Management 14 0.64% 

Organizational Climate 4 0.18% 

Organizational Process 28 1.29% 

Not Classified 30 1.38% 

Total 2,173 100% 

 

  



199 

 

 

After removing the causal factors that met the above criteria, there were a total of 

1,991 HFACS causal factors that remained, shown in Table 18, with 780 causal factors that 

had the same HFACS classification as another causal factor in the same report. Some of 

the classifications that show up multiple times within an accident clearly represent different 

contributors to the accident, for example, many reports have multiple ‘Physical 

Environment’ classifications. Some such classifications may address wind while others 

address terrain or visibility within a single report. Other reports may have multiple 

instances of the same classification that could refer to the same error occurrence; however 

it is difficult to determine based solely on the causal factor description. This is particularly 

the case for skill-based and decision error classifications.  In such cases, the repeated 

classifications have been kept since removal of causal factors may inadvertently remove 

the representation of different error occurrences. By leaving the repeated classifications 

there is a risk that skill-based and decision errors appear much more frequently than is 

actually the case. If all repeated classifications were to be removed, there is a risk of 

underestimating the occurrence of such classifications. This is particularly troublesome 

since multiple skill-based errors can occur within a single accident since skill-based errors 

range from omitted checklist items, to failure to monitor instruments and the environment, 

to the selection of the wrong control. 
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Table 18. Summary of the HFACS classifications for 1,991 causal factors identified in a 

set of 691 helicopter accident reports after 181 redundant causal factors were removed. 

HFACS Classification 
Count 

(N=1,991) 

Percent 

(%) 

Unsafe Acts   

Errors   

Decision Errors 320 16.07% 

Skill-Based Errors 832 41.79% 

Perceptual Errors 55 2.76% 

Violations   

Routine Violations 11 0.55% 

Exceptional Violations 16 0.80% 

Preconditions for Unsafe Acts   

Environmental Factors   

Technological Environment 71 3.57% 

Physical Environment 432 21.70% 

Condition of Operators   

Adverse Mental State 40 2.01% 

Adverse Physiological State 31 1.56% 

Physical/Mental Limitations 30 1.51% 

Personnel Factors   

Crew Resource Management 13 0.65% 

Personal Readiness 7 0.35% 

Unsafe Supervision   

Inadequate Supervision 45 2.26% 

Planned Inappropriate Operations 3 0.15% 

Failed to Correct Known Problems 0 0.00% 

Supervisory Violation 9 0.45% 

Organizational Influences   

Resource Management 14 0.70% 

Organizational Climate 4 0.20% 

Organizational Process 28 1.41% 

Not Classified 30 1.51% 

Total 1,991 100% 
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6.3.2.1 Unsafe Acts 

Nearly 62% of HFACS classifications were Unsafe Acts. Nearly all of the Unsafe 

Acts classifications were further classified as Errors. Descriptions of each HFACS 

classification can be found in Section 2.4.6.1. Skill-based Errors accounted for 832  

classifications (41.79% of HFACS classifications) and were found in 589 of the 691 reports 

(85.24%). Two hundred sixty-one, 31.37%, of Skill-based Error classifications were 

related to the pilots use of equipment in controlling the aircraft. Another 31.37% of Skill-

Based Error classifications were tied to causal factors of the pilot exceeding the 

performance capabilities of the aircraft. Sixty-two, 10.53%, of the Skill-Based Error 

classifications were attributed to a causal factor regarding insufficient monitoring of the 

environment. 

Two hundred eighty-two reports (40.8%) had at least one decision error 

classification. Three hundred twenty Decision Errors were classified, representing 16.07% 

of HFACS classifications. Of the 320 Decision Errors, 21.88% of the classifications were 

related to decision making and judgment and 21.56% were related to delayed action, 

normally by flight instructors taking control of the helicopter from their student pilots. 

Nearly 19% of the Decision Error classifications were related to incorrect action 

performance, 3.12% were related to lack of action, and 2.5% were related to incorrect 

action sequence; all of which are procedural decision errors. Twenty-eight (8.75%) of the 

Decision Errors occurred during planning and preparation with regards to fuel, weight / 

balance, and performance calculations. 

A total of 55 Perceptual Errors were classified and were found within 47, 6.80%, 

of the 691 reports had at least one Perceptual Error classification. In order for a perceptual 

error to be classified, the pilot’s sensory inputs had to have been degraded (which would 

be captured within a different classification). Thirty percent of the Perceptual Error 

classifications were related to aircraft parameters not being attained or maintained due to 

degraded sensory inputs. Twenty percent of the classifications were related to the pilot’s 

inability to control the aircraft. Seven of the 55 Perceptual Error classifications were related 

to inadequate identification and recognition. 
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Violations accounted for only 1.36% of HFACS classifications. Eleven reports had 

one routine violation while sixteen reports had one exceptional violation classification. 

Three of the 16 Exceptional Violation classifications were related to the use of policies and 

procedures. One such example of an exceptional violation can be found in accident number 

ERA14LA269 when the pilot decided to continue en route when the master caution 

warning light first illuminated. 

6.3.2.2 Preconditions for Unsafe Acts 

Nearly a third of all HFACS classifications were Preconditions for Unsafe Acts. 

The majority of Precondition for Unsafe Acts classifications were further classified as 

Physical Environment. Four hundred thirty-two Physical Environment classifications were 

found overall and were present in 318 reports. Wind, including gusts, tailwind, updrafts, 

and downdrafts, were responsible for 19.21% of Physical Environment classifications. 

Fifteen percent of Physical Environment classifications were related to wires. Thirty-six  

such classifications were related to flat light or glare. Dark conditions contributed to 

twenty-four Physical Environment classifications. 

Sixty-four reports had one or more Technological Environment classifications. 

Technological Environment classifications were most commonly associated with damaged 

or degraded systems, failures and malfunctions of systems, and incorrect maintenance. 

Approximately five percent of HFACS classifications were related to the Condition 

of the Operator. There were 41 Adverse Mental State classifications within 39 reports. 

Forty-one percent of Adverse Mental State classifications were related to attention while 

four classifications were related to loss of situational awareness. Vigilance was responsible 

for 17.07% of Adverse Mental State classifications while fatigue was responsible for 

14.63% of the classifications. 

Thirty-one Adverse Physiological State classifications were made in 29 reports. 

Forty-eight percent of Adverse Physiological State classifications were related to the side 

effects of over-the-counter or prescribed medications; Benadryl was most commonly the 

medication used. Six of the 31 classifications were related to spatial disorientation from 

low visibility conditions. 
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Thirty classifications were made for Physical / Mental Limitations within 29 

reports. Eighty-three percent of the Physical / Mental Limitation classifications were 

related to the pilot’s inadequate experience for the complexity of the situation. 

One percent of HFACS classifications fell within Personnel Factors. Thirteen Crew 

Resource Management classifications were made from 11 reports. Eight of the thirteen 

classifications were related to the accuracy of the communication or the lack of 

communication. Two of the seven Personal Readiness classifications were related to lack 

of sleep; an additional two classifications were related to the pilot’s total experience with 

the equipment. 

6.3.2.3 Unsafe Supervision 

Less than three percent of HFACS classifications were related to Unsafe 

Supervision. Inadequate Supervision received 45 classifications in 44 reports. Ninety-one 

percent of Inadequate Supervision classifications were related to acts (or failed acts) by a 

flight instructor, while the remaining classifications were related to operator’s failure to 

provide information or policies. Twenty-seven of the 45 Inadequate Supervision 

classifications (60.00%) were given for instances when a flight instructor inadequately 

monitored the pilot under instruction or the task the student was performing. 

Three reports each received one Planned Inappropriate Operations classification. 

One instance was related to a flight instructor’s lack of familiarity with a training 

helicopter, one was related to a pilot’s fatigue due to their work schedule, and the last 

instance was related to poor decision making by management. 

Nine Supervisory Violation classifications were made from seven reports. Four of 

the nine classifications were related to the flight instructor violating standard operating 

procedures during training. 

6.3.2.4 Organizational Influences 

Fourteen Resource Management classifications were made within 13 reports. Four 

of the Resource Management classifications were related to documentation 

created/provided by the manufacturer or the manufacturer’s handling of known design 

flaws. Three of the Resource Management classifications were regarding operator’s 

insufficient training programs. 
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Four reports each contained one Organizational Climate classification. Two of the 

Organizational Climate classifications regarded poor safety culture while one referenced 

inadequate standard operating procedures. 

Twenty-eight Organizational Process classifications were made from 23 reports. 

Forty-six percent of Organizational Process classifications were related to the operator, 

while 25% of the classifications were related to the Federal Aviation Administration. 

Common themes amongst the Organizational Process classifications included inadequate 

oversight by the FAA and the operator, lack of available policies and procedures, as well 

as the adequacy of policies and procedures. 
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6.3.3 HFACS Classifications and Flight Characteristics 

6.3.3.1 Mission Type 

Table 19 shows the breakdown of 691 accident reports by mission type. Personal / 

Private flights accounted for the greatest number of accidents, 25.5%. Instructional / 

Training flights accounted for 24.9 % of the accident reports analyzed. Aerial Application 

flights represented 13.6% of the reports analyzed and most commonly referenced spaying 

or drying operations. Aerial Observation, Business, and Commercial flights each 

accounted for just over six percent of the accident report set.  While it can be assumed that 

some missions require riskier tasks, the likelihood of an accident based on mission type 

cannot be assessed since total flight hours for each mission type are not documented. 

 

Table 19. Breakdown of 691 accident reports by mission type. 

Mission Type Count 

(N=691) 

Percent 

(%) 

Personal / Private 176 25.50% 

Instructional / Training 172 24.90% 

Aerial Application 94 13.60% 

Aerial Observation 48 6.90% 

Business 45 6.50% 

Commercial 43 6.20% 

Emergency Medical Services 38 5.50% 

External Load 22 3.20% 

Law Enforcement 15 2.20% 

Air Tour/Sightseeing 12 1.70% 

Offshore 8 1.20% 

Firefighting 6 0.90% 

Utilities Patrol / Construction 6 0.90% 

Not Provided 5 0.70% 

Logging 1 0.10% 
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6.3.3.1.1 Aerial Application Accidents 

The breakdown of observed HFACS classifications found in aerial application 

accident reports is provided in  

Table 20. A chi-square test found that HFACS classifications did not occur with 

equal probabilities (χ2(14, N=254) = 980.252, p < 0.001). Skill-based errors were the most 

common classification within aerial applications followed by classifications of physical 

environment.  Aerial application accidents were commonly associated with wire or ground 

strikes, skill-based errors were commonly associated with monitoring the environment and 

controlling the aircraft. Physical environment classifications were commonly related to 

wires, trees, wind, and the proximity to the ground / terrain. 

Table 20. Breakdown of HFACS classifications found within aerial application accident 

reports 

HFACS Classification Frequency 

(N=254) 

Percent 

(%) 

Skill-Based Errors 129 50.80% 

Physical Environment 59 23.20% 

Decision Errors 21 8.30% 

Adverse Mental State 13 5.10% 

Technological Environment 10 3.90% 

Organizational Process 5 2.00% 

Perceptual Errors 4 1.60% 

Crew Resource Management 3 1.20% 

Physical/Mental Limitations 3 1.20% 

Resource Management 2 0.80% 

Classification Not Provided 1 0.40% 

Adverse Physiological State 1 0.40% 

Personal Readiness 1 0.40% 

Planned Inappropriate Operations 1 0.40% 

Routine 1 0.40% 
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6.3.3.1.2 Aerial Observation Accidents 

The breakdown of observed HFACS classifications in aerial observation accidents 

is shown in Table 21. A chi-square test found that HFACS classifications did not occur 

with equal probabilities (χ2(12, N=143) = 362.545, p < 0.001). As was the case in aerial 

application accidents, skill-based errors were the most common classification within aerial 

observation accident reports followed by classifications of physical environment.   

 

Table 21. Breakdown of HFACS classifications found within aerial observation accident 

reports 

HFACS Classification Frequency 

(N=143) 

Percent 

(%) 

Skill-Based Errors 60 42.00% 

Physical Environment 38 26.60% 

Decision Errors 21 14.70% 

Technological Environment 5 3.50% 

Adverse Mental State 4 2.80% 

Classification Not Provided 3 2.10% 

Adverse Physiological State 3 2.10% 

Perceptual Errors 3 2.10% 

Physical/Mental Limitations 2 1.40% 

Exceptional 1 0.70% 

Organizational Climate 1 0.70% 

Organizational Process 1 0.70% 

Routine Violations 1 0.70% 
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6.3.3.1.3 Air Tour / Sightseeing Accidents 

The distribution of HFACS classifications in air tour / sightseeing accident reports 

is provided in Table 22. A chi-square test found that HFACS classifications did not occur 

with equal probabilities (χ2(7, N=37) = 33.703, p < 0.001). Again, skill-based errors were 

the most common classification followed by classifications of physical environment.   

Table 22. Breakdown of HFACS classifications found within air tour / sightseeing 

accident reports 

HFACS Classification Frequency 

(N=37) 

Percent 

(%) 

Skill-Based Errors 14 37.80% 

Physical Environment 9 24.30% 

Decision Errors 6 16.20% 

Classification Not Provided 2 5.40% 

Organizational Process 2 5.40% 

Perceptual Errors 2 5.40% 

Routine 1 2.70% 

Technological Environment 1 2.70% 
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Business Accidents 

Table 23 shows the breakdown of HFACS classifications in business accident 

reports. A chi-square test found that HFACS classifications did not occur with equal 

probabilities (χ2(10, N=124) = 269.161, p < 0.001). Skill-based errors and physical 

environment were the most common classifications in accident reports with a mission type 

of business.   

Table 23. Breakdown of HFACS classifications found in business accident reports 

HFACS Classification Frequency 

(N=124) 

Percent 

(%) 

 Skill-Based Errors 56 45.20% 

Physical Environment 32 25.80% 

Decision Errors 14 11.30% 

Technological Environment 5 4.00% 

Adverse Physiological State 4 3.20% 

Perceptual Errors 4 3.20% 

Exceptional 3 2.40% 

Classification Not Provided 2 1.60% 

Crew Resource Management 2 1.60% 

Inadequate Supervision 1 0.80% 

Organizational Process 1 0.80% 
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6.3.3.1.4 Commercial Accidents 

The distribution of HFACS classifications in commercial accident reports is 

provided in Table 24. A chi-square test found that HFACS classifications did not occur 

with equal probabilities (χ2(10, N=128) = 213.000, p < 0.001). Again, skill-based errors 

were the most common classification followed by classifications of physical environment.   

 

Table 24. Breakdown of HFACS classifications found in commercial accident reports 

HFACS Classification Frequency 

(N = 128) 

Percent 

(%) 

 Skill-Based Errors 48 37.50% 

Physical Environment 35 27.30% 

Decision Errors 17 13.30% 

Perceptual Errors 9 7.00% 

Technological Environment 6 4.70% 

Adverse Mental State 3 2.30% 

Adverse Physiological State 3 2.30% 

Organizational Process 3 2.30% 

Resource Management 2 1.60% 

Classification Not Provided 1 0.80% 

Organizational Climate 1 0.80% 
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6.3.3.1.5 Helicopter Air Ambulance Accidents 

Table 25 shows the breakdown of HFACS classifications in HAA accident reports. 

A one-sample chi-square test found that HFACS classifications did not occur with equal 

probabilities (χ2(15, N=142) = 181.606, p < 0.001). Physical environment accounted for 

the greatest number of classifications followed by skill-based errors. Physical environment 

classifications likely accounted for a greater number of classifications than in the previous 

mission types since the nature of the mission type requires pilots to fly at night and, on 

occasion, through mountainous terrain. 

 

Table 25. Breakdown of HFACS classifications found in helicopter air ambulance 

accident reports 

HFACS Classification Frequency

(N=142) 

Percent 

(%) 

 Physical Environment 32 22.50% 

Skill-Based Errors 29 20.40% 

Decision Errors 26 18.30% 

Perceptual Errors 10 7.00% 

Adverse Mental State 8 5.60% 

Adverse Physiological State 7 4.90% 

Organizational Process 6 4.20% 

Classification Not Provided 5 3.50% 

Physical/Mental Limitations 4 2.80% 

Technological Environment 4 2.80% 

Exceptional Violation 3 2.10% 

Resource Management 3 2.10% 

Routine Violation 2 1.40% 

Inadequate Supervision 1 0.70% 

Personal Readiness 1 0.70% 

Supervisory Violation 1 0.70% 
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6.3.3.1.6 External Load Accidents 

The distribution of HFACS classifications in external load accident reports is 

provided in Table 26. A chi-square test found that HFACS classifications did not occur 

with equal probabilities (χ2(8, N=72) = 90.250, p < 0.001). Again, skill-based errors were 

the most common classification in external load accidents. Decision error and physical 

environment classifications each accounted for 19.4% of total classifications for external 

load accidents.  

 

Table 26. Breakdown of HFACS classifications found in external load accident reports 

HFACS Classification Frequency 

(N = 72) 

Percent 

(%) 

 Skill-Based Errors 29 40.30% 

Decision Errors 14 19.40% 

Physical Environment 14 19.40% 

Technological Environment 7 9.70% 

Organizational Process 3 4.20% 

Classification Not Provided 2 2.80% 

Exceptional Violation 1 1.40% 

Inadequate Supervision 1 1.40% 

Planned Inappropriate Operations 1 1.40% 
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6.3.3.1.7 Firefighting Accidents 

The distribution of HFACS classifications in firefighting accident reports is 

provided in Table 27. A chi-square test was performed to determine if the HFACS 

classifications occurred with equal probabilities. The null hypothesis that HFACS 

classifications occurred with equal probabilities in firefighting missions was supported 

(χ2(9, N=29) = 13.414, p = 0.145). Again, skill-based errors were the most common 

classification in firefighting accidents. Decision error and physical environment 

classifications each accounted for 13.8% of total classifications for external load accidents.  

 

Table 27. Breakdown of HFACS classifications found in firefighting accident reports 

HFACS Classification Frequency 

(N = 29) 

Percent 

(%) 

Skill-Based Errors 8 27.60% 

Decision Errors 4 13.80% 

Physical Environment 4 13.80% 

Supervisory Violation 3 10.30% 

Adverse Mental State 2 6.90% 

Organizational Process 2 6.90% 

Perceptual Errors 2 6.90% 

Technological Environment 2 6.90% 

Organizational Climate 1 3.40% 

Resource Management 1 3.40% 
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6.3.3.1.8 Instructional / Training Accidents 

Table 28 shows the breakdown of HFACS classifications in instructional / training 

accident reports. A one-sample chi-square test found that HFACS classifications did not 

significantly different probabilities of occurring (χ2(14, N=464) = 1557.897, p < 0.001). 

Skill-based errors accounted for the greatest number of classifications followed by decision 

errors. The presence of decision errors was likely associated with delayed intervention on 

the part of flight instructors. 

 

Table 28. Breakdown of HFACS classifications found in instructional / training accident 

reports 

HFACS Classification Frequency 

(N = 464) 

Percent 

(%) 

 Skill-Based Errors 212 45.70% 

Decision Errors 112 24.10% 

Physical Environment 56 12.10% 

Inadequate Supervision 41 8.80% 

Physical/Mental Limitations 9 1.90% 

Classification Not Provided 7 1.50% 

Crew Resource Management 6 1.30% 

Supervisory Violation 5 1.10% 

Technological Environment 5 1.10% 

Perceptual Errors 3 0.60% 

Adverse Physiological State 2 0.40% 

Personal Readiness 2 0.40% 

Resource Management 2 0.40% 

Exceptional Violation 1 0.20% 

Planned Inappropriate Operations 1 0.20% 
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6.3.3.1.9  Law Enforcement Accidents 

Table 29 shows the breakdown of HFACS classifications in law enforcement 

helicopter accident reports. A one-sample chi-square test found a significant difference in 

the probabilities of HFACS classifications (χ2(12, N=51) = 91.490, p < 0.001). Skill-based 

errors accounted for the greatest number of classifications followed by decision errors.  

 

Table 29. Breakdown of HFACS classifications found in law enforcement accident 

reports 

HFACS Classification Frequency 

(N = 51) 

Percent 

(%) 

 Skill-Based Errors 20 39.20% 

Decision Errors 9 17.60% 

Physical Environment 7 13.70% 

Adverse Mental State 3 5.90% 

Organizational Process 3 5.90% 

Resource Management 2 3.90% 

Classification Not Provided 1 2.00% 

Adverse Physiological State 1 2.00% 

Crew Resource Management 1 2.00% 

Organizational Climate 1 2.00% 

Perceptual Errors 1 2.00% 

Physical/Mental Limitations 1 2.00% 

Technological Environment 1 2.00% 

 

6.3.3.1.10 Logging Accidents 

Shown in Table 30, the single logging accident report had two skill-based error 

classifications. 

 

Table 30. Breakdown of HFACS classifications found in logging accident reports 

HFACS Classification Frequency 

(N = 2) 

Percent 

(%) 

Skill-Based Errors 2 100.0% 
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Offshore Accidents 

Table 31 shows the breakdown of HFACS classifications in offshore helicopter 

accident reports. Skill-based error and physical environment classifications each account 

for 25.0% of total classifications. 

 

Table 31. Breakdown of HFACS classifications found in offshore helicopter accident 

reports 

HFACS Classification Frequency 

(N = 24) 

Percent 

(%) 

Physical Environment 6 25.00% 

Skill-Based Errors 6 25.00% 

Technological Environment 4 16.70% 

Decision Errors 2 8.30% 

Organizational Process 2 8.30% 

Adverse Mental State 1 4.20% 

Exceptional Violation 1 4.20% 

Perceptual Errors 1 4.20% 

Resource Management 1 4.20% 
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Personal / Private Accidents 

Table 32 shows the breakdown of HFACS classifications in personal / private 

helicopter accident reports. A one-sample chi-square test found a significant difference in 

the probabilities of HFACS classifications in personal / private accidents (χ2(13, N=494) = 

1357.061, p < 0.001). Skill-based errors accounted for the greatest number of 

classifications followed by classifications for physical environment.  

 

Table 32. Breakdown of HFACS classifications found in personal / private accident 

reports 

HFACS Classification Frequency 

(N = 494) 

Percent 

(%) 

 Skill-Based Errors 205 41.50% 

Physical Environment 130 26.30% 

Decision Errors 73 14.80% 

Technological Environment 21 4.30% 

Perceptual Errors 16 3.20% 

Physical/Mental Limitations 11 2.20% 

Adverse Physiological State 10 2.00% 

Classification Not Provided 6 1.20% 

Exceptional Violation 6 1.20% 

Routine Violation 6 1.20% 

Adverse Mental State 5 1.00% 

Personal Readiness 3 0.60% 

Inadequate Supervision 1 0.20% 

Resource Management 1 0.20% 
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6.3.3.1.11 Utilities Patrol / Construction Accidents 

The distribution of HFACS classifications in utilities patrol / construction 

helicopter accident reports is provided in Table 33. Skill-based error and physical 

environment classifications each accounted for 43.8% of total classifications. 

 

Table 33. Breakdown of HFACS classifications found in utilities patrol / construction 

accident reports 

HFACS Classification Frequency 

(N = 16) 

Percent 

(%) 

Physical Environment 7 43.80% 

Skill-Based Errors 7 43.80% 

Adverse Mental State 1 6.30% 

Crew Resource Management 1 6.30% 

 

6.3.3.1.12 Comparison of HFACS Classifications Between Mission Types 

A statistical test comparing all combinations of mission types and HFACS 

classifications could not be calculated to determine if some mission types were more likely 

to experience certain classifications than others since the sheer number of combinations 

caused many expected frequencies to be less than five, violating a pre-condition of the chi-

square test. However, comparisons between the likelihood of specific HFACS 

classifications between paired mission types were made using odds ratios. Odds ratios were 

used to determine if one mission was more likely than another mission type to have one or 

more of a particular HFACS classification. Odds ratios were not calculated when mission 

types had no occurrences of a particular HFACS classification. The odds ratios and p values 

for the odds ratios are provided within Appendix U. 

6.3.3.1.12.1 Skill-Based Errors 

Aerial application accident reports were significantly more likely to have one of 

more skill-based error classification than commercial helicopter accident reports (odds 

ratio = 3.695, p = 0.010) and HAA accident reports (odds ratio = 7.818, p < 0.001). Aerial 

observation accidents were 409% more likely to have one or more skill-based errors than 

HAA accidents (odds ratio = 5.091, p = 0.003). For reference, an odds ratio represents the 

likelihood of an outcome given exposure to one variable over a different variable. When 
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the odds ratio is presented, in this case equal to 5.091, the percent increase of the likelihood 

of an outcome is odds ratio minus one, then put into percent form, in this case 409.1%. 

Accidents that occurred while conducting business operations were also more likely 

to have one or more skill-based errors than HAA accidents (odds ratio = 2.909, p = 0.032). 

HAA accidents also had significantly fewer skill-based errors than external load accidents 

(odds ratio = 0.065, p = 0.011), instructional / training accidents (odds ratio = 0.141, p < 

0.001), and personal / private accidents (odds ratio = 0.260, p = 0.001). Accident reports 

for commercial operations were significantly less likely to have one or more skill-based 

error classifications than instructional / training accident reports (odds ratio = 0.298, p = 

0.006). 

6.3.3.1.12.2 Decision Errors 

Aerial application accidents were significantly less likely to include one or more 

decision error classifications than aerial observation accidents (odds ratio = 0.450, p = 

0.041), commercial accidents (odds ratio = 0.413, p = 0.028), HAA accidents (odds ratio 

= 0.270, p = 0.001), and external load accidents (odds ratio = 0.225, p = 0.003). Aerial 

application accidents were also less likely to include decision error classifications than 

instructional / training accidents (odds ratio = 0.181, p < 0.001), law enforcement accidents 

(odds ratio = 0.309, p = 0.041), and accidents for personal / private flight (odds ratio = 

0.485, p = 0.015). Accident reports for business operations were significantly less likely to 

have one or more decision errors than HAA accidents (odds ratio = 0.364, p = 0.031), 

external load accidents (odds ratio = 0.303, p = 0.028), and instructional / training accidents 

(odds ratio = 0.244, p < 0.001).  Accidents for commercial operations were significantly 

less likely to include one or more decision errors than instructional / training accidents 

(odds ratio = 0.438, p = 0.018). Instructional / training accidents were 167.7% more likely 

to include one or more decision errors than accidents for personal / private use (odds ratio 

= 2.677, p < 0.001). 

6.3.3.1.12.3 Perceptual Errors 

Aerial application accidents were significantly less likely to include one or more 

perceptual error classifications than commercial helicopter accidents (odds ratio = 0.229, 

p = 0.025) and HAA accidents (odds ratio = 0.143, p = 0.002). Aerial observation accidents 
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were also significantly less likely to include one or more perceptual errors than HAA 

accidents (odds ratio = 0.215, p = 0.030). Helicopter accident reports for business 

operations were 449.6% more likely to have one or more perceptual errors than 

instructional / training accidents (odds ratio = 5.496, p = 0.030). Commercial accidents 

(odds ratio = 10.954, p = 0.001) and HAA accidents (odds ratio = 17.483, p < 0.001) were 

also significantly more likely to include one or more perceptual errors than instructional / 

training accidents. HAA accidents were 289.1% more likely to have one or more perceptual 

errors than accidents for personal / private use.  Instructional / Training accidents were 

significantly less likely to have one or more perceptual errors occur than personal / private 

accidents (odds ratio = 0.223, p = 0.021). 

6.3.3.1.12.4 Routine Violations 

There were no significant differences in the likelihood of routine violations between 

mission types. 

6.3.3.1.12.5 Exceptional Violations 

Accidents when flights were conducted for business operations were 1121.4% more 

likely to have one or more exceptional violations than instructional / training accidents 

(odds ratio = 12.214, p = 0.032). HAA accidents were also significantly more likely to have 

one or more exceptional violations than instructional / training accidents (odds ratio = 

14.657, p = 0.022). Accidents during training flights were significantly less likely to have 

one or more exceptional violations than accidents during offshore operations (odds ratio = 

0.041, p = 0.029). 

6.3.3.1.12.6 Technological Environment 

External load accidents were significantly more likely to include one or more 

technological environment classifications than accidents for aerial applications (odds ratio 

= 4.407, p = 0.010), aerial observations (odds ratio = 4.013, p = 0.035), business operations 

(odds ratio = 4.783, p = 0.024), and HAA flights (odds ratio = 5.444, p = 0.025). External 

load accidents were 1458.7% and 285.6% more likely to have one or more technological 

environment classifications than instructional / training accidents (odds ratio = 15.587, p < 

0.001) and personal / private accidents (odds ratio = 3.856, p = 0.009). 
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Aerial application accidents (odds ratio = 3.536, p = 0.028) and aerial observations 

accidents (odds ratio = 3.884, p = 0.038) were both significantly more likely to have one 

or more technological environment classifications than accidents occurring during 

instructional / training flights.  Accidents for commercial operations (odds ratio = 5.416, p 

= 0.008) and firefighting (odds ratio = 16.700, p = 0.004) were also significantly more 

likely to have one or more technological environment classifications than instructional / 

training accidents. Accidents during instructional flights were also significantly less likely 

to have technological environment classifications than offshore accidents (odds ratio = 

0.090, p = 0.010) and accidents during personal use (odds ratio = 0.247, p = 0.007). 

6.3.3.1.12.7 Physical Environment 

Accidents for aerial application (odds ratio = 3.750, p < 0.001), aerial observation 

(odds ratio = 5.037, p < 0.001), business (odds ratio = 2.412, p = 0.012), commercial (odds 

ratio = 5.569, p < 0.001), external load (odds ratio = 3.300, p = 0.010), and HAA (odds 

ratio = 5.060, p < 0.001) mission types were all more likely to include at least one physical 

environment classification than accidents during instructional flights. Accidents during 

training flights were also significantly less likely to include one or more physical 

environment classifications than offshore accidents (odds ratio = 0.101, p = 0.006), 

accidents for personal use (odds ratio = 0.270, p < 0.001), and utility patrol accidents (odds 

ratio = 0.152, p = 0.033). 

6.3.3.1.12.8 Adverse Mental State 

Aerial application accidents were 448.9% more likely to have at least one adverse 

mental state classification than accidents during personal / private flights (odds ratio = 

5.489, p = 0.002). HAA accidents (odds ratio = 9.120, p < 0.001) and firefighting accidents 

(odds ratio = 17.100, p = 0.004) were also significantly more likely to have at least one 

adverse mental state classification when compared to personal / private accidents. 

6.3.3.1.12.9 Adverse Physiological State 

Aerial application accidents were significantly less likely to have at least one 

adverse physiological state classification than HAA accidents (odds ratio = 0.071, p = 

0.018). Accidents during business operations were 729.3% more likely to have at least one 

adverse physiological mental state classification than instructional / training accidents (p = 
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0.017). Commercial accidents were 537.5% more likely (p = 0.046) and HAA accidents 

were 1187.9% more likely (p = 0.003) to experience one or more adverse physiological 

state classifications than instructional / training accidents.  Instructional / training accidents 

were also significantly less likely to experience at least one adverse physiological state 

classification than accidents during personal / private flights (odds ratio = 0.195, p = 0.037). 

6.3.3.1.12.10 Physical / Mental Limitations 

There were no significant differences in the likelihood of accidents receiving one 

or more physical / mental limitation classifications between mission types. 

6.3.3.1.12.11 Crew Resource Management 

There were no significant differences in the likelihood of accidents receiving one 

or more crew resource management classifications between mission types. 

6.3.3.1.12.12 Personal Readiness 

There were no significant differences in the likelihood of accidents receiving at 

least one personal readiness classifications between mission types. 

6.3.3.1.12.13 Inadequate Supervision 

Accidents occurring while conducting business flights (odds ratio = 0.075, p = 

0.012) and HAA flights (odds ratio = 0.089, p = 0.019) were significantly less likely to 

include at least one inadequate supervision classification than accidents occurring during 

training flights. Additionally, training flights were 5203.0% more likely to have one or 

more inadequate supervision classifications than personal / private flight accidents (odds 

ratio = 53.030, p < 0.001). 

6.3.3.1.12.14 Planned Inappropriate Operations 

There were no significant differences in the likelihood of accidents receiving at 

least one planned inappropriate operations classifications between mission types. 

6.3.3.1.12.15 Supervisory Violations 

There were no significant differences in the likelihood of accidents receiving one 

or more supervisory violation classifications between mission types. 
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6.3.3.1.12.16 Resource Management 

Accidents occurring during HAA flights were 1365.7% more likely (p = 0.022) to 

include at least one resource management classification than instructional / training 

accidents and 1400.0% more likely (p = 0.021) to include at least one resource management 

classification than personal / private accidents. Accidents during firefighting flights were 

also significantly more likely to include one or more resource management classifications 

when compared to instructional / training accidents (odds ratio = 34.200, p = 0.017) and 

personal / private accidents (odds ratio 35.000, p = 0.017). Accidents occurring during 

training flight were significantly less likely to include one or more classifications of 

resource management when compared to law enforcement accidents (odds ratio = 0.038, p 

= 0.009) and offshore accidents (odds ratio = 0.041, p = 0.029). Law enforcement accidents 

were 2592.3% more likely (p = 0.009) and off shore accidents were 2500.0% more likely 

(p = 0.028) to include one or more classifications of resource management than personal / 

private accidents. 

6.3.3.1.12.17 Organizational Climate 

There were no significant differences in the likelihood of accidents receiving one 

or more organizational climate classifications between mission types. 

6.3.3.1.12.18 Organizational Process 

Aerial observation accidents were significantly less likely to receive at least one 

organizational process classification than law enforcement accidents (odds ratio = 0.085, p 

= 0.040) and offshore accidents (odds ratio = 0.064, p = 0.034). Accidents occurring for 

business flights were also significantly less likely to receive at least one organizational 

process classification than law enforcement accidents (odds ratio = 0.091, p = 0.046) and 

offshore accidents (odds ratio = 0.068, p = 0.039).  

6.3.3.2 Phase of Flight 

Table 34 shows the breakdown of 691 accident reports by the phase of flight in 

which the accident sequence was initiated. Thirty-eight percent of the 691 accidents started 

while helicopters were in the maneuvering phase of flight. Seventeen percent of accidents 

started while en route and 14% of accidents started while landing.  
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While the percentage of accidents that occur in each phase of flight are presented, 

the percentages cannot be extended to infer the likelihood of accidents in each phase of 

flight since the total flight hours helicopters spend in each phase of flight is unknown. 

Rather, we will look at the different error classifications that occur in each of the phases of 

flight based on the observed classifications from the accident reports as well as how 

classifications differ between the phases of flight. 

 

Table 34. Breakdown of 691 accident reports by phase of flight in which the accident 

sequence was initiated. 

Phase of Flight 
Frequency 

(N = 691) 

Percent 

(%) 

Maneuvering 268 38.80% 

En route 120 17.40% 

Landing 99 14.30% 

Approach 74 10.70% 

Takeoff 58 8.40% 

Initial Climb 35 5.10% 

Standing 20 2.90% 

Air Taxi 17 2.50% 
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6.3.3.2.1  Air Taxi 

The breakdown of 38 HFACS classifications found in accidents initiated while air 

taxiing is provided in Table 35. A one-sample chi-square test found that HFACS 

classifications did not occur with equal probabilities (χ2(5, N=38) = 49.789, p < 0.001) 

when air taxiing. Skill-based errors were the most common classification observed when 

air taxiing followed by classifications for the physical environment.  Skill-based errors 

most commonly included topics related with aircraft control while physical environment 

classifications were most commonly associated with wind and surface conditions. 

 

Table 35. Breakdown of HFACS classifications found in accidents that were initiated 

while air taxiing. 

HFACS Classification 
Frequency 

(N = 38) 

Percent 

(%) 

Skill-Based Errors 21 55.30% 

Physical Environment 10 26.30% 

Decision Errors 3 7.90% 

Technological Environment 2 5.30% 

Inadequate Supervision 1 2.60% 

Physical/Mental Limitations 1 2.60% 
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6.3.3.2.2  Approach 

The distribution of 220 HFACS classifications from accidents that started during 

the approach phase of flight is shown in Table 36. A one-sample chi-square test found that 

HFACS classifications did not occur with equal probabilities (χ2(14, N=220) = 581.955, p 

< 0.001) when on approach. Skill-based errors were the most common classification 

observed when on approach followed by classifications for the physical environment and 

decision errors. 

 

Table 36. Breakdown of HFACS classifications found in accidents that were initiated 

during approach. 

HFACS Classification Frequency 

(N = 220) 

Percent 

(%) 

 Skill-Based Errors 89 40.50% 

Physical Environment 44 20.00% 

Decision Errors 40 18.20% 

Inadequate Supervision 11 5.00% 

Perceptual Errors 10 4.50% 

Technological Environment 5 2.30% 

Exceptional Violation 4 1.80% 

Physical/Mental Limitations 4 1.80% 

Adverse Mental State 3 1.40% 

Classification Not Provided 2 0.90% 

Adverse Physiological State 2 0.90% 

Crew Resource Management 2 0.90% 

Personal Readiness 2 0.90% 

Organizational Process 1 0.50% 

Routine Violation 1 0.50% 
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6.3.3.2.3  En Route 

Four hundred two HFAC classifications were made from accidents that were 

initiated when helicopters were en route; the distribution of HFACS classifications is 

provided in Table 37. A one-sample chi-square test found that HFACS classifications did 

not occur with equal probabilities (χ2(16, N=402) = 1015.766, p < 0.001) when en route. 

As with the other phases of flight, skill-based errors were the most common classification 

observed when en route followed by classifications for the physical environment and 

decision errors. 

 

Table 37. Breakdown of HFACS classifications found in accidents that were initiated 

when en route. 

HFACS Classification Frequency 

(N = 402) 

Percent 

(%) 

 Skill-Based Errors 141 35.10% 

Physical Environment 93 23.10% 

Decision Errors 58 14.40% 

Technological Environment 26 6.50% 

Adverse Physiological State 19 4.70% 

Perceptual Errors 17 4.20% 

Organizational Process 10 2.50% 

Resource Management 10 2.50% 

Classification Not Provided 5 1.20% 

Adverse Mental State 5 1.20% 

Physical/Mental Limitations 5 1.20% 

Inadequate Supervision 3 0.70% 

Personal Readiness 3 0.70% 

Crew Resource Management 2 0.50% 

Exceptional Violation 2 0.50% 

Routine Violation 2 0.50% 

Supervisory Violation 1 0.20% 
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6.3.3.2.4  Initial Climb 

One hundred sixteen HFAC classifications were made from accidents that were 

initiated during the initial climb phase of flight, the distribution of HFACS classifications 

is provided in Table 38. A one-sample chi-square test found that HFACS classifications 

did not occur with equal probabilities (χ2(13, N=116) = 222.172, p < 0.001) during initial 

climb. Skill-based errors were the most common classification observed when en route 

followed by classifications for the physical environment and decision errors. 

 

Table 38. Breakdown of HFACS classifications found in accidents that were initiated 

during the initial climb. 

HFACS Classification Frequency 

(N = 116) 

Percent 

(%) 

 Skill-Based Errors 37 31.90% 

Physical Environment 28 24.10% 

Decision Errors 24 20.70% 

Adverse Mental State 3 2.60% 

Adverse Physiological State 3 2.60% 

Organizational Climate 3 2.60% 

Organizational Process 3 2.60% 

Perceptual Errors 3 2.60% 

Supervisory Violation 3 2.60% 

Technological Environment 3 2.60% 

Resource Management 2 1.70% 

Routine Violation 2 1.70% 

Classification Not Provided 1 0.90% 

Exceptional Violation 1 0.90% 
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6.3.3.2.5  Landing 

The breakdown of 252 HFACS classifications found in accidents initiated while 

landing is provided in Table 39. A one-sample chi-square test found that HFACS 

classifications did not occur with equal probabilities (χ2(14, N=252) = 868.595, p < 0.001) 

during landing. Skill-based errors were the most common classification observed, followed 

by physical environment classifications. 

 

Table 39. Breakdown of HFACS classifications found in accidents that were initiated 

during landing. 

HFACS Classification Frequency 

(N = 252) 

Percent 

(%) 

 Skill-Based Errors 118 46.80% 

Physical Environment 58 23.00% 

Decision Errors 36 14.30% 

Inadequate Supervision 12 4.80% 

Classification Not Provided 6 2.40% 

Adverse Mental State 4 1.60% 

Perceptual Errors 4 1.60% 

Crew Resource Management 3 1.20% 

Technological Environment 3 1.20% 

Organizational Process 2 0.80% 

Physical/Mental Limitations 2 0.80% 

Adverse Physiological State 1 0.40% 

Personal Readiness 1 0.40% 

Resource Management 1 0.40% 

Supervisory Violation 1 0.40% 
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6.3.3.2.6  Maneuvering 

Seven hundred fifty-two classifications were made from accidents that were 

initiated while helicopters were in the maneuvering phase of flight. Maneuvering most 

commonly includes tasks such as hovering and low altitude flying when performing 

mission specific tasks (e.g., aerial application or positioning items with a long line). The 

breakdown of the HFACS classifications that occurred during the maneuvering phase of 

flight is shown in Table 40. A one-sample chi-square test found that HFACS classifications 

did not occur with equal probabilities (χ2(18, N=758) = 3192.697, p < 0.001) while 

maneuvering. Skill-based errors were the most common classification observed followed 

physical environment and decision error classifications. 

 

Table 40. Breakdown of HFACS classifications found in accidents that occurred while 

maneuvering. 

HFACS Classification Frequency 

(N = 758) 

Percent 

(%) 

 Skill-Based Errors 339 44.70% 

Physical Environment 160 21.10% 

Decision Errors 123 16.20% 

Technological Environment 23 3.00% 

Adverse Mental State 17 2.20% 

Perceptual Errors 17 2.20% 

Physical/Mental Limitations 16 2.10% 

Inadequate Supervision 15 2.00% 

Classification Not Provided 14 1.80% 

Organizational Process 9 1.20% 

Exceptional Violation 6 0.80% 

Adverse Physiological State 5 0.70% 

Supervisory Violation 4 0.50% 

Planned Inappropriate Operations 3 0.40% 

Crew Resource Management 2 0.30% 

Routine Violation 2 0.30% 

Organizational Climate 1 0.10% 

Personal Readiness 1 0.10% 

Resource Management 1 0.10% 
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6.3.3.2.7 Standing 

Forty-six classifications were made from accidents that occurred when the 

helicopter was standing. The breakdown of the HFACS classifications that occurred during 

the standing phase of flight is shown in Table 41. A one-sample chi-square test found that 

HFACS classifications did not occur with equal probabilities (χ2(8, N=46) = 78.435, p < 

0.001) when standing. Skill-based errors were the most common classification observed 

followed physical environment and decision error classifications. 

 

Table 41. Breakdown of HFACS classifications found in accidents that occurred while 

standing. 

HFACS Classification Frequency 

(N = 46) 

Percent 

(%) 

 Skill-Based Errors 23 50.00% 

Physical Environment 7 15.20% 

Adverse Mental State 5 10.90% 

Decision Errors 5 10.90% 

Technological Environment 2 4.30% 

Classification Not Provided 1 2.20% 

Exceptional 1 2.20% 

Organizational Process 1 2.20% 

Routine 1 2.20% 
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6.3.3.2.8  Takeoff 

The breakdown of 159 HFACS classifications that occurred during takeoff is shown 

in Table 42. A one-sample chi-square test found that HFACS classifications did not occur 

with equal probabilities (χ2(13, N=159) = 387.176, p < 0.001) during takeoff. Skill-based 

errors were the most common classification observed followed physical environment and 

decision error classifications. 

 

Table 42. Breakdown of HFACS classifications found in accidents that occurred during 

takeoff. 

HFACS Classification Frequency 

(N = 159) 

Percent 

(%) 

 Skill-Based Errors 64 40.30% 

Physical Environment 32 20.10% 

Decision Errors 31 19.50% 

Technological Environment 7 4.40% 

Crew Resource Management 4 2.50% 

Perceptual Errors 4 2.50% 

Adverse Mental State 3 1.90% 

Inadequate Supervision 3 1.90% 

Routine 3 1.90% 

Exceptional 2 1.30% 

Organizational Process 2 1.30% 

Physical/Mental Limitations 2 1.30% 

Adverse Physiological State 1 0.60% 

Classification Not Provided 1 0.60% 

 

6.3.3.2.9 Comparison of HFACS Classifications between Phases of Flight 

A chi-square test could not be used to determine if phases of flight were more likely 

to experience certain types of error classifications than other phases of flight since the 

calculated expected frequencies were less than five, violating a pre-condition of the chi-

square test. Comparisons between phases of flight for specific HFACS classifications were 

made using odds ratios. Odds ratios were not calculated when phases of flight had no 

occurrences of a particular HFACS classification. The odds ratios and p values for the odds 

ratios are provided within Appendix V. 
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6.3.3.2.9.1 Skill-Based Errors 

One or more skill-based errors was significantly more likely in accidents initiated 

during approach than those initiated while en route (odds ratio = 2.913, p = 0.018), during 

initial climb (odds ratio = 3.313, p = 0.031), and while standing (odds ratio = 4.102, p = 

0.025). Experiencing one or more skill-based errors was significantly less likely while en 

route than in accidents that were initiated during landing (odds ratio = 0.411, p = 0.021) or 

maneuvering (odds ratio = 0.430, p = 0.003) phases of flight. Accidents taking place during 

the initial climb were also significantly less likely to have had one or more skill-based 

errors than accidents occurring during landing (odds ratio = 0.361, p = 0.042) and 

maneuvering (odds ratio = 0.378, p = 0.024). Additionally, accidents taking place during 

landing were 242.9% more likely to have had one or more skill-based error classifications 

than those occurring while standing (p = 0.035). Accidents occurring while maneuvering 

were 227.6% more likely to have at least one skill-based error than accidents occurring 

while the helicopter was standing (p=0.024). 

6.3.3.2.9.2 Decision Errors 

The occurrence of at least one decision error was significantly less likely in 

accidents occurring while air taxiing than those occurring on approach (odds ratio = 0.214, 

p = 0.023) and initial climb (odds ratio = 0.180, p = 0.018). Accidents occurring during the 

initial climb were 256.3% more likely to have one or more decision errors than accidents 

occurring while the helicopter was standing (p = 0.040). 

6.3.3.2.9.3 Perceptual Errors 

Accidents occurring during the en route phase of flight were significantly more 

likely to include one or more perceptual error classifications than accidents when landing 

(odds ratio = 3.654, p = 0.025) or maneuvering (odds ratio = 2.595, p = 0.012).  

6.3.3.2.9.4 Routine Violations 

Accidents occurring during the initial climb were 706.1% more likely to have at 

least one routine violation than accidents occurring when maneuvering (p = 0.040). 

Accidents during the maneuvering phase of flight were significantly less likely to have one 

or more routine violations than those during takeoff (odds ratio = 0.138, p = 0.032). 
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6.3.3.2.9.5 Exceptional Violations 

There were no significant differences in the likelihood of exceptional violations 

between phases of flight. 

6.3.3.2.9.6 Technological Environment 

Accidents occurring while helicopters were on approach were significantly less 

likely to have one or more technological environment classifications than those while the 

helicopter was en route (odds ratio = 0.255, p = 0.016). Accidents occurring en route were 

618.4% more likely to have one or more technological environment classifications than 

those occurring while landing (p = 0.002) and 139.1% more likely to receive technological 

environment classifications than those occurring while maneuvering (p = 0.007). 

6.3.3.2.9.7 Physical Environment 

There were no significant differences in the likelihood of accidents receiving one 

or more physical environment classifications between phases of flight in which the accident 

was initiated. 

6.3.3.2.9.8 Adverse Mental State 

Accidents occurring during approach (odds ratio = 0.127, p = 0.008), while en route 

(odds ratio = 0.130, p = 0.003), landing (odds ratio = 0.126, p = 0.004), and during 

maneuvering (odds ratio = 0.190, p = 0.004) were significantly less likely to have one or 

more adverse mental state classifications than accidents occurring while standing. 

Accidents occurring during the standing phase of flight were 511.1% more likely to have 

adverse mental state classifications than those occurring during takeoff (p = 0.021). 

6.3.3.2.9.9 Adverse Physiological State 

Accidents occurring while on approach were significantly less likely to have one or 

more adverse physiological state classifications than those occurring en route (odds ratio = 

0.168, p = 0.020).  

Accidents that occurred while en route were 1517.5% more likely (p = 0.007) than 

those occurring while landing, to have one or more adverse physiological state 

classifications. En route accidents were 768.2% more likely to have at least one adverse 

physiological state classifications than accidents that occurred while maneuvering (p < 
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0.001). Additionally, accidents that occurred while en route were significantly more likely 

to have at least one adverse physiological state classification than those that occurred 

during takeoff (odds ratio = 9.408, p = 0.031). 

Accidents that took place during initial climb were 393.1% more likely to have at 

least one adverse physiological state classification that those that occurred while 

maneuvering (p = 0.034). 

6.3.3.2.9.10 Physical / Mental Limitations 

There were no significant differences in the likelihood of accidents receiving one 

or more physical / mental limitation classifications between phases of flight. 

6.3.3.2.9.11 Crew Resource Management 

Accidents that occurred while maneuvering were significantly less likely to have 

one or more crew resource management classifications than those that occurred during 

takeoff (odds ratio = 0.138, p = 0.032). 

6.3.3.2.9.12 Personal Readiness 

There were no significant differences in the likelihood of accidents receiving one 

or more personal readiness classifications based on the phase of flight in which the accident 

took place. 

6.3.3.2.9.13 Inadequate Supervision 

Accidents that were initiated while on approach were 581.0% more likely to have 

at least one inadequate supervision classification than those initiated while en route (p = 

0.004). Additionally, accidents occurring while on approach were 194.5% more likely to 

have one or more instances of inadequate supervision than those occurring while 

maneuvering (p = 0.010). Accidents that occurred when en route were significantly less 

likely to have one or more inadequate supervision classifications than accidents occurring 

during the landing phase of flight (odds ratio = 0.205, p = 0.017). 

6.3.3.2.9.14 Planned Inappropriate Operations 

There were no significant differences in the likelihood of accidents receiving at 

least one planned inappropriate operations classification based on the phase of flight in 

which the accident was initiated. 
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6.3.3.2.9.15 Supervisory Violations 

There were no significant differences in the likelihood of accidents receiving at 

least one supervisory violation classification based on the phase of flight in which the 

accident was initiated. 

6.3.3.2.9.16 Resource Management 

Accidents that occurred while en route were 2064.9% more likely to receive at least 

one resource management classification than those that occurred while maneuvering (p = 

0.004). Similarly, accidents that occurred during the initial climb phase of flight were 

1518.2% more likely to receive one or more resource management classifications than 

accidents that occurred while maneuvering (p = 0.025). 

6.3.3.2.9.17 Organizational Climate 

Accidents that initiated while in the initial climb were significantly more likely to 

have at least one organizational climate classification than those that occurred while 

maneuvering (odds ratio = 25.031, p = 0.006). 

6.3.3.2.9.18 Organizational Process 

There were no significant differences in the likelihood of accidents receiving at 

least one organizational process classification based on the phase of flight in which the 

accident was initiated. 

6.3.3.3 Meteorological Conditions 

Table 43 shows the breakdown of 691 accident reports by meteorological condition. 

The majority of accidents occurred during Visual Meteorological Conditions (VMC).  

 

Table 43. Breakdown of 691 accident reports by meteorological condition. 

Meteorological Conditions Frequency 

(N = 691) 

Percent 

(%) 

Visual Meteorological Conditions (VMC) 662 95.80% 

Instrument Meteorological Conditions (IMC) 28 4.10% 

Not Specified 1 0.10% 
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Accidents in which VMC conditions prevailed were significantly more likely to 

have one or more skill based errors than IMC accidents (odds ratio = 0.1294, p < 0.001). 

This may be caused by the large difference in the number of IMC and VMC accidents or 

that other errors played a larger role in the outcome of IMC accidents.  

One or more decision error classifications were significantly more likely in IMC 

conditions than in VMC conditions (odds ratio = 3.8410, p = 0.0016); such decision errors 

were often related to the pilots’ choice to accept the flight or their decision to continue the 

flight rather than aborting the mission. Also, accidents with IMC conditions were 866.1% 

more likely to have at least one perceptual error than flights in VMC conditions (odds 

ratio=9.6605, p < 0.001). 

While the likelihood of having at least one exceptional violation was greater for 

accidents with IMC conditions, the difference was not significant (odds ratio = 1.5975, p 

= 0.6559). The likelihood of routine violation was also not significantly different based on 

meteorological conditions (odds ratio = 0.9939, p = 0.997). 

As expected, accidents with IMC conditions had a significantly greater likelihood 

of receiving one or more physical environment classifications than accidents with visual 

conditions (odds ratio = 16.5739, p < 0.001). IMC conditions are often associated with 

wind, precipitation, and reduced visibility, all of which would be classified as physical 

environment.  

While not significantly different, accidents with visual conditions had a higher  

likelihood of receiving one or more technological environment classifications than 

accidents with instrument conditions (odds ratio = 0.3521, p = 0.310). 

Accidents in IMC conditions were significantly more likely to have at least one 

adverse mental state classification than accidents with VMC conditions (odds ratio = 

4.0153, p = 0.008). This was also the case with adverse physiological state classifications 

(odds ratio = 15.2053, p < 0.001). The significant difference in adverse physiological state 

may be related to the classification of causal factors for spatial disorientation. While not 

significantly different, accidents with IMC conditions were more likely to have one or more 

physical / mental limitation classifications (odds ratio = 1.8091, p = 0.435). 
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The likelihood of receiving one or more crew resource management classifications 

and personal readiness classifications were not significantly different between IMC and 

VMC conditions (odds ratio = 0.9939, p = 0.997) and (odds ratio = 4.0494, p = 0.203) 

respectively. 

Inadequate Supervision classifications were more likely, although not significantly 

different, in VMC conditions than in IMC conditions (odds ratio = 0.2438, p = 0.325). 

Classifications for planned inappropriate operations and supervisory violations were not 

observed within IMC accidents, thus odds ratios were not calculated. 

Accidents with IMC conditions were 285.2% more likely to have received one or 

more organizational process classifications than VMC accidents (odds ratio = 3.8520, p = 

0.039). Although not significantly different, IMC accidents were also more likely to have 

at least one organizational climate classification (odds ratio = 8.1358, p = 0.074). No 

classifications for resource management were observed within IMC accidents, thus an odds 

ratio was not calculated. 

6.3.3.4 Time of Day 

Table 44 shows the breakdown of 691 accident reports by the time of day in which 

the accident occurred. The vast majority of accidents, 87.3%, occurred during the day. 

Nearly 10% of accidents occurred at night. 

 

Table 44. Breakdown of 691 accident reports by time of day in which the accident 

occurred. 

Time of Day Frequency 

(N = 691) 

Percent 

(%) 

Day 603 87.30% 

Night 67 9.70% 

Dusk 12 1.70% 

Dawn 9 1.30% 

 

Table 45 shows the breakdown of HFACS classifications for each of the times of 

day. One-sample chi-square tests were used to determine if HFACS classifications 

occurred with equal probabilities within each of the time of day categories. A significant 

difference was found in the probabilities of the HFACS classifications for accidents 
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occurring in the day (χ2(18, N=1660) = 7098.290, p < 0.001) and at dusk (χ2(6, N=40) = 

56.250, p < 0.001). There was also a significant different in the probabilities of observed 

HFACS classifications for accidents that occurred at night (χ2(17, N=256) = 485.234, p < 

0.001).  

Table 45. Breakdown of HFACS classifications in accidents by time of day. 

HFAC Classification Dawn Day Dusk Night 
Not 

Provided 
Total 

Not Provided 

Count 0 25 1 4 0 30 

% within 

Time of Day 
0.0% 1.5% 2.5% 1.6% 0.0% 1.5% 

Adverse Mental 

State 

Count 0 30 0 10 0 40 

% within 

Time of Day 
0.0% 1.8% 0.0% 3.9% 0.0% 2.0% 

Adverse 

Physiological 

State 

Count 0 15 1 15 0 31 

% within 

Time of Day 
0.0% 0.9% 2.5% 5.9% 0.0% 1.6% 

Crew Resource 

Management 

Count 0 11 0 2 0 13 

% within 

Time of Day 
0.0% 0.7% 0.0% 0.8% 0.0% 0.7% 

Decision Errors 

Count 3 276 5 35 1 320 

% within 

Time of Day 
11.5% 16.6% 12.5% 13.7% 11.1% 16.1% 

Exceptional 

Violation 

Count 1 13 0 2 0 16 

% within 

Time of Day 
3.8% 0.8% 0.0% 0.8% 0.0% 0.8% 

Inadequate 

Supervision 

Count 0 42 0 3 0 45 

% within 

Time of Day 
0.0% 2.5% 0.0% 1.2% 0.0% 2.3% 

Organizational 

Climate 

 

Count 0 1 0 2 1 4 

% within 

Time of Day 
0.0% 0.1% 0.0% 0.8% 11.1% 0.2% 

Organizational 

Process 

Count 0 19 0 7 2 28 

% within 

Time of Day 
0.0% 1.1% 0.0% 2.7% 22.2% 1.4% 

Perceptual 

Errors 

Count 0 25 1 29 0 55 

% within 

Time of Day 
0.0% 1.5% 2.5% 11.3% 0.0% 2.8% 

 

Personal 

Readiness 

 

Count 1 4 0 2 0 7 

% within 

Time of Day 3.8% 0.2% 0.0% 0.8% 0.0% 0.4% 

Physical 

Environment 

Count 6 341 11 74 0 432 

% within 

Time of Day 
23.1% 20.5% 27.5% 28.9% 0.0% 21.7% 

Physical/Mental 

Limitations 

Count 0 20 0 10 0 30 

% within 

Time of Day 
0.0% 1.2% 0.0% 3.9% 0.0% 1.5% 

Planned 

Inappropriate 

Operations 

Count 0 2 0 1 0 3 

% within 

Time of Day 
0.0% 0.1% 0.0% 0.4% 0.0% 0.2% 

Count 0 12 0 1 1 14 
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HFAC Classification Dawn Day Dusk Night 
Not 

Provided 
Total 

Resource 

Management 

% within 

Time of Day 
0.0% 0.7% 0.0% 0.4% 11.1% 0.7% 

Routine 

Violation 

Count 0 10 0 1 0 11 

% within 

Time of Day 
0.0% 0.6% 0.0% 0.4% 0.0% 0.6% 

 

Skill-Based 

Errors 

 

Count 12 751 20 49 0 832 

% within 

Time of Day 46.2% 45.2% 50.0% 19.1% 0.0% 41.8% 

Supervisory 

Violation 

Count 0 6 0 0 3 9 

% within 

Time of Day 
0.0% 0.4% 0.0% 0.0% 33.3% 0.5% 

Technological 

Environment 

Count 3 57 1 9 1 71 

% within 

Time of Day 
11.5% 3.4% 2.5% 3.5% 11.1% 3.6% 

Total 

Count 26 1660 40 256 9 1991 

% within 

Time of Day 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 

Within all four time of day categories, skill-based errors and physical environment 

classifications accounted for the greatest number of causal factors. Decision errors 

accounted for the third most number of classifications for accidents happening at dawn, 

day, dusk, and night.  

A chi-square test could not be used to determine if certain times of day were more 

likely to experience certain types of error classifications than other times of day since the 

calculated expected frequencies were less than five. Comparisons between times of day for 

specific HFACS classifications were made using odds ratios. Odds ratios were not 

calculated when times of day had no occurrences of a particular HFACS classification. The 

odds ratios and p values for the odds ratios are provided within Appendix W. 

Accidents occurring during the day were significantly more likely to experience 

one or more skill-based error than accidents occurring at night (odds ratio = 7.193, p < 

0.001) and at dusk (odds ratio = 10.057, p = 0.031). As one may expect, accidents that 

occurred during the day had significantly less likelihood of having one or more perceptual 

error classifications than accidents that happened at night (odds ratio = 0.061, p < 0.001). 

Similarly, daytime accidents had a significantly lower likelihood of having one or more 

physical environment classifications than nighttime accidents (odds ratio = 0.429, p = 

0.002). Adverse mental state classifications (odds ratio = 0.337, p = 0.007) and adverse 

physiological state classifications (odds ratio = 0.076, p < 0.001) were also significantly 



241 

 

 

less likely during daytime accidents than nighttime accidents. Physical / mental limitation 

classifications were less likely in daytime accidents than in nighttime accidents (odds ratio 

= 0.185, p < 0.001), this could be partially explained by physical limitations associated 

with night vision. One or more organizational climate (odds ratio = 0.108, p = 0.027) and 

organizational process (odds ratio = 0.295, p = 0.013) classifications were less likely to be 

in daytime accidents than nighttime accidents. 

Accidents receiving one or more personal readiness classifications were 1771.9% 

more likely to occur at dawn than during the day (p = 0.013). 

No significant differences were found regarding the likelihood of having at least 

one of a given classification type between operations at different times of day for decision 

errors, routine violations, exceptional violations, and technological environment 

classifications. Significant differences were also not found in the likelihood of one or more 

crew resource management, inadequate supervision, and planned inappropriate operation 

classifications for different times of day. Time of day also did not have any significant 

differences on resource management classifications. 

Odds ratios could not be calculated for supervisory violations since all 

combinations of times of day included an instance of zero observed classifications. 

 

6.3.3.5 Number of Pilots 

Table 46 shows the breakdown of 691 accident reports by the number of pilots in 

the crew. Nearly 74% of accidents had only one pilot. 

Table 46. Breakdown of 691 accident reports by the number of pilots in the crew. 

Number of Pilots Frequency 

(N = 691) 

Percent 

(%) 

1 510 73.8% 

2 188 26.2% 

 

One or more skill-based error classifications and decision error classifications were 

significantly more likely in accidents with two pilots than those with one (χ2(1, N=691) = 

4.522, p = 0.033; χ2(1, N=691) = 46.063, p < 0.001).  The likelihood of at least one 

perceptual error was significantly higher in accidents with one pilot than two (χ2(1, N=691) 
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= 6.312, p = 0.012). The likelihood of routine and exceptional violations was not 

significantly different based on the number of pilots. 

Classifications for technological environment and physical environment were 

significantly more likely in accidents with only one pilot (χ2(1, N=691) = 5.369, p = 0.020; 

χ2(1, N=691) = 35.445, p < 0.001). Similarly, one or more classifications within a report 

for adverse mental state and adverse physiological state are significantly more likely for 

one pilot accidents (χ2(1, N=691) = 9.488, p = 0.002; χ2(1, N=691) = 3.933, p = 0.047). 

There was a significant difference between the number of accidents that had crew resource 

management classifications based on the crew size, where two-pilot crews were more likely 

to have CRM issues (χ2(1, N=691) = 4.648, p = 0.031). There was not a significant 

difference in the number of one-pilot and two-pilot accidents with physical / mental 

limitation classifications or personal readiness classifications.  
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Table 47 shows the breakdown of HFACS classifications both one- and two-pilot 

crews. One-sample chi-square tests were used to determine if HFACS classifications 

occurred with equal probabilities within one and two pilot crews. A significant difference 

was found in the probabilities of the HFACS classifications for accidents with one pilot 

(χ2(18, N=1470) = 5695.456, p < 0.001) and two pilots (χ2(6, N=521) = 2066.975, p < 

0.001). The greatest number of causal factors were classified as skill-based errors for both 

one- and two-pilot crew accidents. Physical environment classifications accounted for 

24.8% of classifications for one-pilot crew accidents and 12.9% of classifications for two-

pilot crew accidents. Decision errors accounted for 13.4% of classifications in one-pilot 

crew accidents and 23.6% of classifications in two pilot crew accidents. 

One or more skill-based error classifications and decision error classifications were 

significantly more likely in accidents with two pilots than those with one (χ2(1, N=691) = 

4.522, p = 0.033; χ2(1, N=691) = 46.063, p < 0.001).  The likelihood of at least one 

perceptual error was significantly higher in accidents with one pilot than two (χ2(1, N=691) 

= 6.312, p = 0.012). The likelihood of routine and exceptional violations was not 

significantly different based on the number of pilots. 

Classifications for technological environment and physical environment were 

significantly more likely in accidents with only one pilot (χ2(1, N=691) = 5.369, p = 0.020; 

χ2(1, N=691) = 35.445, p < 0.001). Similarly, one or more classifications within a report 

for adverse mental state and adverse physiological state are significantly more likely for 

one pilot accidents (χ2(1, N=691) = 9.488, p = 0.002; χ2(1, N=691) = 3.933, p = 0.047). 

There was a significant difference between the number of accidents that had crew resource 

management classifications based on the crew size, where two-pilot crews were more likely 

to have CRM issues (χ2(1, N=691) = 4.648, p = 0.031). There was not a significant 

difference in the number of one-pilot and two-pilot accidents with physical / mental 

limitation classifications or personal readiness classifications.  
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Table 47. Breakdown of HFACS classifications by the number of pilots in the crew. 

HFACS Classification Number of Pilots Total 

1 2  

Classification 

Not Provided 

Count 22 8 30 

% within 

Number of Pilots 

1.5% 1.5% 1.5% 

Adverse Mental 

State 

Count 38 2 40 

% within 

Number of Pilots 

2.6% 0.4% 2.0% 

Adverse 

Physiological 

State 

Count 28 3 31 

% within 

Number of Pilots 

1.9% 0.6% 1.6% 

Crew Resource 

Management 

Count 6 7 13 

% within 

Number of Pilots 

0.4% 1.3% 0.7% 

Decision Errors Count 197 123 320 

% within 

Number of Pilots 

13.4% 23.6% 16.1% 

Exceptional 

Violation 

Count 15 1 16 

% within 

Number of Pilots 

1.0% 0.2% 0.8% 

Inadequate 

Supervision 

Count 5 40 45 

% within 

Number of Pilots 

0.3% 7.7% 2.3% 

Organizational 

Climate 

Count 3 1 4 

% within 

Number of Pilots 

0.2% 0.2% 0.2% 

Organizational 

Process 

Count 20 8 28 

% within 

Number of Pilots 

1.4% 1.5% 1.4% 

Perceptual 

Errors 

Count 48 7 55 

% within 

Number of Pilots 

3.3% 1.3% 2.8% 

 

Personal 

Readiness 

 

Count 6 1 7 

% within 

Number of Pilots 

0.4% 0.2% 0.4% 

Physical 

Environment 

Count 365 67 432 

% within 

Number of Pilots 

24.8% 12.9% 21.7% 

Physical/Mental 

Limitations 

Count 24 6 30 

% within 

Number of Pilots 

1.6% 1.2% 1.5% 
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HFACS Classification Number of Pilots Total 

1 2  

Planned 

Inappropriate 

Operations 

Count 1 2 3 

% within 

Number of Pilots 

0.1% 0.4% 0.2% 

Resource 

Management 

Count 10 4 14 

% within 

Number of Pilots 

0.7% 0.8% 0.7% 

Routine 

Violation 

Count 10 1 11 

% within 

Number of Pilots 

0.7% 0.2% 0.6% 

Skill-Based 

Errors 

Count 610 222 832 

% within 

Number of Pilots 

41.5% 42.6% 41.8% 

Supervisory 

Violation 

Count 1 8 9 

% within 

Number of Pilots 

0.1% 1.5% 0.5% 

Technological 

Environment 

Count 61 10 71 

% within 

Number of Pilots 

4.1% 1.9% 3.6% 

Total Count 1470 521 1991 

% within 

Number of Pilots 

100.0% 100.0% 100.0% 

 

One or more inadequate supervision and supervisory violation classifications were 

significantly more likely in accidents with two pilots than those with one (χ2(1, N=691) = 

94.775, p < 0.001; χ2(1, N=691) = 12.959, p < 0.001).  There was not a significant 

difference in the number of one pilot and two pilot accidents with planned inappropriate 

operation classifications. 

There was not a significant difference in the number of one pilot and two pilot 

accidents with resource management, organizational climate, and organizational process 

classifications. 

6.3.4 HFACS Classifications and Pilot Characteristics 

6.3.4.1 Pilot Age 

There were a total of 862 pilots represented within the 691 reports. Information 

regarding age was provided for 847 pilots. Age ranged from 16 years old to 84 years old, 
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with an average age of 45.35 years and a standard deviation of 14.325. Pilot age and total 

aircraft flight hours were strongly correlated, r(825) = 0.539, p < 0.001.  

A binary logistic regression was performed to determine if pilots’ age had an effect 

on HFACS classifications. The logistic regression model for age’s effect on decision errors 

was statistically significant (Χ2(1)=12.778, p < 0.001) and accounted for two percent of 

decision error variance.  Younger pilots were significantly more likely to commit decision 

errors than older pilots (β = -0.017, p < 0.001). A binary logistic regression model for age’s 

effect on perceptual error classifications was also significant (Χ2(1)=5.633, p = 0.018) and 

accounted for 1.8% of perceptual error variance. Older pilots were significantly more likely 

to experience perceptual errors than their younger counterparts (β = 0.024, p = 0.018). 

Binary logistic regression models for age’s effects on technological environment 

(Χ2(1)=5.159, p = 0.023; β = 0.020, p = 0.024) and physical environment classifications 

(Χ2(1)=10.086, p = 0.001; β = 0.015, p = 0.002) were also significant, although both 

accounted for less than two percent of the classifications’ variances.  

A binary logistic regression test also found that older pilots were significantly more 

likely to experience adverse mental states (Χ2(1)=8.011, p = 0.005; β = 0.032, p = 0.005; 

R2 = 0.030) and adverse physiological states (Χ2(1)=7.797, p = 0.005; β = 0.036, p = 0.006; 

R2 = 0.034) in accidents than the younger pilots. While older pilots had greater likelihood 

of receiving one or more personal readiness classifications (Χ2(1)=7.316, p = 0.007; β = 

0.070, p = 0.011; R2 = 0.085), younger pilots were more likely of committing an act of 

inadequate supervision (Χ2(1)=18.717, p < 0.001; β = -0.038, p < 0.001; R2 = 0.047). 

6.3.4.2 Total Aircraft Flight Hours 

Eight hundred twenty-eight of the 862 pilots had total flight hours reported. Flight 

hours ranged from 0 to 37,500; the average flight hours was 4,677.26 with a standard 

deviation of 6,178.908. The distribution of total flight hours is shown in Figure 51. 
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Figure 51. Distribution of total flight hours. 

 

Binary logistic regression tests were run for each possible HFACS classification to 

determine if pilot flight hours had significant effects on the occurrence of a particular error. 

The logistic regression model for flight hours’ effect on decision errors was statistically 

significant (Χ2(1)=4.699, p = 0.030) and accounted for 0.8% of decision error variance.  

Pilots with less flight hours were significantly more likely to commit decision errors than 

more experienced pilots (β = -0.000025, p = 0.033). Pilots with a greater number of flight 

hours were significantly more likely to have an accident in which one or more physical 

environment classifications were made (Χ2(1)=8.283, p = 0.004; β = 0.000033, p = 0.004); 

flight hours accounted for 1.3% of the physical environment classification variance. Pilots 

with a greater number of flight hours were significantly more likely to have an accident in 

which one or more adverse mental state classifications were made (Χ2(1)=8.476, p = 0.004; 

β = 0.000061, p = 0.002); flight hours accounted for 3.2% of the adverse mental state 

classification variance. Pilots with a greater number of flight hours were significantly less 
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likely to have an accident in which one or more inadequate supervision classifications were 

made (Χ2(1)=12.119, p < 0.001; β = -0.000093, p = 0.003); flight hours accounted for 3.1% 

of the adverse mental state classification variance. 

6.3.4.3 Total Aircraft Flight Hours in the Last 90 Days 

Flight hours in the 90 days prior to the accident was provided for 611 pilots. Flight 

hours ranged from 0 hours to 7,000 hours. The mean time was 101.90 hours with a standard 

deviation of 323.225. A binary logistic regression was performed to determine if pilots’ 

flight hours in the 90 days prior to the accident had an effect on any of the HFACS 

classifications. The logistic regression model for flight hours in the last 90 days effect on 

physical / mental limitation classifications was statistically significant, Χ2(1)=4.641, p = 

0.031. The model explained only 2.8% of the classification’s variance, and individuals with 

more flight hours in the last 90 days were more likely to have physical / mental limitation 

classifications (β = 0.001, p = 0.036). 

6.3.4.4 Total Flight Hours on the Make / Model of Aircraft 

Flight hours in the aircraft make and model ranged from 0 hours to 30,000 hours. 

The average flight hours on the make and model was 1,105.31 hours with a standard 

deviation of 2,202.44 hours. The logistic regression model for flight hours in the make and 

model of the accident aircraft effect on decision error classifications was statistically 

significant, Χ2(1)=5.337, p = 0.021. The model explained only 0.9% of the classification’s 

variance, and individuals with more flight hours on the make and model of accident aircraft 

were more less likely to have decision error classifications (β = -0.000085, p = 0.032). The 

logistic regression model for make and model flight hours’ effect on inadequate 

supervision classifications was statistically significant (Χ2(1)=11.033, p = 0.001) and 

accounted for 3.1% of decision error variance.  Pilots with less flight hours were 

significantly more likely to experience occurrences of inadequate supervision than those 

with mode flight hours on the make and model of the accident aircraft (β = -0.000372, p = 

0.012). 

6.3.4.5 Pilot and Aircraft Certificates 

Eighty-three percent of pilots from the accident set had their helicopter aircraft 

rating. Pilots with a helicopter aircraft ratings were significantly less likely to have an 
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accident with one or more skill-based error classifications than pilots without the rating 

(Χ2(1)=8.112, p = 0.004). Accidents in which pilots had their helicopter rating were 

significantly less likely to include classifications of inadequate supervision and physical / 

mental limitations (Χ2(1)=11.610, p = 0.201; Χ2(1)=6.964, p = 0.008). Accidents in which 

the pilot had a helicopter aircraft rating were significantly more likely to have at least one 

physical environment classification and at least one adverse mental state classification than 

accidents in which the pilot did not have a helicopter aircraft rating (Χ2(1)=12.567, p < 

0.001; Χ2(1)=3.850, p = 0.050). 

Sixty-six percent of pilots from the accident set had their commercial flight 

certificate. Accidents in which pilots had their commercial flight certificate were 

significantly less likely to include classifications of physical / mental limitations 

(Χ2(1)=6.964, p = 0.008). Accidents in which the pilot had a commercial certificate were 

significantly more likely to have at least one adverse mental state classification and at least 

one organizational process classification than accidents in which the pilot did not have a 

commercial certificate (Χ2(1)=3.850, p = 0.050; Χ2(1)=7.296, p = 0.007). 

Only 15% of pilots from the accident set had their aircraft transport rating. 

Accidents in which the pilot had an air transport rating were significantly less likely to have 

one or more skill-based error classifications than accidents in which the pilot did not have 

an air transport rating (Χ2(1)=4.937, p = 0.026). As was the case with commercial 

certificates, accidents in which the pilot had an air transport rating were significantly more 

likely to have at least one adverse mental state classification and at least one organizational 

process classification than accidents in which the pilot did not have an air transport rating 

(Χ2(1)=6.765, p = 0.009; Χ2(1)=5.964, p = 0.015).  

Forty-six percent of pilots held their helicopter instrument rating. Accidents in 

which the pilot had a helicopter instrument rating were significantly less likely to have at 

least one technological environment classification than accidents in which the pilot did not 

have a helicopter instrument rating (Χ2(1)=4.227, p = 0.040). Accidents in which the pilot 

had a helicopter instrument rating were significantly more likely to have at least one 

organizational process classification than accidents in which the pilot did not have a 

helicopter instrument rating (Χ2(1)=8.239, p = 0.004). 



250 

 

 

6.3.5 Interactions 

The interactions between pilot and flight characteristics were explored to better 

understand why certain characteristics have an effect on HFACS classifications. 

6.3.5.1 Mission Type with Phase of Flight 

Table 48 shows the percentage of accidents within mission types that occured in 

each phase of flight. As seen, the majority of accidents in aerial application, aerial 

observation, external load, firefighting, logging, and utilities patrol occur when 

maneuvering which includes hovering and low altitude flying tasks. While not 

representing the majority of accidents, the largest number of accidents occur when 

maneuvering in instructional / training, law enforcement, and personal /  private mission 

types. The greatest number of accidents in air tour, business, commercial, and HAA 

mission types occur while en route. En route and landing phases of flight each account 

for 25% of offshore accidents. 

A chi-square test could not be conducted to determine if some mission types had a 

significantly higher likelihood of an accident in a particular phase of flight due to 

expected frequencies less than five.
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Table 48. Percent of accidents occurring per phase of flight for each mission type. 

 Phase of Flight 

Air 

Taxi 

Approach En route Initial 

Climb 

Landing Maneuvering Standing Takeoff 

Mission  Not Classified 40.0%  20.0%  20.0%  20.0%  

Aerial Application  1.1% 12.8% 6.4% 7.4% 57.4% 3.2% 11.7% 

Aerial Observation  4.2% 20.8% 2.1%  68.8% 2.1% 2.1% 

Air Tour/Sightseeing  8.3% 25.0% 16.7%  16.7% 16.7% 16.7% 

Business 8.9% 6.7% 28.9% 8.9% 11.1% 24.4% 4.4% 6.7% 

Commercial  14.0% 20.9% 9.3% 30.2% 14.0% 7.0% 4.7% 

Emergency Medical 

Services 

 31.6% 47.4%   5.3% 5.3% 10.5% 

External Load   9.1% 4.5% 4.5% 77.3%  4.5% 

Firefighting    33.3%  66.7%   

Instructional / Training 1.2% 18.0% 6.4% 1.2% 22.1% 44.8% 1.2% 5.2% 

Law Enforcement   20.0%  26.7% 40.0% 6.7% 6.7% 

Logging      100.0%   

Offshore  12.5% 25.0%  25.0% 12.5%  25.0% 

Personal / Private 5.1% 9.1% 20.5% 6.8% 15.3% 29.0% 1.7% 12.5% 

Utilities Patrol / 

Construction 

 16.7%  16.7% 16.7% 50.0%   

Total 2.5% 10.7% 17.4% 5.1% 14.3% 38.8% 2.9% 8.4% 
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6.3.5.2 Mission Type with Number of Pilots 

Table 49 shows the breakdown of accidents by mission type with the number of 

pilots in the crew. In all mission types except HEMS/HAA, the majority of crews were 

composed of one pilot. Firefighting operations were split equally between one and two 

pilots crew. 

Table 49. Percent of accidents within each mission type with the number of pilots in the 

crew at the time of the accident. 

 Number of Pilots 

1 2 

Mission  Not Determined 100.0%  

Aerial Application 100.0%  

Aerial Observation 95.8% 4.2% 

Air Tour/Sightseeing 91.7% 8.3% 

Business 88.9% 11.1% 

Commercial 90.7% 9.3% 

Emergency Medical Services 97.4% 2.6% 

External Load 95.5% 4.5% 

Firefighting 50.0% 50.0% 

Instructional / Training 12.8% 87.2% 

Law Enforcement 66.7% 33.3% 

Logging 100.0%  

Offshore 75.0% 25.0% 

Personal / Private 96.0% 4.0% 

Utilities Patrol / Construction 100.0%  

Total 73.8% 26.2% 
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6.3.5.3 Mission Type with Meteorological Conditions 

Table 50 shows the percentage of accidents within mission types that occur in 

IMC and VMC conditions. As seen, the majority of all accidents occur in VMC 

conditions. The relatively high percent of HAA and Offshore missions occurring in IMC 

conditions is noteworthy. 

 

Table 50. Percentage of accidents for each mission type that occurred in IMC and VMC 

conditions. 

 Meteorological Conditions 

Unknown Instrument 

Meteorological 

Conditions (IMC) 

Visual 

Meteorological 

Conditions (VMC) 

Mission  Not Determined  20.0% 80.0% 

Aerial Application  1.1% 98.9% 

Aerial Observation  4.2% 95.8% 

Air Tour/Sightseeing   100.0% 

Business  8.9% 91.1% 

Commercial  4.7% 95.3% 

Emergency Medical 

Services 

2.6% 18.4% 78.9% 

External Load   100.0% 

Firefighting   100.0% 

Instructional / Training   100.0% 

Law Enforcement   100.0% 

Logging   100.0% 

Offshore  12.5% 87.5% 

Personal / Private  5.7% 94.3% 

Utilities Patrol / 

Construction 

  100.0% 

Total 0.1% 4.1% 95.8% 

 

6.3.5.4 Mission Type with Time of Day 

The percentages of accidents within mission types that occur in different times of 

day are shown in Table 51. The majority of all accidents for each mission type, except 

HAA, occur during the day. Sixty-five percent of HAA accidents occurred at night. 

Business and law enforcement flights each had greater than 13% of accidents occur at 

night. Offshore operations had a notable 12.5% of accidents occur at dawn. 
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Table 51. Percentage of accidents for each mission type that occur in each time of day. 

 Time of Day 

Dawn Day Dusk Night 

Mission  Not Determined  80.0%  20.0% 

Aerial Application 4.3% 91.5% 1.1% 3.2% 

Aerial Observation  89.6% 2.1% 8.3% 

Air Tour/Sightseeing  100.0%   

Business  82.2% 2.2% 15.6% 

Commercial 2.3% 88.4%  9.3% 

Emergency Medical 

Services 

 31.6% 2.6% 65.8% 

External Load  95.5%  4.5% 

Firefighting  100.0%   

Instructional / Training  94.2% 0.6% 5.2% 

Law Enforcement  86.7%  13.3% 

Logging  100.0%   

Offshore 12.5% 87.5%   

Personal / Private 1.7% 88.1% 4.0% 6.3% 

Utilities Patrol / 

Construction 

 100.0%   

Total 1.3% 87.3% 1.7% 9.7% 
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6.3.5.5 Mission Type with Total Flight Hours 

Table 52 shows the mean and standard deviation of total aircraft flight hours for 

pilots in accidents of each mission type. Figure 52 shows a box and whisker plot depicting 

the median total aircraft flight hours and the interquartile ranges for pilots in accidents 

flying each of the mission types.  

 

Table 52. Mean and standard deviation of total aircraft flight hours by mission type. 

Mission Mean Std. Deviation N 

 Not Determined 2951.00 2564.208 5 

Aerial Application 7527.90 8078.954 93 

Aerial Observation 5566.75 6928.691 48 

Air Tour/Sightseeing 6359.50 8195.027 12 

Business 6489.31 7418.469 50 

Commercial 7499.10 8073.953 45 

Emergency Medical 

Services 

7013.54 4776.019 37 

External Load 5348.09 4750.634 22 

Firefighting 10189.75 8020.895 8 

Instructional / Training 2716.34 4360.792 300 

Law Enforcement 5727.00 5546.865 18 

Logging 7000.00 . 1 

Offshore 9547.00 6579.023 10 

Personal / Private 3588.98 5291.070 173 

Utilities Patrol / 

Construction 

8742.00 7532.056 6 

All Mission Types 4677.26 6178.908 828 
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Figure 52. Box and whisker plot showing the median and interquartile range of the total 

aircraft flight hours for pilots that were in accidents of each mission type. 

 

A two-way analysis of variance (ANOVA) was conducted that examined the effect 

of mission types on total aircraft flight hours. There was a statistically significant effect of 

mission type on the total aircraft flight hours of pilots flying those missions. F(14, 813) = 

7.333, p < 0.001. Examination of Figure 52 shows that pilots flying instructional / training 

and personal / private mission types have fewer total flight hours than most other mission 

types. Pilots flying utilities patrol and firefighting mission types had greater total aircraft 

flight hours than the pilots flying other mission types. 

6.3.5.6 Mission Type with Pilot Certificates and Ratings 

The percentages of accidents within mission types in which pilots hold specific 

ratings and certificates are shown in Table 53. The majority of pilots in accidents for each 
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mission type held their helicopter aircraft rating. Less than half of all pilots in each 

mission type had their air transport rating. The mission types in which the greatest 

number of pilots had their air transport ratings was HAA and off shore operations. In all 

mission types except for personal / private, over half of pilots involved in accidents had 

their commercial certificate. Aerial application, law enforcement, and air / tour accidents 

had the highest percent of accidents with their commercial certificate. The greatest 

percentage of pilots with helicopter instrument ratings were involved in HAA and 

offshore helicopter accidents. 

 

Table 53. Percent of pilots that held ratings and certificates by accidents for mission 

types. 

Mission Helicopter 

Air 

Transport Commercial 

Flight 

Instructor 

Helicopter 

Instrument 

Rating 

  Not Determined 80.0%  100.0% 80.0% 100.0% 

Aerial Application 92.5% 10.8% 95.7% 37.6% 41.9% 

Aerial Observation 91.8% 12.2% 87.8% 34.7% 53.1% 

Air Tour/Sightseeing 100.0% 7.7% 92.3% 61.5% 46.2% 

Business 90.0% 30.0% 64.0% 42.0% 56.0% 

Commercial 91.3% 26.1% 73.9% 34.8% 69.6% 

Emergency Medical 

Services 

92.1% 44.7% 71.1% 34.2% 92.1% 

External Load 100.0% 21.7% 82.6% 39.1% 60.9% 

Firefighting 77.8% 33.3% 77.8% 55.6% 55.6% 

Instructional / Training 74.1% 10.4% 61.1% 51.3% 49.4% 

Law Enforcement 85.0% 15.0% 95.0% 50.0% 65.0% 

Logging 100.0%     

Offshore 90.0% 40.0% 80.0% 10.0% 90.0% 

Personal / Private 82.0% 10.4% 43.2% 15.8% 15.3% 

Utilities Patrol / 

Construction 

100.0% 33.3% 83.3% 66.7% 50.0% 

Total 83.2% 15.1% 66.4% 38.7% 46.3% 
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Meteorological Conditions with Helicopter Instrument Ratings 

Table 54 shows the percentage of pilots with helicopter instrument ratings that 

were involved in IMC and VMC accidents. The percentage of pilots with helicopter 

instrument ratings appears to be similar between IMC and VMC accidents. 

 

Table 54. Percentage of pilots with helicopter instrument ratings involved in IMC and 

VMC accidents. 

Meteorological Condition 

Helicopter Instrument 

Rating 

Total No Yes 

  Not Determined  100.0% 100.0% 

Instrument Meteorological Conditions 

(IMC) 

51.7% 48.3% 100.0% 

Visual Meteorological Conditions 

(VMC) 

53.8% 46.2% 100.0% 

Total 53.7% 46.3% 100.0% 

 

Meteorological Condition with Time of Day 

Table 55 shows the breakdown of IMC and VMC accidents by the time of day in 

which they occurred. The majority of VMC accidents occurred during the day. While 

50.0% of IMC accidents occurred at night. 

 

Table 55. Percentage of IMC and VMC accidents by time of day. 

Meteorological Condition 

Day/Night 

Total Dawn Day Dusk Night 

  Not Determined    100.0% 100.0% 

Instrument 

Meteorological 

Conditions (IMC) 

 

42.9% 7.1% 50.0% 100.0% 

Visual Meteorological 

Conditions (VMC) 

1.4% 89.3% 1.5% 7.9% 100.0% 

Total 1.3% 87.3% 1.7% 9.7% 100.0% 
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6.3.5.7 Meteorological Conditions with Phase of Flight 

The percent of accidents broken down by each phase of flight that occurred in IMC 

and VMC conditions are shown in Table 56. While the majority of all accidents in each 

phase of flight occurred in VMC conditions, en route accidents occurred in IMC conditions 

more frequently than in any other phase of flight. 

 

Table 56. Percentages of accidents broken down by phase of flight that took place in IMC 

and VMC conditions. 

Phase of Flight 

Meteorological Conditions  

Not Determined IMC VMC Total 

 Air Taxi  5.9% 94.1% 100.0% 

Approach  2.7% 97.3% 100.0% 

En route 0.8% 14.2% 85.0% 100.0% 

Initial Climb  8.6% 91.4% 100.0% 

Landing  2.0% 98.0% 100.0% 

Maneuvering  0.7% 99.3% 100.0% 

Standing   100.0% 100.0% 

Takeoff  1.7% 98.3% 100.0% 

Total 0.1% 4.1% 95.8% 100.0% 

 

6.3.5.8 Phase of Flight with Time of Day 

Table 57 shows that the majority of all accidents for each phase of flight occurred 

during the day. Of note, 23.3% of accidents occurring en route took place at night. 
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Table 57. Percentages of accidents broken down by phase of flight that occurred during 

each time of day. 

 

Time of Day 

Total Dawn Day Dusk Night 

Phase of 

Flight 

Air Taxi  94.1%  5.9% 100.0% 

Approach 1.4% 79.7% 1.4% 17.6% 100.0% 

En route 4.2% 69.2% 3.3% 23.3% 100.0% 

Initial Climb  88.6%  11.4% 100.0% 

Landing  96.0% 2.0% 2.0% 100.0% 

Maneuvering 1.1% 92.5% 1.9% 4.5% 100.0% 

Standing  90.0%  10.0% 100.0% 

Takeoff  91.4%  8.6% 100.0% 

Total 1.3% 87.3% 1.7% 9.7% 100.0% 

 

Phase of Flight with Total Aircraft Flight Hours 

Table 58 shows the mean and standard deviation of pilot’s total aircraft flight hours 

for accidents occurring during each phase of flight. Figure 53 shows a box and whisker 

plot depicting the median total aircraft flight hours and the interquartile ranges for pilots in 

accidents broken out by phase of flight in which the accident occurred.  

 

Table 58. Mean and standard deviation of pilot total aircraft flight hours for the phases 

of flight in which accidents were initiated. 

Phase of Flight Mean Std. Deviation N 

Air Taxi 3332.89 4451.664 20 

Approach 4279.37 5089.018 96 

En route 4817.62 5664.245 128 

Initial Climb 8860.15 9187.670 39 

Landing 4950.47 6984.727 130 

Maneuvering 4081.47 5602.455 331 

Standing 5939.17 6946.898 21 

Takeoff 4981.68 6880.960 63 

Total 4677.26 6178.908 828 
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Figure 53. Box and whisker plot showing the median and interquartile range of the total 

aircraft flight hours for pilots involved in accidents occurring in each phase of flight. 

 

A two-way analysis of variance (ANOVA) was conducted that examined the effect 

of phase of flight on total aircraft flight hours. There was a statistically significant effect of 

phase of flight on the total aircraft flight hours of pilots involved in accidents, F(7, 820) = 

3.448, p = 0.001. Examination of Figure 53 shows that pilots involved in accidents 

occurring during initial climb had a wider range of flight hours than any other phase of 

flight. 

 

6.4 Discussion 

Study 3 sought to identify if particular flight and pilot characteristics had an effect 

on the types of errors (i.e., HFACS classifications) that resulted in accidents. When 

possible, statistical tests were conducted across all possible categories within a flight or 

pilot characteristic. When such tests were not possible, statistical tests were applied to pairs 

of categories within a flight characteristic. 
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6.4.1 HFACS Classifications 

Unsafe acts accounted for the majority (61.9%) of classifications, with skill-based 

errors accounting for 832 (4.8%) of the 1,991 classifications. The large number of unsafe 

acts, and particularly skill-based error classifications, is consistent with what has been seen 

when others have applied HFACS to helicopter and fixed-wing accident reports. Prior 

studies found that unsafe acts were in 56% (European Helicopter Safety Team, 2010) to 

80% (Majumdar et al., 2009) of helicopter accident reports analyzed. While skill-based 

errors were identified in 85% of the 691 accident reports analyzed within this study, skill-

based errors were found in only 68.7% of Taiwanese helicopter accidents analyzed by Liu 

et al. (2013). Other studies have found the majority of unsafe acts were decision errors 

(European Helicopter Safety Team, 2010; Liu et al., 2013; Majumdar et al., 2009). 

Interestingly, the majority of studies that applied HFACS to fixed-wing accidents found 

greater numbers of skill-based errors than decision errors (Gaur, 2005; Li & Harris, 2006; 

Wiegmann & Shappell, 2001a). This discrepancy may be a result of the difficulty in 

discriminating between skill-based error and decision errors with the limited information 

provided within NTSB helicopter accident reports.  

Prior studies found perceptual error classifications in 5.8% (Majumdar et al., 2009) 

to 28.9% (Liu et al., 2013) of accidents; consistent with prior studies, the current study 

found perceptual errors in 6.8% of reports. In order for an error to be classified as 

perceptual, conditions must exist to degrade a pilot’s perceptual senses; this explains the 

relatively small number of reports that have perceptual errors.  

Consistent with Majumdar et al. (2009), violations were present in only a very small 

number of accidents. The number of violations found in this study was notably lower than 

the 13% identified by EHST (2010) and 20.5% identified by Liu et al. (2013). It is difficult 

to explain the large variation in violations between studies, but the countries in which 

helicopter operations take place may have influenced the outcome since no other helicopter 

studies have used a set of United States helicopter accident reports. 

Nearly a third of causal factors were classified as preconditions for unsafe acts; the 

majority of preconditions for unsafe acts were further classified as physical environment 

factors. While classifications for physical environment were in 46% of reports analyzed, 
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they were only identified in 15% of EHST (2010) accidents. The larger percent of accident 

reports with physical environment classifications could be explained by the different 

missions performed by helicopters in Europe and the United States. A study that analyzed 

523 fixed-wing accidents found that only 14.1% of accidents had a classification of 

physical environment (Li & Harris, 2006); this may suggest that helicopters are more 

susceptible to environmental factors. Common physical environment factors that were 

found from the set of 691 accident reports included wires, trees, flat light, glare, and dark 

conditions. 

Less than three percent of the 1,991 HFACS classifications were related to unsafe 

supervision. EHST (2010) identified 18% of accidents in which unsafe supervision played 

a role while Majumdar et al. (2009) found that 12 – 14% of accidents included unsafe 

supervision. The large discrepancy in the number of unsafe supervision classifications 

between studies (that were conducted in different countries) may be a result of the level of 

detail captured within accident reports. NTSB investigators did not travel to the accident 

site for the vast majority of accidents within the accident set, however when investigators 

did travel to the accident site, unsafe supervision and organizational influences were 

commonly identified. Of the unsafe supervision classifications made, the majority were 

further classified as inadequate supervision. Sixty percent of inadequate supervision 

classifications were related to a flight instructor’s inadequate monitoring of a student pilot. 

Four of the nine supervisory violation classifications were related to a flight instructor 

violating standard operating procedures during a training flight. 

Very few organizational influences were found, which is consistent with the 

findings from other studies (European Helicopter Safety Team, 2010; Majumdar et al., 

2009). The majority of organizational influences identified were further classified as issues 

of organizational process related to lack of and adequacy of policies and procedures. 

6.4.2 Mission Type 

Personal / private, instructional / training, and aerial application mission types 

accounted for the greatest number of errors. The breakdown of accident reports by mission 

type is consistent with the findings of the 2010 U.S. JHSAT report. Interestingly, the 

percentage of accidents by primary mission differs drastically from accidents occurring in 
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Canada where personal / private flights account for only 2% of accidents while external 

load operations account for 15% of accidents (Canadian Joint Helicopter Safety Analysis 

Team, 2007). The differences between the breakdown of accidents by mission type 

between countries confirms that it is difficult to draw parallels between studies performed 

in different countries. 

Table 60 summarizes the significant differences observed for each HFACS 

classification between different mission types. The columns and rows of the tables each 

show different mission types and an individual cell shows the HFACS classifications in 

which a significant difference between a mission type pair occurs. The HFACS 

classifications have been abbreviated to fit within the table. Skill-based errors are 

represented as ‘SBE’, decision errors are represented as ‘DE’, and perceptual errors are 

shown as ‘PE’. Adverse mental state and adverse physiological states are shown as ‘AMS’ 

and ‘APS’ respectively. 

 

Table 59 provides a summary of the findings of the chi-square tests that were used 

to determine if the probabilities of HFACS classifications were equal between mission 

types. chi-square tests could not be performed for three of the mission types due to 

expected frequencies less than five. For the mission types in which chi-square tests were 

performed, the probabilities of some HFACS classifications were significantly higher 

than others for all mission types except within firefighting accidents.  

The table also includes the top three most commonly observed classifications in 

each mission type. Skill-based errors, physical environment, and decision errors were most 

commonly the top three classifications observed for mission types. 

Table 60 summarizes the significant differences observed for each HFACS 

classification between different mission types. The columns and rows of the tables each 

show different mission types and an individual cell shows the HFACS classifications in 

which a significant difference between a mission type pair occurs. The HFACS 

classifications have been abbreviated to fit within the table. Skill-based errors are 

represented as ‘SBE’, decision errors are represented as ‘DE’, and perceptual errors are 
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shown as ‘PE’. Adverse mental state and adverse physiological states are shown as ‘AMS’ 

and ‘APS’ respectively. 

 

Table 59. Summary of HFACS classifications by mission type. 

Mission Type 
Significant 

Difference? 

Most 

Common 

Second Most 

Common 

Third Most 

Common 

Aerial 

Application 

Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Aerial 

Observation 

Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Air 

Tour/Sightseeing 

Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Business Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Commercial Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Emergency 

Medical Services 

Yes Physical 

environme

nt 

Skill-based 

errors 

Decision 

errors 

External Load Yes Skill-based 

errors 

Physical environment / 

Decision errors 

Firefighting No Skill-based 

errors 

Physical environment / 

Decision errors 

Instructional / 

Training 

Yes Skill-based 

errors 

Decision 

errors 

Physical 

environment 

Law Enforcement Yes Skill-based 

errors 

Decision 

errors 

Physical 

environment 

Logging N/A Skill-based 

errors 

N/A N/A 

Offshore N/A Skill-based errors / Physical 

environment 

Technological 

environment 

Personal / Private Yes Skill-based 

errors 

Physical 

environment 

Decision 

errors 

Utilities Patrol / 

Construction 

N/A Skill-based errors / Physical 

environment 

Adverse 

Mental State 
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Table 60. Summary of significant differences between mission types. See text for abbreviations. 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal / 

Private 

Utilities Patrol / 

Construction 

Aerial Application   DE   

 SBE 

 DE 

 PE 

 SBE 

 DE 

 PE 

 APS 

 DE 

 TEnv 
 

 DE 

 TEnv 

 PEnv 

 DE   
 DE 

 AMS 
 

Aerial Observation      
 SBE 

 PE 
 TEnv  

 TEnv 

 PEnv 
 OProc   OProc   

Air Tour/Sightseeing               

Business      
 SBE 

 DE 

 DE 

 TEnv 
 

 DE 

 PE 

 EV 

 PEnv 

 APS 

 ISup 

 OProc   OProc   

Commercial         

 SBE 

 DE 

 PE 

 TEnv 

 PEnv 

 APS 

 ISup 

     

Emergency Medical 

Services (HAA) 
      

 SBE 

 TEnv 
 

 SBE 

 PE 

 EV 

 PEnv 

 APS 

 RMan 

   

 SBE 

 PE 

 TEnv 

 AMS 

 RMan 

 

External Load         
 TEnv 

 PEnv 
     

Firefighting         
 TEnv 

 RMan 
   

 AMS 

 RMan 
 

Instructional / 

Training 
          RMan  

 EV 

 TEnv 

 PEnv 

 RMan 

 DE 

 PE 

 TEnv 

 PEnv 

 APS 

 ISup 

 PEnv 

Law Enforcement              RMan  

Logging               

Offshore              RMan  

Personal / Private               

Utilities Patrol / 

Construction 
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Accidents occurring during helicopter air ambulance (HAA) flights were 

significantly less likely to have one or more skill-based errors than accidents occurring 

during aerial observation, business, external load operation, instructional / training, and 

personal / private flights. Commercial accidents were significantly less likely to have one 

or more skill-based errors than accidents occurring in aerial application or instructional / 

training mission types. Of note, HAA and commercial flights operate under Part 135 FARs 

while aerial application, business, instructional / training, and personal / private mission 

types operate under FAR 91. Part 135 operations have more stringent regulations than 

missions operating under Part 91 which could possibly influence skill-based error. 

Accidents occurring during aerial application flights were significantly less likely 

to include one or more decision errors than accidents with mission types of aerial 

observation, commercial operation, HAA, external load, instructional / training, law 

enforcement, and personal / private. Instructional / training accidents were more likely to 

have decision errors than accidents occurring for business, commercial, and personal / 

private mission types. Decision errors occurring during training flight accidents were most 

commonly associated with the flight instructor’s delayed action in selecting to take control 

of the helicopter. 

Accidents for HAA missions were significantly more likely to have one or more 

perceptual errors than aerial application, aerial observation, instructional / training, and 

personal / private accidents. The pressure for HAA pilots to travel to a patient’s location 

and safely transport them to hospitals may lead the pilots to accept missions at night and 

with less than ideal weather, both of which can challenge visual perception and lead to 

disorientation. Accidents occurring for commercial flights were more likely to have 

perceptual errors than instructional / training and aerial application flights. From Study 1, 

it is known that Commercial flights often take place in remote areas and helicopters 

sometimes wait on site, which leaves them susceptible to ever changing weather throughout 

the course of the day or night. Agricultural operations (i.e., aerial application) as well as 

instructional / training flights are often performed when the weather is more favorable (i.e., 

day time hours with VMC). 
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Instructional / training flight accidents were significantly less likely to have 

exceptional violations than accidents for business, HAA, and offshore mission types. The 

majority of violations during training flights were made by the flight instructor and were 

classified as supervisory violations. 

Not surprisingly, external load accidents had significantly more technological 

environment classifications than aerial application, aerial observation, business, HAA, and 

training accidents; this makes sense since external loads depend on additional technologies 

compared to other mission types. Accidents done while training had significantly fewer 

technological environment errors than aerial application, aerial observation, commercial, 

offshore, and personal flight accidents. Training flights are often conducted in smaller, 

simpler aircraft, where less can go wrong technically. When suggesting mitigation 

strategies, extra attention should be made to any missions that require additional 

technology use than is standard across missions.  

Similar to perceptual errors, physical environment was significantly less of a factor 

in instructional / training accidents than in accidents for aerial application, aerial 

observation, business, commercial, HAA, external load, offshore, personal / private, and 

utilities patrol mission types. This is not surprising since instructional / training flights 

often occur close to airports and in good weather.  

Adverse physiological state classifications followed a similar trend to perceptual 

errors and physical environment classifications. Accidents occurring on training flights 

were significantly less likely to have one or more adverse physiological state classifications 

than accidents with business, commercial, HAA, and personal / private flights. The 

majority of adverse physiological state classifications were given to spatial disorientation 

causal factors which more commonly occur at night and in bad weather. Several of the 

adverse physiological state classifications were provided to causal factors associated with 

the side effects of over the counter medication. 

Accidents during personal / private flights were significantly less likely to have one 

or more adverse mental state classifications than aerial application, HAA, and firefighting 

accidents. Adverse mental state classifications were often related to loss of vigilance, 

distraction, and complacency. Aerial application, HAA, and firefighting mission types are 
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flown by professional pilots who fly more frequently than private pilots. Day-to-day 

operations may lead to complacency, but the demands of the professional pilot’s job may 

also add distraction into the environment. 

Accidents occurring during training flights were more likely caused by inadequate 

supervision than accidents occurring for business, HAA, and personal / private flights. 

Since the majority of inadequate supervision classifications were given for flight 

instructor’s failure to monitor student pilots, it makes sense that training accidents would 

account for the greatest number of inadequate supervision classifications. 

HAA, firefighting, law enforcement, and offshore accidents were significantly 

more likely to include one or more resource management classifications than accidents 

occurring during personal or training flights. Accidents for law enforcement and offshore 

mission types were also significantly more likely to have one or more organizational 

process classifications than accidents for aerial observation and business mission types. 

The differences in organizational influence classifications suggest that the size of 

companies flight departments may impact the types of errors that occur. 

From the results we can confidently say that mission type has a significant effect 

on the types of errors that occur that lead to accidents. 

6.4.3 Phase of Flight 

The greatest number of accidents across mission types, 38.8%, occurred when 

maneuvering. A study focused only on external load operations in the United States for 

that 35% of accidents occurred when hovering and 23% of accidents occurred when 

maneuvering (Manwaring et al., 1998), within the current study hover and maneuver tasks 

both fell within the maneuvering phase of flight. Accidents (across all mission types) 

occurring during the en route and landing phases of flight accounted for 17.4% and 14.3% 

of accidents respectively. Hinkelbein et al. (2011) found that 44.4% of accidents occurred 

during landing and 16.3% of accidents occurred while en route, but the study was limited 

to HAA accidents in Germany. We cannot infer the likelihood of an accident in each phase 

of flight since we do not know the total flight hours that helicopters operate in each phase 

of flight. 
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Table 61 provides a summary of the findings of the chi-square tests that were used 

to determine if the probabilities of HFACS classifications were equal within each phase of 

flight. Some HFACS classifications were significantly more likely to occur than other 

classifications for all phases of flight.  

The table also includes the top three most commonly observed classifications 

within each phase of flight. Skill-based errors were the most frequently observed 

classification in all phases of flight. Classifications of physical environment and decision 

errors were the second and third most common classifications in all phases of flight. 

Adverse mental state classifications tied decision errors for the third most common 

classifications observed while standing, this is most likely because pilots were distracted 

by other tasks, people, and technology during standing operations. 

 

Table 61. Summary of HFACS classifications by phase of flight. 

Phase of 

Flight 

Significant 

Difference? 
Most Common 

Second Most 

Common 

Third Most 

Common 

Air Taxi Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

Approach Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

En Route Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

Initial Climb Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

Landing Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

Maneuverin

g 

Yes Skill-based 

errors 

Physical 

environment 

Decision errors 

Standing Yes Skill-based 

errors 

Physical 

environment 

Decision errors / 

Adverse mental 

state 

Takeoff Yes Skill-based 

errors 

Physical 

environment 

Decision errors 
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 Table 62 summarizes the significant differences observed for each HFACS 

classification between different phases of flight. 

Table 62. Summary of significant differences between phases of flight. See text for 

abbreviations. 

  
Air 

Taxi 
Approach 

En 

Route 

Initial 

Climb 
Landing Maneuvering Standing Takeoff 

Air Taxi    DE   DE     

Approach    

 SBE 

 TEnv 

 APS 

 ISup 

 SBE   ISup 
 SBE 

 AMS 
 

En Route      

 SBE 

 PE 

 TEnv 

 APS 

 ISup 

 SBE 

 PE 

 TEnv 

 APS 

 RMan 

 AMS  APS 

Initial Climb       SBE 

 SBE 

 RV 

 APS 

 RMan 

 OCli 

 DE  

Landing        
 SBE 

 AMS 
 

Maneuvering         SBE 

 AMS 

 RV 

 CRM 

Standing          AMS 

Takeoff                

 

Accidents occurring during approach, landing, and maneuvering were significantly 

more likely to experience at least one skill-based error than accidents occurring while en 

route, during initial climb, and when standing. The increased likelihood of skill-based error 

could be caused by the increased need for precise helicopter control when conducting flight 

operations close to the ground. 

Accidents initiated on approach and during initial climb had more decision errors 

than those occurring during air taxi. Accidents occurring during initial climb also had 

significantly more instances of one or more decision errors than those occurring during the 

standing phase of flight. 

One or more perceptual errors were significantly more likely in accidents occurring 

while en route than those occurring when landing or maneuvering. Because perceptual 
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errors are only encountered when perceptual senses are degraded, the higher likelihood of 

perceptual errors while en route can be explained by the increased likelihood of adverse 

weather at higher altitudes that would normally be encountered when en route. 

Accidents occurring during takeoff and initial climb were significantly more likely 

to have one or more routine violations when compared to accidents during the maneuvering 

phase of flight. 

Accidents occurring while en route were significantly more likely to have one or 

more technological environment classifications than those occurring during approach, 

landing, and maneuvering phases of flight. Surprisingly, there were no significant 

differences in the likelihood of physical environment classifications between phases of 

flight. Future research should further explore this area to determine if certain factors of the 

physical environment (e.g., wind, trees, wires, light conditions) are more likely in some 

phases of flight than others. 

Adverse mental state classifications were more likely when standing than in 

approach, enroute, landing, maneurvering, and takeoff phases of flight. When the 

helicopter is standing additional distractions (e.g., people, cellphones, etc.) may be 

introduced that are not in the cockpit during phases of flight in which the helicopter is in 

the air. 

One or more adverse physiological state classifications were more likely in 

accidents occurring when en route than accidents occurring when on approach, landing, 

maneuvering, and taking off. When helicopters are en route they are generally flying at 

higher altitudes and at faster speeds than in the other phases of flight. Conditions 

experienced en route are more likely to be associated with high winds and decreasing cloud 

layers which could lead to spatial disorientation (which was classified as an adverse 

physiological state). Accidents during initial climb also had significantly more adverse 

physiological state classifications than accidents occurring when maneuvering.  

Errors in crew resource management (CRM) were significantly more likely in 

accidents during takeoff than those while maneuvering. CRM classifications were most 

commonly associated with inadequate communication between crew members (both in and 
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out of the cockpit), several of the CRM classifications were related to failures of 

communicating who had control of the helicopter during takeoff. 

One or more inadequate supervision classifications, most commonly seen in 

training accidents, were significantly more likely to occur on approach and landing than 

when en route. Additionally, inadequate supervision classifications were more likely to 

occur on approach than when maneuvering. From an interview conducted in Study 1, flight 

instructors tend to spend more time practicing approaches and landings than en route 

flying, thus it makes sense that more instances of inadequate supervision would be seen 

during those phases of flight. 

Classifications of resource management and organizational climate were more 

likely to occur in accidents initiated during the initial climb than those occurring during the 

maneuvering phase of flight. Resource management classifications were also more likely 

in accidents occurring when en route than those occurring when maneuvering. 

From the results we can conclude that phase of flight has a significant effect on the 

types of errors that occur that lead to accidents. 

6.4.4 Meteorological Conditions 

The majority of accidents, 95.8%, occurred during visual meteorological conditions 

(VMC). Accidents in VMC conditions were significantly more likely to have one or more 

skill-based errors while accidents in IMC conditions were significantly more likely to have 

at least one decision error and perceptual error. The higher likelihood of skill-based during 

VMC may be due to the sheer number of flights that occur during day conditions and in 

good weather. A portion of decision errors were attributed to pilots’ decisions to not check 

weather before a flight, to accept a flight despite poor weather conditions, and to continue 

en route despite decreasing visibility, all of which might explain the significant difference 

in the likelihood of decision errors in IMC conditions. 

Accidents occurring in IMC were also more likely to have one or more physical 

environment, adverse mental state, and adverse physiological state classifications. 

Organizational process classifications were also significantly more likely in IMC 

conditions. The increased likelihood of physical environment classifications can be 

explained by high wind and low visibility environmental conditions that are commonly 
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associated with IMC conditions. Since reduced visibility is guaranteed with IMC 

conditions, the increased likelihood of adverse mental state classifications from spatial 

disorientation can be logically deduced. 

Organizational process classifications were also more likely in IMC accidents. 

Since many organizational process classifications were related to adequacy of policies and 

procedures, the significant effect of IMC conditions on the classification may suggest that 

operators need stronger policies and procedures regarding flights in IMC. 

From the results we can conclude that meteorological conditions have a significant 

effect on the types of errors that occur which lead to accidents. 

6.4.5 Time of Day 

As seen in many other studies (Air Safety Institute, 2010; Bledsoe, 2015; de Voogt, 

2011), the majority of accidents occurred during the day because most helicopter 

operations occur during the day. There was a significant difference between the likelihood 

of HFACS classifications occurring during the day, at dusk, and at night. Skill-based errors, 

physical environment, and decision errors were the three most common classifications 

during all times of day. 

Skill-based errors were significantly more likely in accidents occurring during the 

day than at night or at dusk. Like in VMC conditions, the higher likelihood of skill-based 

errors during the day could be explained by the vast majority of flights and accidents 

occurring during daytime hours. 

Classifications for perceptual errors, physical environment, adverse mental state, 

adverse physiological state, and physical / mental limitations were significantly more likely 

in accidents occurring at night than those occurring during the day. At night visual acuity 

decreases (i.e., a physical / mental limitation), which can lead to spatial disorientation (i.e., 

an adverse physiological state) and make it more difficult to see (i.e., perceptual error) 

items in the external environment (i.e., physical environment).  Many of the adverse mental 

state classifications that occurred at night were related to fatigue and lack of sleep. 

One or more classifications for organizational climate and organization processes 

were significantly more likely to occur in accidents occurring at night than in the day. 
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Additionally, one or more classifications of personal readiness were more likely to be 

present in accidents at dawn than those during the day. 

From the results we can conclude that time of day has a significant effect on some 

of the error classifications that lead to accidents. 

6.4.6 Number of Pilots 

The number of pilots was found to have a significant effect on many HFACS 

classifications. Accidents with only one pilot were significantly more likely to have one or 

more classifications for perceptual errors, technological environment, physical 

environment, and adverse mental state. One or more skill-based errors and decision errors 

were more likely in accidents with a two pilot crew. As one would expect, classifications 

related to supervision (i.e., inadequate supervision and supervisory violations) and 

communications (i.e., crew resource management) were more likely in crews of more than 

one pilot. In short, the number of pilots does have an effect on the likelihood of certain 

HFACS classifications causing an accident. 

6.4.7 Pilot Age 

Pilot age was found to have a significant effect on the likelihood of certain HFACS 

classifications. Younger pilots were significantly more likely to experience one or more 

decision errors and classifications of inadequate supervision. Older pilots were more likely 

to experience perceptual errors, technological environment, physical environment, adverse 

mental state, adverse physiological state, and personal readiness classifications. It may be 

that older pilots (those over the age of 25) have more experience and are completing more 

challenging missions in more complex physical and technological environments than 

younger pilots who are still students (but this cannot be definitively known). 

6.4.8 Total Aircraft Flight Hours 

Total flight hours had a significant effect on the likelihood of decision errors, 

physical environment, adverse mental state, and inadequate supervision classifications. 

Pilots with less experience were more likely to have one or more decision error and 

inadequate supervision classifications; both classifications were commonly seen in 

instructional flights. Pilots with more experience were more likely to be in accidents with 

one or more physical environment and adverse mental state classifications than those with 
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low flight hours. For the classifications in which flight hours had a significant effect, flight 

hours accounted for 0.8% to 3.2% of the variance of the classification. 

6.4.9 Total Aircraft Flight Hours in the Last 90 Days 

The vast majority of classifications were not affected by the total flight hours in the 

last 90 days. Only physical / mental limitation classifications were found to be significantly 

more likely for pilots with lower number of recent flight hours; the classifications were 

most commonly linked to the pilot’s inadequate experience for the complexity of the 

situation. 

6.4.10 Total Flight Hours on the Make / Model of Aircraft 

Most classifications were not affected by the pilot’s total flight hours on the make 

and model of the accident aircraft. Only decision errors and inadequate supervision 

classifications were found to be significantly more likely for pilots with less experience on 

the accident aircraft.  

6.4.11  Pilot and Aircraft Certificates 

Using chi-square tests, it was determined that the majority of HFACS 

classifications were not significantly affected by pilot certificates and ratings. A summary 

of the chi-square tests findings is shown in Table 63.  
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Table 63. Summary of significant differences on HFACS classifications for various pilot certificates and ratings. 

HFACS Classification Helicopter Commercial Air Transport 
Flight 

Instructor 

Helicopter Instrument 

Rating 

Unsafe Acts      

Errors      

Decision Errors Yes (-) No No No No 

Skill-Based Errors No No Yes (-) No No 

Perceptual Errors No No No No No 

Violations      

Routine Violations No No No No No 

Exceptional Violations No No No No No 

Preconditions for Unsafe Acts      

Environmental Factors      

Technological Environment No No No No Yes (-) 

Physical Environment Yes (+) No No No No 

Condition of Operators      

Adverse Mental State No Yes (+) Yes (+) No No 

Adverse Physiological State No No No No No 

Physical/Mental Limitations No Yes (-) No No No 

Personnel Factors      

Crew Resource Management No, EF < 5 No No, EF < 5 No No 

Personal Readiness No, EF<5 No No, EF < 5 No, EF<5 No 

Unsafe Supervision      

Inadequate Supervision Yes (-) No No No No 

Planned Inappropriate Operations No, EF<5 No No, EF<5 No, EF<5 No, EF<5 

Failed to Correct Known Problems N/A N/A N/A N/A N/A 

Supervisory Violation No, EF<5 No No, EF<5 No No, EF<5 

Organizational Influences      

Resource Management No, EF<5 No No, EF<5 No No 

Organizational Climate No, EF<5 No, EF<5 No, EF<5 No, EF<5 No, EF<5 

Organizational Process No, EF<5 Yes (+) Yes (+), EF<5, FET No Yes (+) 

(-) means that having the rating reduced the likelihood of the classification
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Pilots with a helicopter rating were less likely to have decision errors and instances 

of inadequate supervision than those without helicopter ratings. Helicopter ratings suggest 

additional helicopter experience and knowledge of procedures which could reduce the 

likelihood of decision errors.  Pilots with helicopter ratings were more likely to be in 

accidents with physical environment classifications, but this may be associated with the 

nature of the missions they were performing. 

Accidents in which pilots had commercial certificates or airline transport ratings 

were more likely to have one or more adverse mental state and organizational process 

classifications than accidents in which pilots did not have such qualifications. Pilots with 

commercial certificates were less likely to encounter physical / mental limitations; this was 

most likely a result of their higher level of aviation knowledge. Pilots with air transport 

ratings were involved in significantly less accidents that had skill-based errors than those 

without air transport ratings. 

Accidents in which pilots had helicopter instrument ratings were more likely to 

have one or more organizational process classifications than accidents in which pilots did 

not have such qualifications. Pilots with helicopter instrument ratings were less likely to 

encounter problems with technological environment. 

Flight instructor ratings did not have a significant effect on the likelihood of 

HFACS classifications. 

6.4.12 Interactions 

Research question 3.3, regarding the effect of pilot and flight characteristic 

interactions on HFACS classifications, could not be calculated due to the limited number 

of observations within each interaction, thus violating assumptions of parametric and non-

parametric tests. The observed interactions were still used to provide possible explanations 

as to why certain HFACS classifications occurred in some mission types and phases of 

flight than others.  

6.5 Conclusion 

Using odds ratios, chi-square tests, and logistic regression Study 3 determined that 

flight and pilot characteristics affect the likelihood of errors. Mission type, phase of flight, 

and the number of pilots in a crew have significant effects on the types of errors that occur 
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and lead to an accident. Characteristics of the external environment including time of day 

and meteorological conditions also have a significant effect on error classifications. 

Pilot characteristics including age, total flight hours, experience on the make and 

model of aircraft, and qualifications (i.e., pilot certificates and ratings) also affect the 

likelihood of different errors. Going forward, further work should be done to understand 

the interactions of flight and pilot characteristics on helicopter accident outcomes including 

accident severity and the types of errors that lead to the accidents. 
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7 Discussion 

 

7.1 General Discussion 

The primary objective of this research was to determine if and how mission types 

differed from one another based on the tasks that are performed and the types of errors that 

lead to accidents.  

7.1.1 Identifying Shared and Unique Tasks of Mission Types 

Through pilot interviews and then the development and comparison of HTA models 

for helicopter air ambulance, maritime search and rescue, and charter mission types it was 

determined that missions share many tasks related to flight requests and flight planning. 

The three missions also shared similar tasks when departing their base location and 

traveling en route. The shared tasks allow for common mitigation strategies to be applied 

across the mission types.  

Similar tasks were required of HAA and Charter pilots when landing at off-airport 

locations. Pilots of both mission types announced their intent to land and were required to 

assess the terrain, surface conditions, and any obstacles in the landing area. Approximately 

a quarter mile from the landing location, pilots perform a reconnaissance hover of the 

landing zone to once again reassess the landing location.  

HAA and SAR missions also required their medical crews to coordinate with their 

dispatch and onsite EMTs to gather updated information; this would have been an area for 

a shared mitigation strategy if any common errors were identified within Study 3, but no 

such errors appeared for medical crew communication. 

HAA and SAR pilots shared a common task of transporting patients to hospitals, 

but only one error within Study 3 was identified within proximity to a hospital helipad. 

Within the three mission types that were explored, all missions followed similar tasks when 

departing from a location and returning to their base location.  

 Comparison of the HTA models also identified differences between missions. The 

three mission types that were assessed all fell within Part 135 FARs, but were composed 

of diverse types of crews. Charter operations had a crew of one pilot while HAA operations 

had a crew of one pilot, a flight nurse, and a medic. Maritime SAR operations were 
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composed of a two-pilot crew with a flight nurse, rescue technician, and hoist operator. 

The varying composition of crews introduces possibilities for issues of crew resource 

management even though this was not found within Study 3. 

Maritime SAR missions also require additional communication between pilots with 

the Master of the Vessel if a patient must be extracted from a vessel or rig.  

Communications include the size and type of vessel, what the vessel is doing, and obtaining 

information about the patient. Information about the vessel’s configuration is also 

conveyed since it can influence choices of which extraction procedure to use. Furthermore, 

maritime SAR require additional tasks related to hoisting including the determining of the 

appropriate extraction procedure for the given conditions, performing hoist calculations, 

briefing the extraction procedure, and performing the actual hoist operations. 

While there were no Maritime SAR accidents within the Study 3 report set, there 

was one accident where a boat captain was hoisted onto a ship deck that required similar 

tasks as that of Maritime SAR. In that accident, there were breakdowns in the information 

disseminated to the pilots regarding the boat layout, poor decisions about the appropriate 

location to hoist to, and environmental factors encountered. 

Through Study 1, it was determined that HTA models provide a means of enabling 

researchers to compare tasks required of different helicopter mission types. Additionally, 

it was found that many tasks within mission planning, departure, and en route phases of 

flight are shared by mission types and are open to shared vulnerabilities thus providing 

opportunities for the implementation of shared mitigation strategies. Mission types also 

have unique tasks, particularly in the approach, manoeuvring, and landing phases of flight. 

In such cases, mitigation strategies should be tailored to the needs of the mission type tasks. 

7.1.2 The Human Error Framework Best Suited for Helicopter Accident Report Analysis 

While human error frameworks have been created for other domains, and on several 

occasions used to evaluate helicopter accident reports, no studies prior to this research 

identified if these human error frameworks were appropriate for use to assess the errors 

occurring in helicopter accidents. HFACS, TRACEr, and SOAM were applied to a set of 

60 helicopter accident reports and evaluated on comprehensiveness, inter-rater reliability 

of classifications, analysts’ confidence, and application time. Prior to applying the 
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frameworks, a set of selection criteria was established for the framework that would be 

chosen and subsequently used in Study 3. The selection criteria included: (1) 70% of 

reports fit in one or more error categories, (2) there was an inter-rater reliability with a 

Cohen’s Kappa greater than 0.60, (3) the overall analyst confidence score was above 3.75 

on a scale from 1 to 5, and (4) the application time was not significantly greater than the 

other frameworks evaluated. 

HFACS was the only framework that met all four criteria and, as such, was used 

within Study 3. HFACS and SOAM both exceeded the criteria of having at least one 

classification for 70% of reports. While a better measure of comprehensiveness would be 

the percent of causal factors classified with each framework, using this was not possible 

since SOAM and TRACEr did not directly use causal factors, instead they required each 

analyst to determine error events involved in the accident.  

All three frameworks met the inter-rater reliability criterion, with a Cohen’s Kappa 

greater than 0.60. Of note, while HFACS had the highest rate of agreement prior to 

reconciliation, none of the frameworks had an acceptably high percent of agreement. 

Because TRACEr and SOAM required analysts to identity error events for each accident, 

analysts first had to agree that an error event existed before agreement on the classification 

could be reached. In the case of SOAM, prior to reconciliation the two analysts shared only 

42% of error events. 

HFACS was the only framework that met the criteria for confidence scores and 

application time. SOAM took significantly more time to apply than HFACS and TRACEr. 

TRACEr took significantly more time to apply than HFACS, likely due to the sheer number 

of taxonomies that required classification for each error event. 

7.1.3 HFACS Classifications in Helicopter Accident Reports 

Similar to other studies (European Helicopter Safety Team, 2010; Liu et al., 2013; 

Majumdar et al., 2009), Study 3 found that Unsafe Acts accounted for the majority of 

HFACS classifications within the 691 accident reports analysed. Skill-based errors were 

identified in the majority of reports and accounted for the greatest number of causal factors. 

Studies that have applied HFACS to fixed-wind and helicopter accident reports often have 

the majority of causal factors classified as skill-based errors or decision errors. The analysts 



283 

 

 

within Study 3 occasionally had difficulty determining if causal factors should be classified 

as skill-based errors or decision errors, the discrepancy between studies may further 

indicate how the two classifications could be easily confused by the research community 

given the limited information provided within NTSB helicopter accident reports. 

Consistent with prior studies, perceptual errors, routine violations, and exceptional 

violations accounted for a relatively small number of causal factors. 

Preconditions for Unsafe Acts accounted for nearly a third of causal factors in the 

report set. The majority of Preconditions for Unsafe Acts were further classified as physical 

environment factors, which were present in 46% of the reports analysed. Of note, the 

percent of causal factors that received a physical environment classification was much 

higher than that seen in studies that applied HFACS to fixed-wind accident reports (Li & 

Harris, 2006), which suggests that helicopters are much more susceptible to characteristics 

of the external environment. Common physical environment factors that were found from 

the set of 691 accident reports included wires, trees, flat light, glare, and dark conditions. 

Very few classifications of Unsafe Supervision and Organizational Influences were 

made. The majority of Unsafe Supervision classifications fell within training flights. Most 

organizational influences identified were further classified as issues of organizational 

process related to lack of and adequacy of policies and procedures. 

7.1.4 Flight Characteristics Effect on Error Classifications 

Flight characteristics found to have a significant effect on HFACS classifications 

included mission type, phase of flight, meteorological conditions, time of day, and number 

of pilots in the crew.  

Personal / private, instructional / training, and aerial application mission types 

accounted for the greatest number of errors. Skill-based errors, physical environment, and 

decision errors were most commonly the top three classifications observed for all mission 

types. Odds ratios were used to determine if the likelihood of particular HFACS 

classifications were significantly different between different mission type pairs. Significant 

differences were observed between at least one pair of mission types for the following 

HFACS classifications: skill-based errors, decision errors, perceptual errors, exceptional 

violations, technological environment, physical environment, adverse mental state, adverse 
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physiological state, inadequate supervision, resource management, and organizational 

process. 

Most accidents were initiated when completing tasks within the manoeuvring phase 

of flight. Many accidents also occurred when en route and landing. Skill-based errors were 

the most frequently observed classification in all phases of flight. Classifications of 

physical environment and decision errors were the second and third most common 

classifications in all phases of flight. Adverse mental state classifications tied decision 

errors for the third most common classifications observed while standing, this is most likely 

because pilots were distracted by other tasks, people, and technology during standing 

operations. Accidents occurring during approach, landing, and maneuvering were 

significantly more likely to involve at least one skill-based error than accidents occurring 

while en route, during initial climb, and when standing. The increased likelihood of skill-

based error could be caused by the increased need for precise helicopter control when 

conducting flight operations close to the ground. One or more perceptual errors were 

significantly more likely in accidents occurring while en route than those occurring when 

landing or maneuvering. Because perceptual errors are only encountered when perceptual 

senses are degraded, the higher likelihood of perceptual errors while en route can be 

explained by the increased incidence of adverse weather at higher altitudes that would 

normally be encountered when en route. Surprisingly, there were no significant differences 

in the likelihood of physical environment classifications between phases of flight. 

The majority of accidents occurred during visual meteorological conditions 

(VMC). Accidents in VMC conditions were significantly more likely to have one or more 

skill-based errors while accidents in IMC conditions were significantly more likely to have 

at least one decision error and perceptual error. A portion of decision errors were attributed 

to pilots’ decisions to not check weather before a flight, to accept a flight despite poor 

weather conditions, and to continue en route despite decreasing visibility, all of which 

might explain the significant difference in the likelihood of decision errors in IMC 

conditions. Accidents occurring in IMC were also more likely to have one or more physical 

environment, adverse mental state, and adverse physiological state classifications. The 

increased likelihood of physical environment classifications can be explained by high wind 
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and low visibility environmental conditions that are commonly associated with IMC 

conditions. Since reduced visibility is guaranteed with IMC conditions, the increased 

likelihood of adverse mental state classifications from spatial disorientation can be 

logically deduced. 

The majority of accidents within the report set occurred during the day. There was 

a significant difference between the likelihood of HFACS classifications occurring during 

the day, at dusk, and at night. Skill-based errors, physical environment, and decision errors 

were the three most common classifications during all times of day. Classifications for 

perceptual errors, physical environment, adverse mental state, adverse physiological state, 

and physical / mental limitations were significantly more likely in accidents occurring at 

night than those occurring during the day. At night, visual acuity decreases (i.e., a physical 

/ mental limitation), which can lead to spatial disorientation (i.e., an adverse physiological 

state) and make it more difficult to see (i.e., perceptual error) items in the external 

environment (i.e., physical environment).  Many of the adverse mental state classifications 

that occurred at night were related to fatigue and lack of sleep. 

The number of pilots was found to have a significant effect on many HFACS 

classifications. Accidents with only one pilot were significantly more likely to have one or 

more classifications for perceptual errors, technological environment, physical 

environment, and adverse mental state. One or more skill-based errors and decision errors 

were more likely in accidents with a two-pilot crew. As one would expect, classifications 

related to supervision (i.e., inadequate supervision and supervisory violations) and 

communications (i.e., crew resource management) were more likely in crews of more than 

one pilot.  

7.1.5 Pilot Characteristics Effect on Error Classifications 

Pilot characteristics were found to have a significant effect on HFACS 

classifications included pilot age, total flight hours, and pilot qualifications (i.e., certificates 

and ratings). Pilots total flight hours on the make and model of the accident aircraft did not 

significantly affect the likelihood of any HFACS classifications. 

Younger pilots were significantly more likely to experience one or more decision 

errors and classifications of inadequate supervision. Older pilots were more likely to 
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experience perceptual errors, technological environment, physical environment, adverse 

mental state, adverse physiological state, and personal readiness classifications.  

Total flight hours had a significant effect on the likelihood of decision errors, 

physical environment, adverse mental state, and inadequate supervision classifications. 

Pilots with less experience were more likely to have one or more decision error and 

inadequate supervision classifications. Pilots with more experience were more likely to be 

in accidents with one or more physical environment and adverse mental state classifications 

than those with low flight hours. Pilots with less experience of the make and model of the 

accident aircraft were significantly more likely to be in accidents where one or more 

decision error and inadequate supervision classifications occurred.  

Pilots with a helicopter rating were less likely to have decision errors and instances 

of inadequate supervision than those without helicopter ratings. Pilots with helicopter 

ratings were more likely to be in accidents with physical environment classifications, but 

this may be associated with the nature of the missions they were performing. 

Accidents in which pilots had commercial certificates or airline transport ratings 

were more likely to have one or more adverse mental state and organizational process 

classifications than accidents in which pilots did not have such qualifications. Pilots with 

commercial certificates were less likely to encounter physical / mental limitations; this was 

most likely a result of their higher level of aviation knowledge. Pilots with air transport 

ratings were involved in significantly less accidents that had skill-based errors than those 

without air transport ratings. 

Accidents in which pilots had helicopter instrument ratings were more likely to 

have one or more organizational process classifications than accidents in which pilots did 

not have such qualifications. Pilots with helicopter instrument ratings were less likely to 

encounter problems with technological environment. 

7.2 Limitations 

7.2.1 Study 1 

When reviewing the findings of Study1 it is important to keep in mind that there 

are several limitations that may have skewed results. Due to pilots’ willingness to 

participate in interviews and their limited availability, most HTA models were based on 
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interviews with just two pilots. Developing the HTA models from a small sample of 

pilots could bias the models to best explain tasks required for their companies. 

Additionally, only three HTA models were fully developed within this study, therefore 

the conclusions that have been made about tasks shared throughout missions have been 

derived from a small set of possible helicopter mission types. Also of note, all HTA 

models were made for missions that operate under FAR Part 135, which contain more 

stringent operating regulations than Part 91 mission types. 

7.2.2 Accident Report Analyses (i.e., Study 2 and Study 3) 

There are several limitations associated with accident report analysis. The 

limitation discussed most often is the occurrence of hindsight bias from the investigators 

that produce accident reports. Hindsight bias occurs when the outcome is already known, 

thus investigators assume that the probability of the outcome was higher than any 

alternative outcomes, even if that was not the case (Woods et al., 2010).  

Incomplete information contained within accident reports has also been a problem 

in past studies (European Helicopter Safety Team, 2010) and appeared to be a problem 

within Study 3. Investigators struggle to obtain all relevant information about accidents 

especially when members of the crew have died from the crash.  They tend to make some 

assumptions and have some bias about the causes of the accident. The analysts applying 

HFACS were then left to make assumptions on the deductions made by the investigators. 

Within several reports there were errors that appeared within the synopsis, but did 

not appear in the NTSB findings. There could have also been errors present, but not 

reported, within accident reports synopses. The presentation of error may not be severe 

enough to cause an accident, but it should still be considered since the error when paired 

with strong latent failures may result in an accident in the future. 

Another limitation of human error frameworks is that researchers mistake 

categorizing errors during an analysis to be the same as obtaining a deeper understanding 

of how accidents unfold (Dekker, 2003).  By categorizing errors into groups, the context 

in which the error was committed is often omitted, thus the error classification is 
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disembodied from data about why the human error occurred in the first place (Dekker, 

2003).  

Additionally, it is very difficult for investigators and researchers alike to 

distinguish between the causes of error and the consequences resulting from the error 

(Dekker, 2003). Dekker also noted that human error frameworks like to categorize human 

error by causes, but the observed error is often a result of another error, whether such 

error occurred by an individual responsible for the first level failure or by individuals that 

influence organizational policies and procedures. A different article discusses the extent 

that context influences the classification of errors and actions (Dougherty, 1990). 

There may also be a discrepancy between the errors classified as errors by pilots 

compared to errors classified as errors by researchers. Since researchers identify 

approximately twice the occurrences of human error than pilots (Croft, 2001), individuals 

within the helicopter community may believe that the information presented within 

incident and accident report analyses that use human error frameworks may be 

misleading. When researchers are reviewing such analyses and coding reports, it is 

important that a shared view of what human error means be obtained. 

7.2.3 Study 2 

The methodological design of Study 2 had its own limitations beyond the 

overarching limitations of accident report analysis studies. Each of the three frameworks 

were applied by two analysts to a set of 60 reports. One of the criteria in which frameworks 

were evaluated was analysts’ confidence. The confidence score results would be inherently 

biased by the limited number of analysts and their own internal confidence calibration. 

Furthermore, while one analyst applied all three frameworks, the second analyst assigned 

to a given framework applied only that framework, as such, the confidence calibrations of 

the second analysts were likely not equal between the frameworks which assuredly had 

some influence on the results. 

While other studies have applied human error frameworks to a report set of less 

than 60 (Baysari et al., 2009; Bledsoe, 2015; Hinkelbein et al., 2008), there was some 
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learning that occurred part way through the accident set that had the potential to impact the 

application time and confidence scores. It is not known at what point the learning curve 

leveled or if the learning curve was the same for all frameworks. 

One additional limitation of the second study was the varying methodologies of 

each framework. While HFACS required analysts to apply classifications to each of the 

NTSB-identified causal factors, TRACEr and SOAM required analysts to assess what 

errors led to each accident and to then classify each error event. Identifying error events 

required greater levels of cognitive processing by the analysts who used TRACEr and 

SOAM and likely effected the application time of the frameworks. The identification of 

error events also heavily impacted the original inter-rater reliability before reconciliation 

since analysts agreed only 42% of the time on the presence of an error event when using 

SOAM. Furthermore, evaluating the comprehensiveness of each framework was limited to 

the ability for analysts to identify at least one classification for a report since comparisons 

of classifications for causal factors could not be done (since TRACEr and SOAM did not 

classify causal factors). 

7.2.4 Study 3 

The human error framework selected (HFACS) introduced several limitations into 

the third study. The granularity of HFACS proved problematic when trying to draw 

meaningful conclusions from the data. For instance, because so many types of errors fall 

within skill-based errors, it was unclear what mitigation strategies should be proposed to 

reduce the occurrence of skill-based errors within a particular mission type or during a 

specific phase of flight. Conversely, it was sometimes difficult to determine if a causal 

factor should be classified as a skill-based error or a decision error. While skill-based errors 

are described as highly practiced or “doing” errors, decision errors are described as 

“thinking” errors that include procedural errors, poor choices, and problem-solving errors. 

The limited information within the NTSB reports made it difficult to determine if actions 

or lack of actions were intentional or accidental, which would influence the error 

classification. Similar instances of confusion existed between attention and monitoring 

causal factors; in such cases, it was sometimes unclear if the appropriate classification was 

a skill-based error or adverse mental state. 
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HFACS limits analysts to classifying the causal factors identified by the NTSB 

investigator. A commonly cited limitation of accident report analysis is the reliance on the 

information included in the accident report and the assumption that the information 

included thoroughly documents the instances leading to the accident. Within the set of 691 

reports, there were 26 instances noted where causal factors mentioned in the synopses were 

not included within the findings section. Additionally, as mentioned in Section 6.3.2, there 

were many overlapping causal factors within reports. HFACS requires that analysts code 

each causal factor; as such, the number of certain classifications, particularly skill-based 

errors, may be heavily skewed. Effort was made to remove duplicates that very clearly 

overlapped, but causal factors that may have been addressing varied factors remained. 

While other studies (Majumdar et al., 2009; Wiegmann & Shappell, 2001a) have tried to 

prevent skewing by only considering one of any given classifications per report, this could 

skew the errors negatively since it is possible to have multiples of the same classification 

that each increases the likelihood of an accident. For example, low cloud ceilings and steep 

terrain would be classified as physical environment, but an accident likely would not have 

occurred without both being present. 

One additional limitation of the third study was the analysts’ minimal knowledge 

of helicopter operations. Without thorough knowledge of the regulations and tasks required 

by pilots, analysts sometimes had a challenging time distinguishing a poor decision from a 

violation. Additionally, as mentioned by Baysari et al. (2009) it was often difficult to 

determine if pilots accidently or purposefully violated a required task. 

Additional limitations of Study 3 included the phase of flight only being 

documented once per accident and the comparison of pilot characteristics to all 

classifications made (even if the error was not made by the pilot). A single phase of flight 

allowed for easy data analysis, but then failed to capture if certain types of errors were 

more common at various times throughout the accident (e.g., at the initiation of an 

autorotation, during a flare, etc.).  

Also of note, inferences about the likelihood of accidents occurring cannot be made 

from the results presented within this research. Likelihood of accidents for different 
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mission types and in separate phases of flight cannot be determined because flight hour 

data is not available. 
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8 Conclusions 

 

8.1 Summary and General Conclusions 

As with many other complex environments, human error is at least partially 

responsible for over 80% of helicopter accidents  (U.S. Joint Helicopter Safety Analysis 

Team, 2011). Government and industry leaders determined that the helicopter accident rate 

was too high and in 2006 set a goal to reduce the international civil helicopter accident rate 

by 80% over the course of ten years (Canadian Joint Helicopter Safety Analysis Team, 

2007). Despite efforts, the industry has fallen short of their goal and only experienced a 

27% reduction of accidents in the United Sates from 2006 to 2016; the NTSB cited “the 

unique characteristics of helicopter operations” as a top concern of the transportation 

community in 2014. 

To better understand the unique characteristics of helicopter operations, this 

research was planned and executed to include three studies to determine how helicopter 

mission types differed in the tasks that are performed and the errors that led to accidents. 

The first study sought to identify if and how mission types differed from one 

another. Pilot interviews were conducted and three Hierarchical Task Analysis HTA 

models were developed. The HTA models for helicopter air ambulance and maritime 

search and rescue missions were validated. The charter HTA model is still awaiting final 

validation. Through the comparison of the three HTA models, tasks within the mission 

planning, taxi, takeoff, and en route phases of flight were found to be shared between 

missions. When tasks that are shared between the mission types are also correlated with 

similar types of errors (identified in Study 3), a shared mitigation strategy is preferred. 

However, tasks associated with a single mission type, such as those required for hoisting 

in maritime search and rescue flights, would require a specific mitigation strategy if errors 

were commonly observed for such tasks. Within Study 3 there was a single accident 

involving hoist operations in a maritime setting in which planning, inadequate policy, and 

poor communication were all key contributors.  
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The second study evaluated three human error frameworks, HFACS, TRACEr, and 

SOAM, based on comprehensiveness, reliability, analyst confidence, and application time 

to determine which framework was best suited for future helicopter accident report 

analysis. HFACS was identified as the best framework for helicopter accident report 

analysis. 

The third study applied HFACS to identify the leading errors that resulted in 

helicopter accidents and how such errors were affected by pilot and flight characteristics. 

Consistent with the findings of U.S. JHSAT (2011) a majority of helicopter accidents 

analyzed occurred in personal / private, instructional / training, and aerial application 

mission types. Using odds ratios on the HFACS classifications of causal factors found 

within 691 accident reports and the mission types within each report, mission type was 

found to have a significant effect on the likelihood of error classifications. Phase of flight, 

meteorological conditions, and time of day also had significant effects on the likelihood of 

classifications. Binary logistic regression tests were used to determine that age, total flight 

hours, and total flight hours on the make and model of the accident aircraft had significant 

effects on the likelihood of many HFACS classifications. Chi-square tests showed that the 

number of pilots and certificates / ratings that pilots had also significantly affected the 

change of certain types of errors occurring. 

8.2 Recommendations 

8.2.1 Recommendations for Future Studies 

Based upon the findings from the three studies, recommendations for future work 

can be made. From Study 1, additional charter, HAA, and search and rescue pilots should 

be interviewed to further validate the HTA models and to minimize the potential bias 

introduced by low sample size.  Scholarly literature would also benefit from the 

development and publication of HTA models of Part 91, Part 133, and Part 137 mission 

types. Future HTA models should first focus on personal / private, instructional / training, 

and aerial application mission types since they comprised the mission types with the 

greatest number of accidents. A HTA model for external load operations should also be 

developed to represent Part 137 operations. 
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While Study 2 identified that HFACS was the framework best suited for application 

to accident report analysis, Study 3 identified that HFACS was at times too coarse to derive 

meaningful outcome trends. Comparison of the error events identified (using SOAM and 

TRACER) with the causal factors (used in HFACS) and the classifications provided using 

each of the three frameworks could shed light on the strengths and weaknesses of each 

framework and provide insight into how the HFACS classification schema can be modified 

or further detailed to better suit analysis of helicopter accident reports. 

As mentioned above, Study 3 identified deficiencies in HFACS granularity 

specifically related to factors within the physical environment. Further work should focus 

on adding layers of classifications to HFACS to better capture the types of skill-based and 

decision errors that occur as well as to better classify the factors in the physical 

environment that led to the accident. Skill-based error classifications should include details 

about the types of control inputs that were made (or not made) and the aircraft parameters 

that were not maintained. Physical environment classifications should be further broken 

down into classifications for wind, visibility, terrain, surface condition, wires, trees, and 

other obstacles. Once classifications are added, analyses should determine if certain 

mission types are more likely than others to experience particular environmental factors 

than others during different phases of flight. 

Future efforts should explore the effects of cloud layer levels, the tasks being 

performed, altitude, terrain, and FARs on the types of errors that were classified. Altitude, 

terrain, and FARs were identified within the current dataset, but time limitations prevented 

analysis of these flight characteristics. The effects of pilot and flight characteristics as well 

as the effects of error classifications on the severity of the accident should also be explored 

to determine which errors require the most immediate focus. 

From this research, the industry is urged to initiate an effort to collect mission flight 

hours as well as to provide estimates of time spent in distinct phases of flight. Without such 

information, researchers can look at the effects flight characteristics have on the likelihood 

of error classifications, but not at the likelihood of an accident for particular mission types 
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or phases of flight. Furthermore, it is unclear if mission types with lower incidences of 

accidents are safer than other mission types or if they have comparatively fewer flight hours 

and therefore have fewer accidents. If industry is interested in mission types with fewer 

accidents (e.g., utilities patrol, offshore, logging, firefighting, air tour / sightseeing) further 

incident report analysis should be conducted or operators within a given mission type 

should pool their safety management systems to identify common errors that occur in these 

missions that have not yet resulted in accidents. 

Study 3 shed light onto some of the deficiencies of the information provided within 

the NTSB accident reports. It is recommended that the NTSB evaluate the means by which 

causal factors are selected and reported to ensure that duplicate causal factors are removed. 

Additionally, organizational influences were identified in each report in which a full NTSB 

accident investigation was performed, but were rarely identified when the NTSB did not 

travel to the accident site. The NTSB is urged to further investigate organizational 

influences that may play a role in accidents. Additionally, feedback obtained from the 

helicopter community suggests that they are very interested in learning from accident 

reports, but there is no effective way to search through accident reports that are relevant to 

the missions that they perform. The NTSB is encouraged to partner with the community to 

establish better search tools. 

Future studies should further explore common occurrences seen throughout the 

accident reports. Common occurrences and factors that led to accidents included: 

 Exceeding maximum gross weight 

 Operations conducted in high density environments 

 Wire strikes 

 Failure to properly execute pinnacle landings while maintaining control of the 

aircraft 

 Failure to apply carburetor heat in icing conditions  

 Errors in monitoring fuel levels and verifying fuel prior to takeoff which led to 

fuel starvation 



296 

 

 

 Use of over-the-counter allergy medication such as Benadryl prior to flying 

 Pilots’ failure to report complete medical history during medical exams 

 Pilots flying that did not have helicopter ratings or were not current with their 

certificates 

 Dynamic rollovers due to uneven terrain or muddy surface conditions 

 Loss of tail-rotor effectiveness (LTE) 

 Inadvertently entering vortex ring states 

 Failure to properly execute a practice or emergency autorotation 

Such studies should more deeply explore the factors that contribute to the 

occurrences noted above. Further research and insight from pilots is required to understand 

the frequency of failed autorotations and how autorotation accidents can be prevented in 

the future.  

8.2.2 Recommended Mitigation Strategies 

Mitigation strategies for several of the above factors are recommended (subject to 

validation by helicopter experts): 

 A smartphone or tablet applications to assist pilots in calculating the 

helicopter’s weight and verifying that the maximum gross weight has not 

exceeded given the current and expected environmental conditions for the 

flight 

 Added training to increase awareness of the hazards associated with 

operating helicopters in high air density environments 

 Increased use of visibility marks on wires in areas where aerial application 

flights take place 

 Additional simulator training scenarios of pinnacle landings 

 A smartphone or tablet application to monitor icing conditions and provide 

recommendations for application of carburetor heat 

 Information dissemination regarding appropriate fuel management 

strategies and practices 
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 Increased dissemination of information related to the use of over-the-

counter allergy medication 

 Additional autorotation practice in flight simulators and training helicopters 
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Appendix A. Glossary 

Aerial application  A mission type that includes use of an aircraft for agriculture work 

(Zhang, 2010). 

Aerial observation  A type of mission including aerial observation (Zhang, 2010). 

Air tour/sightseeing  A mission type that is encompasses carrying people by air that 

goes from point A to point B and then returns back to point A (Zhang, 2010). 

Business  A mission type that includes the tasks and operations required for the 

company that owns the helicopter. Specific missions could include repositioning the 

helicopter to a different location or transporting company employees. 

Electronic new gathering  A mission type that includes the collection and broadcasting 

of videos for electronic news sources. 

Emergency Medical Services (HEMS)  A mission type that includes a helicopter that is 

working under a HEMS operator with HEMS approval to rapidly transport (1) medical 

personnel, (2) medical supplies, and/or (3) injured persons (Zhang, 2010). 

External load  A Part 133 operation where a load is connected to the outside of a 

helicopter and carried or maneuvered. 

Firefighting  Flight to and from a fire for the purposes of fire suppression and 

observation (Zhang, 2010). 

Flight Hours  The number of hours of flight and certified simulator experience a pilot 

has. Flight hours can be general, specified for rotorcraft, or specified for make and model. 

Instrument Flight Rules (IFR)  The rules and regulations that apply when flying in 

Instrument Meteorological Conditions (IMC). 

Instrument Meteorological Conditions (IMC)  A term used to describe weather 

conditions in terms of visibility including visual distance and cloud ceilings. IMC occurs 

when the ceiling drops below a specified minima. 

Law enforcement  Missions flown in support of police work including traffic patrol, 

law enforcement patrol, search and rescue, and aerial support for police on the ground. 

Logging  A mission type that uses helicopters to assist in logging operations (Zhang, 

2010). 
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Offshore  A mission type that encompasses carrying passengers and/or cargo to and/or 

from an off-shore installation (Zhang, 2010). 

Operator The company that the pilot works for or is managed by. 

Personal/private  A mission type that is flown for personal use where money is not 

exchanged to transport people or things. 

Utilities patrol/construction   A mission type that is used to assist utilities and 

construction work (Zhang, 2010). 

Visual Flight Rules (VFR)  A set of rules and regulations for operating a flight during 

visual conditions. VFR is sometimes used in conversation to indicated VMC, 

Visual Meteorological Conditions (VMC)  A term used to describe weather conditions 

in terms of visibility including visual distance and cloud ceilings. 
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Appendix B. DOD HFACS Nano Codes 

Table 64. Breakdown of DOD HFACS with nano codes. Nanocodes that are in bold 

italicized text may be directly linked to the design of technology while the nanocodes in 

regular italics may be distantly linked to a design feature. Source of information 

(Department of Defense Aviation Safety Improvement Task Force Human Factors 

Working Group, 2014) 

 

Level 1 Level 2 Level 3 Nanocodes 

Acts Errors Skill-Based 

Errors 
 Inadvertent Operation 

 Checklist Error 

 Procedural Error 

 Overcontrol/Undercontrol 

 Breakdown in Visual 

Search 

 Inadequate Anti-G 

Straining Maneuver 

Judgment and 

Decision-

Making Errors 

 Risk Assessment – 

During Operation 

 Task Misprioritization 

 Necessary Action – 

Rushed 

 Necessary Action – 

Delayed 

 Caution/Warning Ignored 

 Decision-Making During 

Operation 

Perception 

Errors 
 Error due to 

Misperception 

Violations  Violation – Based on 

Risk Assessment 

 Violation – Routine / 

Widespread 

 Violation – Lack of 

Discipline 

Preconditions Environmental 

Factors 

Physical 

Environment 
 Vision Restricted by 

Icing / Windows Fogged / 

Etc. 

 Vision Restricted by 

Meteorological Conditions 

 Vibration 
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Level 1 Level 2 Level 3 Nanocodes 

 Vision Restricted in 

Workspace by Dust / Smoke / 

Etc. 

 Windblast 

 Thermal Stress – Cold 

 Thermal Stress – Heat 

 Maneuvering Forces – In 

Flight 

 Lighting of Other Aircraft 

/ Vehicle 

 Noise Interference 

 Brownout / Whiteout 

Technological 

Environment 
 Seating and Restraints 

 Instrumentation and 

Sensory Feedback Systems 

 Visibility Restrictions 

 Controls and Switches 

 Automation 

 Workspace Incompatible 

with Human 

 Personal Equipment 

Inference 

 Communication - 

Equipment 

Condition of 

Individuals 

Cognitive 

Factors 
 Inattention 

 Channelized Attention 

 Cognitive Task 

Oversaturation 

 Confusion 

 Negative Transfer 

 Distraction 

 Geographic 

Misorientation (Lost) 

 Checklist Interference 

Psycho-

Behavioral 

Factors 

 Pre-Existing Personality 

Disorder 

 Pre-Existing 

Psychological Disorder 

 Pre-Existing Psychosocial 

Problem 

 Emotional State 
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Level 1 Level 2 Level 3 Nanocodes 

 Personality Style 

 Overconfidence 

 Pressing 

 Complacency 

 Inadequate Motivation 

 Misplaced Motivation 

 Overaggressive 

 Excessive Motivation to 

Succeed 

 Get-Home-It is / Get-

There-It is 

 Response Set 

 Motivational Exhaustion 

(Burnout) 

Adverse 

Physiological 

States 

 Effects of G Forces (G-

LOC, etc) 

 Prescribed Drugs 

 Operational Injury / 

Illness 

 Sudden Incapacitation / 

Unconsciousness 

 Pre-Existing Physical 

Illness / Injury / Deficit 

 Physical Fatigue 

(Overexertion) 

 Fatigue – Physiological / 

Mental 

 Circadian Rhythm 

Desychrony 

 Motion Sickness 

 Trapped Gas Disorders 

 Evolved Gas Disorders 

 Hypoxia 

 Hyperventilation 

 Visual Adaptation 

 Dehydration 

 Physical Task 

Oversaturation 

Physical / 

Mental 

Limitations 

 Learning Ability / Rate 

 Memory Ability / Lapses 
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Level 1 Level 2 Level 3 Nanocodes 

 Anthropometric / 

Biomechanical Limitations 

 Motor Skill / 

Coordination or timing 

Deficiency 

 Technical / Procedural 

Knowledge 

Perceptual 

Factors 
 Illusion – Kinesthetic 

 Illusion – Vestibular 

 Illusion – Visula 

 Misperception of 

Operational Conditions 

 Misinterpreted / Misread 

Instrument 

 Expectancy 

 Auditory Cues 

 Spatial Disorientation 1 

Unrecognized 

 Spatial Disorientation 2 

Recognized 

 Spatial Disorientation 3 

Incapacitating 

 Temporal Distortion 

Personnel 

Factors 

Coordination / 

Communication 

/ Planning 

Factors 

 Crew / Team Leadership 

 Cross-Monitoring 

Performance 

 Task Delegation 

 Rank/Position Authority 

Gradient 

 Assertiveness 

 Communication Critical 

Information 

 Standard / Proper 

Terminology 

 Challenge and Reply 

 Mission Planning 

 Mission Briefing 

 Task / Mission-In-

Progress Re-Planning 

 Miscommunication 

Self-Imposed 

Stress 
 Physical Fitness 
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Level 1 Level 2 Level 3 Nanocodes 

 Alcohol 

 Drugs / Supplements / 

Self Medication 

 Nutrition 

 Inadequate Rest 

 Unreported Disqualifying 

Medical Conditions 

Supervision Inadequate Supervision  Leadership / Supervision 

/ Oversight Inadequate 

 Supervision – Modeling 

 Local Training Issues / 

Programs 

 Supervision – Policy 

 Supervision – Personality 

Conflict 

 Supervision – Lack of 

Feedback 

Planned Inappropriate 

Operations 
 Ordered / Led on Mission 

Beyond Capability 

 Crew / Team / Flight 

Makeup / Composition 

 Limited Recent 

Experience 

 Limited Total Experience 

 Proficiency 

 Risk Assessment – 

Formal 

 Authorized Unnecessary 

Hazard 

Failure to Correct Known 

Problem 
 Personnel Management 

 Operations Management 

Supervisory Violations  Supervision – Discipline 

Enforcement 

 Supervision – De facto 

Policy 

 Directed Violation 

 Currency 

Organizational 

Influences 

Resource / Acquisition 

Management 
 Air Traffic Control 

Resources 

 Airfield Resources 

 Operator Support 
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Level 1 Level 2 Level 3 Nanocodes 

 Acquisition Policies / 

Design Processes 

 Attrition Policies 

 Accession / Selection 

Policies 

 Personnel Resources 

 Information Resources / 

Support 

 Financial Resources / 

Support 

Organizational Climate  Unit / Organizational 

Values / Culture 

 Evaluation / Promotion / 

Upgrade 

 Perceptions of 

Equipment 

 Unit Mission / Aircraft / 

Vehicle / Equipment Change 

or Unit Deactivation 

 Organizational Structure 

Organizational Process  Ops Tempo / Workload 

 Program and Policy Risk 

Assessment 

 Procedural Guidance / 

Publications 

 Organizational Training 

Issues / Programs 

 Doctrine 

 Program Oversight / 

Program Management 
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Appendix C. Helicopter Air Ambulance Hierarchical Task Analysis Model 

Perform Helicopter Air Ambulance (HAA) Mission 

1. Prepare for shift 
1.1. Arrive at base and check-in to start shift 

1.2. Receive pass-down brief 

1.3. Perform flight preparation for shift 
1.3.1.  Gather relevant information for shift 

1.3.2.  Perform risk assessment and analysis 

1.3.2.1. Identify risks and their importance 
1.3.2.2. Develop mitigation strategies to reduce the potential impact of risks 

1.3.2.3. Calculate residual risk 

1.3.2.4. Review high risk assessments with manager for concurrence 
1.3.3.  Perform generic weight and balance calculations 

1.3.4.  Review and prepare flight manifest 

1.3.5.  Perform physical pre-flight inspection 
1.3.5.1. Verify all required documents are in easily accessible locations 

1.3.5.2. Check physical systems 

1.3.5.3. Check fuel 
1.3.5.4. Review maintenance log 

1.3.5.5. Meet with mechanic for briefing 

1.3.6.  Review weather 
1.4. Perform medical crew assessment and briefing for shift 

1.4.1.  Brief crew based on preparation activities for shift 

1.4.2.  Review crew risk assessment 
1.4.3.  [Medical Crew] summarizes medical pre-flight 

2. Receive flight request and perform final preparation for mission 

2.1. Receive flight request from Dispatcher 
2.2. Assess ability to accept flight 

2.3. Accept or decline flight 

2.4. Collect gear and go to aircraft 
2.4.1.  Gather necessary equipment 

2.4.2.  Communicate with Dispatcher to receive patient information 

2.4.3.  Go to aircraft 
2.4.4.  Perform pre-flight walk around 

2.4.5.  Secure main cabin 

3. Pick-up patient < SA, A, N, C, MS > 
3.1. Depart from base < SA, A, N, C, MS > 

3.1.1.  Start helicopter 

3.1.2.  Verify that crew is ready for flight 
3.1.3.  Call Dispatcher with flight information 

3.1.4.  Depart from base helipad < SA, A, N, C, MS > 

3.1.5.  Climb to altitude < SA, A, N, C, MS > 
3.1.6.  Call Air Traffic Control or perform a general call to announce in air < SA, A, N, C, MS > 

3.2. Travel to pick-up location < SA, A, N, C, MS > 

3.2.1.  Report position to dispatcher every 15 minutes. (Note: some programs track helicopter via satellite, thus 15 
minute check-in is not required unless tracking has failed) < SA, A, N, C, MS > 

3.2.2.  Scan for traffic and obstacles < SA, A, N, C, MS > 
3.2.3.  Monitor flight instruments and aircraft performance < SA, A, N, C, MS > 

3.2.4.  Monitor weather < SA, A, N, C, MS > 

3.2.5.  [Medical crew] Call Dispatcher for information about patient 
3.2.6.  Adhere to FAA airspace regulations < SA, A, N, C, MS > 

3.3. Assess landing location < SA, A, N, C, MS > 

3.3.1.  Arrive at pick-up site < SA, A, N, C, MS > 
3.3.2.  Coordinate with ATC if in controlled area < SA, A, N, C, MS > 

3.3.3.  Watch for traffic and obstacles < SA, A, N, C, MS > 

3.3.3.1. Identify obstacles in landing zone < SA, A, N, C, MS > 
3.3.3.2. Assess area lighting < SA, A, N, C, MS > 

3.3.3.3. Note ingress and egress limitations caused by traffic and obstacles < SA, A, N, C, MS > 

3.3.4.  Perform landing checklist < SA, A, N, C, MS > 
3.3.4.1. Check fuel level < SA, A, N, C, MS > 

3.3.4.2. Orbit over location to verify area is clear < SA, A, N, C, MS > 

3.3.4.3. Determine approach and departure path < SA, A, N, C, MS > 
3.4. Land helicopter < SA, A, N, C, MS > 

3.4.1. Query crew for landing readiness < SA, A, N, C, MS > 

3.4.2. Approach into landing zone < SA, A, N, C, MS > 
3.4.3. Perform recon of landing zone at 500 feet < SA, A, N, C, MS > 
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3.4.4. Touchdown and flat pitch the engine to idle < SA, A, N, C, MS > 
3.4.5. Determine need to shutdown aircraft < SA, C, MS > 

3.4.5.1. Perform shutdown checklist < SA, C, MS > 

3.4.5.2. Remain at engine idle < SA, C, MS > 
3.5. Load patient < SA, C, MS > 

3.5.1. [Medical crew] Exit helicopter 

3.5.2. [Medical crew] Retrieve patient and ready patient for helicopter transport 
3.5.3. Prepare for next leg of flight < SA, C, MS > 

3.5.4. [Medical crew] Load patient and medical equipment in helicopter 

4. Transfer patient < SA, A, N, C, MS > 
4.1. Prepare for departure < SA, C, MS > 

4.1.1.  Perform helicopter walk around < SA > 

4.1.2.  Complete start-up checklist < SA, C, MS > 
4.1.3.  Call Dispatcher < SA, C, MS > 

4.1.4.  Verify crew is ready for departure < SA, C, MS > 

4.1.5.  Brief crew < SA, C, MS > 
4.1.6.  Check for traffic < SA, MS > 

4.2. Depart from pick-up location < SA, A, N, C, MS > 

4.3. Travel to receiving hospital < SA, A, N, C, MS > 
4.4. Land at receiving hospital < SA, A, N, C, MS > 

4.5. [Medical crew] Drop-off patient 

5. Return to base < SA, A, N, C, MS > 
5.1. Depart from receiving hospital < SA, A, N, C, MS > 

5.2. Fuel helicopter < SA, A, N, C, MS > 
5.3. Arrive at base < SA, A, N, C, MS > 

5.4. Perform flight debrief 

5.5. Restock equipment 
5.6. Prepare for next flight and/or end of shift 

 

 
 

 

* Maintain Situation Awareness, Aviate, Navigate, Communicate, and Manage Systems* 

SA.     Maintain Situation Awareness* 

SA.1. Maintain location awareness 

SA. 2. Maintain aircraft systems awareness 

SA.3. Maintain weather awareness 

SA.4. Maintain terrain awareness 

SA.5. Maintain destination awareness 
SA.6. Maintain traffic awareness 

A. Aviate * 

A.1. Control heading 
A.2. Control altitude 

A.3. Control speed 

N.     Navigate * 
N.1. Determine where you are 

N.2. Determine where you want to go 

N.3. Determine how to go from the current location to the target location 
N.4. Adapt flight plan as needed 

C.     Communicate * 

C.1. Update dispatcher 
C.2. Communicate current state and planned future states with medical crew 

MS.  Manage Systems * 

MS.1. Manage fuel 
MS.2. Manage electrical systems 
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Appendix D. Maritime Search and Rescue Hierarchical Task Analysis Model 

Perform Civilian Maritime Search and Rescue (SAR) Mission 

1. Await call for mission at rest facility 

1.1. [PIC] Update iPad software (if required) 

1.2. Gather information about weather and other known/predicted conditions for the shift 

1.3. Compute original hoist performance calculations based on worse case conditions and knowns for the shift 

1.4. Perform helicopter preflight inspection at the start of the shift 

1.5. Brief at the start of the shift 

1.6. Complete initial (pending) FRAT based on information gathered during initial briefing and worst predicted conditions for 

the shift 

1.7. Complete additional preflight paperwork (as needed) 

1.8. Perform schedule, focused SAR training within close proximity to base airport (if a call for a mission is received during 

training, the current training mission is terminated to respond to the call) 

1.9. Complete administrative work (e.g., log in duty time, update documents, etc.) 

2. Receive warning call via phone from Dispatch (obtain as much accurate information as possible in a timely manner) 

2.1. [Dispatch] Gather as much information as possible about the scene (commonly limited to patient location in the initial 

mission request) 

2.1.1 [Dispatch] Identify the type of emergency (e.g., medical, fire, boat taking on water, etc.) 

2.1.2 [Dispatch] Receive patient location from ship (i.e., block number and/or latitude / longitude) 

2.1.3 [Dispatch] Identify if a helipad is available. If not, identify if there is a safe area to hoist from. 

2.1.4 [Dispatch] Identify if additional helicopter fuel is available at the scene 

2.1.5 [Dispatch] Identify the number of patients and patient condition 

2.1.6 [Dispatch] Determine the level of medical care onboard the vessel / rig 

2.1.7 [Dispatch] Determine the level of medical care onboard the vessel / rig 

2.1.8 [Dispatch] Determine the weather at the scene 

2.1.9 [Dispatch] Determine what communications methods are available (e.g., radio frequencies, phone number, etc.) 

2.2. [PIC] Receive information from Dispatch (commonly limited to patient location in the initial mission request) 

2.3. [Remaining crew] Receive page alert for mission (simultaneously with PIC or PIC will alert the other pilot) 

2.4. Confirm block numbers and latitude / longitude match (if both are provided) 

3. Respond to initial call for SAR 

3.1. Drive to airport 

3.2. [PIC] Communicate with dispatch via phone about mission details 

3.3. Develop flight plan 

3.4. Call Flight Services to file the flight plan 

3.5. Evaluate weather conditions on computer at the hangar 

3.6. Edit pending FRAT with changes (if needed) and submit for managerial review 

3.7. Decide whether to accept or decline the mission 

3.8. Inform Dispatch of decision to accept or decline mission 

3.9. Pre-stage any special equipment including dry suits, rafts, etc. 

3.10. Dress out in dry suits (if required) 

3.11. Prepare helicopter for mission 

3.11.1. [Ground Launch Crew – Mechanic & Crew Chief] Supervise the start of the helicopter 

3.11.1.1. [Ground Launch Crew – Mechanic & Crew Chief] Check aircraft and perform walk around 

3.11.1.2. [First pilot to arrive at the helicopter] Perform walk around check of helicopter 

3.11.1.3. [First pilot to arrive at the helicopter] Enter helicopter and ride breaks 

3.11.1.4. [Ground Launch Crew – Mechanic & Crew Chief] Tow helicopter out of the hangar 

3.11.1.5. [Ground Launch Crew – Mechanic & Crew Chief] Add fuel as needed 

3.11.1.6. [First pilot to arrive at the helicopter] Start helicopter’s auxiliary power or prepare helicopter for starting 

main engines 

3.11.1.6.1. Complete preflight checklist 

3.11.1.6.2. Complete cockpit safety checklist 

3.11.1.6.3. Complete alert checklist 

3.11.2. [Ground Launch Crew – Mechanic & Crew Chief] Standby helicopter as fire guards 

3.12. [PIC] Review evaluation of weather and flight plan 

3.13. Initialize navigation system 

3.14. [Second pilot to arrive at the aircraft] Retrieve flight bags with iPads, clipboards, and forms to fill out in flight 

3.15. [Second pilot to arrive at the aircraft] Perform walk around check of helicopter 

3.16. [Second pilot to arrive at the aircraft] Enter helicopter 

3.17. [Medic, Hoist Operator, & Rescue Specialist] Load into the back of the helicopter 

3.18. Start engines 

3.18.1. Evaluate weather - If weather is too severe for safe flight, notify Dispatch of postponed engine start 

Perform 

concurrently 
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3.18.2. Complete before-start checklist 

3.18.3. Complete before-start checklist 

3.18.4. Complete after-start checklist (including verification that hoists are operations) 

3.19. [PIC] Brief mission 

3.20. [Ground Launch Crew – Mechanic & Crew Chief]  Complete final walk around prior to taxi 

4. Pick up patient < SA, A, N, C, MS > 

4.1. Depart from base< SA, A, N, C, MS > 

4.1.1. (If an a-typical mission) Verify all appropriate equipment is onboard (e.g., dewatering pump, SCBA gear, large rafts, 

etc.) 

4.1.2. Taxi < SA, A, N, C, MS > 

4.1.2.1. Complete before-taxi checklist 

4.1.2.2. (If required) Complete IFR departure checklist 

4.1.2.3. Perform taxi operations < SA, A, N, C, MS > 

4.1.2.4. Complete before-takeoff checklist 

4.1.3. Launch and complete after takeoff checklist < SA, A, N, C, MS > 

4.1.4. Climb < SA, A, N, C, MS > 

4.1.5. Level out at altitude < SA, A, N, C, MS > 

4.1.6. Perform cruise checks < SA, A, N, C, MS > 

4.2. Fly en route to pick-up location < SA, A, N, C, MS > 

4.2.1. Fly en route to scene at altitude < SA, A, N, C, MS > 

4.2.2. Gather information about the pick-up location and patient condition < SA, A, N, C, MS > 

4.2.2.1. Confirm information pertaining to the nature of the accident scene from dispatch < SA, A, N, C, MS > 

4.2.2.1.1. Determine type of scene (e.g. boat, person in water, sinking ship, etc.) < SA, A, N, C, MS > 

4.2.2.1.1.1. (If landing on or hoisting from a vessel / rig) Determine size of vessel / rig (if known by 

Dispatch) < SA, A, N, C, MS > 

4.2.2.1.1.2. (If landing on or hoisting from a vessel / rig) Determine type of vessel / rig (if known by 

Dispatch) < SA, A, N, C, MS > 

4.2.2.1.1.3. (If landing on or hoisting from a vessel / rig) Determine the name of the vessel / rig < SA, A, 

N, C, MS > 

4.2.2.1.1.4. (If landing on or hoisting from a vessel / rig) Determine contact information to reach vessel / 

rig < SA, A, N, C, MS > 

4.2.2.1.2. Determine patient condition < SA, A, N, C, MS > 

4.2.2.2. (If extracting from a vessel / rig) Talk to the Master of the Vessel to gather first-hand knowledge of scene < 

SA, A, N, C, MS > 

4.2.2.2.1. Confirm vessel / rig size < SA, A, N, C, MS > 

4.2.2.2.2. Confirm vessel / rig type < SA, A, N, C, MS > 

4.2.2.2.3. Confirm what the vessel / rig is doing (e.g. anchored, moving, sinking) < SA, A, N, C, MS > 

4.2.2.2.4. Confirm patient information < SA, A, N, C, MS > 

4.2.2.2.5. Tell Master of the Vessel what they should expect and what they can do to assist with the mission < 

SA, A, N, C, MS > 

4.2.2.2.5.1. Tell Master of the Vessel to clear a specified area < SA, A, N, C, MS > 

4.2.2.2.5.2. Tell the Master of the Vessel where to pre-stage the patient < SA, A, N, C, MS > 

4.2.2.2.5.3. Tell the Master of the Vessel what course to follow < SA, A, N, C, MS > 

4.2.2.2.5.4. Tell the Master of the Vessel what speed to travel < SA, A, N, C, MS > 

4.2.2.2.5.5. Tell the Master of the Vessel to clear the deck of obstacles (e.g. lower cranes and antennas) < 

SA, A, N, C, MS > 

4.2.2.3. [Medic or Rescue Specialist] (If extracting from a vessel) Talk to vessel / rig personnel to gather information 

about the patient 

4.2.3. Discuss what is expected to happen (to create a picture of the future) < SA, A, N, C, MS > 

4.2.4. Talk with Hoist Operator about what techniques will be used to bring the patient onto the helicopter < SA, A, N, C, 

MS > 

4.2.5. Brief the crew of the plan and what tools to use < SA, A, N, C, MS > 

4.2.6. Inform Dispatch about plan < SA, A, N, C, MS > 

4.3. Approach scene < SA, A, N, C, MS > 

4.3.1. Program FMS for arrival using VFR or an instrument approach < SA, A, N, C, MS > 

4.3.2. Complete descent checklist < SA, A, N, C, MS > 

4.3.2.1. Determine type of approach / hoisting < SA, A, N, C, MS > 

4.3.2.2. Provide an approach briefing < SA, A, N, C, MS > 

4.3.3. Complete appropriate checklist for the extraction procedure selected < SA, A, N, C, MS > 

1.1.1.a. (If hoisting) Complete SAR I checklist < SA, A, N, C, MS > 

4.3.3.b. (If landing) Complete before-landing checklist < SA, A, N, C, MS > 

4.3.4. [PM] Perform final calculations using actual atmospheric conditions < SA, A, N, C, MS > 

OR 
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4.3.5. (If flying IFR) Perform an offshore standard approach lineup (OSAP) < SA, A, N, C, MS > 

4.3.6. Perform line-up < SA, A, N, C, MS > 

4.3.7. Approach boat < SA, A, N, C, MS > 

4.3.8. (If landing on a vessel or rig) Verify that the vessel is properly prepared for helicopter landing (done as early as 

possible)         < SA, A, N, C, MS > 

4.3.8.1. Verify helicopter weighs less than the deck weight limit < SA, A, N, C, MS > 

4.3.8.2. Verify the deck of the vessel is positioned towards the appropriate heading < SA, A, N, C, MS > 

4.3.8.3. Verify all cranes have been shut down and booms have been lowered < SA, A, N, C, MS > 

4.4. Perform extraction procedure < SA, A, N, C, MS > 

4.4.a. (If landing helicopter on a vessel or rig) Land helicopter on vessel / rig < SA, A, N, C, MS > 

4.4.a.1. (At 10 miles out) Fly a standard approach profile with gates all the way to touchdown using a series of calls 

and checks < SA, A, N, C, MS > 

4.4.a.2. Complete landing checklist < SA, A, N, C, MS > 

4.4.a.3. (At night - inside 3 miles) Use SAR AFCS to stabilize on final approach < SA, A, N, C, MS > 

4.4.a.4. Transition to a hover < SA, A, N, C, MS > 

4.4.a.5. Touchdown on vessel / rig < SA, A, N, C, MS > 

4.4.a.6. [Rescue Specialist & Medic] Exit helicopter 

4.4.a.6.1. [Rescue Specialist & Medic] Exit helicopter 

4.4.a.6.2. [Rescue Specialist & Medic]  Assess patient 

4.4.a.6.3. [Rescue Specialist & Medic] Determine if any special equipment is needed to transport the patient 

onto the helicopter 

4.4.a.6.4. [Rescue Specialist & Medic] Prepare patient for transport onto the helicopter 

4.4.a.7. Take fuel (if available on rig, there is enough time, and based on fuel needed) < SA, C, MS > 

4.4.a.8. [Rescue Specialist & Medic] Load patient and join crew on helicopter 

4.4.a.9. Verify patient is secure < SA, C, MS > 

4.4.a.10. Perform take-off checklist < SA, C, MS > 

4.4.a.11. Launch from vessel / rig < SA, A, N, C, MS > 

4.4.a.12. Complete an after-takeoff checklist < SA, A, N, C, MS > 

4.4.b. (If performing a hoist extraction procedure) Perform hoist operation from a hover < SA, A, N, C, MS > 

4.4.b.1. Come into a rest position hover < SA, A, N, C, MS > 

4.4.b.2. Verify assessment of extraction procedure to be used < SA, A, N, C, MS > 

4.4.b.2.1. Verify performance calculations are correct < SA, A, N, C, MS > 

4.4.b.2.2. Perform a dry run hoist over the boat to verify calculations (as fuel / time / weight allow) < SA, A, 

N, C, MS > 

4.4.b.2.3. Complete SAR II checklist < SA, A, N, C, MS > 

4.4.b.3. (Form a rest position) Perform final briefing prior to patient extraction < SA, A, N, C, MS > 

4.4.b.3.1. Have an informal conversation about extraction procedures < SA, A, N, C, MS > 

4.4.b.3.2. [Rescue Specialist] Provide a formal brief of the extraction procedures 

4.4.b.3.2.1. [Rescue Specialist] Specify how long Rescue Specialist and Medic can stay on boat or in 

water (determined by fuel) 

4.4.b.3.2.2. [Rescue Specialist] Specify what happens if an emergency occurs 

4.4.b.3.2.3. [Rescue Specialist] Specify recovery plan 

4.4.b.3.3. [Hoist Operator] Repeat formal brief of the extraction procedures 

4.4.b.3.4. [PF] Repeat formal brief of the extraction procedures < SA, A, N, C, MS > 

4.4.b.3.5. [PM & Medic] State that there are no remaining questions < SA, A, N, C, MS > 

4.4.b.4. Hoist Rescue Specialist onto the boat or into the water with all necessary equipment < SA, A, N, C, MS > 

4.4.b.5. (If extracting from a vessel or rig) Hoist Medic onto the boat < SA, A, N, C, MS > 

4.4.b.6. Wait to hoist patient < SA, A, N, C, MS > 

4.4.b.6.a. (If conducting a water rescue) Stay on scene and communicate with Rescue Specialist through hand 

signals and lights < SA, A, N, C, MS > 

4.4.b.6.b. (If hoisting from a vessel / rig) Fly away from vessel / rig < SA, A, N, C, MS > 

4.4.b.6.b.1. Maintain communication channels to communicate with Rescue Specialist and/or Medic (if 

possible) < SA, A, N, C, MS > 

4.4.b.6.b.2. Fly a maximum endurance pattern around the vessel / rig < SA, A, N, C, MS > 

4.4.b.6.b.3. [Crew on vessel / rig] Contact flight crew when ready for extraction 

4.4.b.6.b.4. Return to vessel / rig < SA, A, N, C, MS > 

4.4.b.7. Hover 40' - 50' above the scene < SA, A, N, C, MS > 

4.4.b.7.1. Hover above the scene < SA, A, N, C, MS > 

4.4.b.7.2. Control hoist and helicopter < SA, A, N, C, MS > 

4.4.b.7.2.1. [PF] Control the lateral control of the helicopter < SA, A, N, C, MS > 

4.4.b.7.2.2. [PF or PM] Control the altitude of the helicopter < SA, A, N, C, MS > 

4.4.b.7.2.3. [Hoist Operator] Control the hoist < SA, A, N, C, MS > 

Perform concurrently 

Note: Automation is 

used for control of the 

helicopter when hoisting 

at night and during the 

day when performing a 

water rescue. 
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4.4.b.7.3. Smoothly place the hoist on the deck of the vessel / rig < SA, A, N, C, MS > 

4.4.b.7.4. Hoist up the crew and patient from the vessel / rig < SA, A, N, C, MS > 

4.4.b.7.4.1. Hoist up the Medic < SA, A, N, C, MS > 

4.4.b.7.4.2. Hoist up the patient < SA, A, N, C, MS > 

4.4.b.7.4.3. Hoist up the Rescue Specialist < SA, A, N, C, MS > 

4.4.b.8. Perform clean-up checklist < SA, A, N, C, MS > 

4.5. Fly away from scene < SA, A, N, C, MS > 

4.5.1. (If coordinating with a vessel / rig) Call vessel / rig and thank them for their help < SA, A, N, C, MS > 

4.5.2. Call Dispatch with updates when at cruise altitude < SA, A, N, C, MS > 

5. Transport patient to or toward a hospital < SA, A, N, C, MS > 

5.1. Continuously update Dispatch < SA, A, N, C, MS > 

5.2. Climb to altitude < SA, A, N, C, MS > 

5.3. Level out at altitude< SA, A, N, C, MS > 

5.4. Fly to drop-off location < SA, A, N, C, MS > 

5.4.1. Fly toward drop-off location < SA, A, N, C, MS > 

5.4.1.a. Fly toward appropriate hospital if within range < SA, A, N, C, MS > 

5.4.1.a. Fly toward the nearest airport (with instrument approach if required) < SA, A, N, C, MS > 

5.4.2. Refuel if fuel is available en route and is needed < SA, A, N, C, MS > 

5.5. Land at drop-off location < SA, A, N, C, MS > 

5.5.a. Land at receiving hospital < SA, A, N, C, MS > 

5.5.b. Land at nearest hard surface airport, next to the EMS jet or a smaller helicopter that has been contracted while the 

mission has been underway < SA, A, N, C, MS > 

5.6. [Medic & Rescue Specialist] Transfer patient to medical staff (either nurse/doctor at hospital or flight nurse of EMS jet) 

6. Return to base < SA, A, N, C, MS > 

6.1. Fuel helicopter when en route to base if required < SA, A, N, C, MS > 

6.2. Depart from drop-off location < SA, A, N, C, MS > 

6.3. Fly to base < SA, A, N, C, MS > 

6.4. Arrive at base < SA, A, N, C, MS > 

6.5. Perform flight debrief 

6.6. Complete required paperwork 

6.7. Ready aircraft for next flight 

6.7.1. [Medic, Rescue Specialist, & Hoist Operator] Clean medical and rescue equipment 

6.7.2. [Maintenance Crew] Inspect helicopter 

6.7.3. [Maintenance Crew] Fuel helicopter to standard load 

 

 

 

  

Note: The order in which the Medic and patient are 

hoisted depend on the nature of the patient. In critical 

situations the patient and medic are hoisted up 

together. 

OR 

OR 
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* Maintain Situation Awareness, Aviate, Navigate, Communicate, and Manage Systems* 

 

SA.     Maintain Situation Awareness* 

SA.1. Maintain location awareness 
SA. 2. Maintain aircraft systems awareness 

SA.3. Maintain weather awareness 

SA.4. Maintain terrain awareness 
SA.5. Gather and confirm information about destination location 

SA.6. Maintain traffic awareness 

A. Aviate * 
A.1. Control heading 

A.2. Control altitude 

A.3. Control speed 
N.     Navigate * 

N.1. Determine where you are 

N.2. Determine where you want to go 
N.3. Determine how to go from the current location to the target location 

N.4. Adapt flight plan as needed 

C.     Communicate * 
C.1. Update Dispatch 

C.2. Communicate current state and planned future states with crew 

C.3. Gather information from Dispatch and Master of the Vessel 
MS.  Manage Systems * 

MS.1. Manage fuel 
MS.2. Manage communication systems (e.g., radio frequencies, phones, etc.) 

MS.3. Manage hydraulic systems 

MS.4. Manage lighting (internal and external) 
MS.5. Manage deicing / anti-icing systems 

MS.6. Manage navigation systems 

MS.7. Manage AFCS 
MS.8. Manage environmental control systems 

MS.9. Manage miscellaneous systems 
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Appendix E. Charter Operation Hierarchical Task Analysis Model 

Perform Charter / Air Taxi Mission (v3.1) 

1. Prepare for shift 

1.1. Arrive at base and check-in to start shift 

1.2. Complete necessary training 

1.3. Perform additional job related roles 

Note: Job related roles differ between operators and pilots within operators. Some pilots will complete tasks to 

obtain new work including looking for and filling out paperwork associated with contracts, bids, and RFPs for state or 

federal contracts. Associated tasks include ensuring that the operator complies with the requirements needed for the 
contracts, bids, and RFPs. 

2. Receive flight request and decide whether to accept the mission 

2.1. (Operator) Receive call from customer 

2.1.1. Determine the scope of the mission 

2.1.1.1. Determine the date and time of the mission 

2.1.1.2. Determine where to pick up the customer 

2.1.1.3. Determine the destination location 

2.1.1.4. Determine if the mission requires waiting at a location 

2.1.1.5. Determine roughly how long the pilot and aircraft will be on the mission (including time waiting at the 

location and flight time) 

Note: Consider weather and daylight 

2.1.1.6. Determine the number of passengers that will be on the flight 

2.1.1.7. Determine preliminary information regarding cargo to be transported 

2.1.1.7.1. Determine if any hazardous material will need to be transported 

2.1.1.7.2. Determine if external load operations are needed 

2.1.1.7.2.1. Determine what product(s) would be transported using external load 

2.1.1.8. Determine what hardware and/or equipment will be needed 

2.1.1.9. Determine if a fuel truck will be needed onsite 

2.1.1.10. Complete preliminary performance / weight and balance calculations factoring in weight of passengers 

(estimated or actual based on aircraft), weight of cargo, the helicopter being flown, the altitude, and the air 

density to determine OGE and IGE performance 

2.2. (Operator) Assess operator’s ability to accept flight 

2.2.1. Assess if company can legally perform flight (review FARs) 

Note: If Part 135, then check general operating manual about how to comply with FARS 

Note: Pilots would have the operation specifications memorized 

2.2.2. Assess capability of aircrafts available 

2.2.2.1. Determine the number of passengers to be transported 

2.2.2.2. Determine the type and weight of the cargo to be transported 

2.2.2.3. Determine which helicopters are available for the time of the mission (e.g., not on a mission or in 

maintenance) 

2.2.2.4. Select which helicopter will be used for the mission 

2.2.3. Assess capability of pilots available at time of mission 

2.2.3.1. Determine if pilot has proper qualifications 

2.2.3.2. Determine which pilot is best suited for the mission with considerations made regarding pilot skill and 

experience 

2.2.3.3. Determine if pilot is up-to-date on all required training 

2.2.3.4. Determine if pilot is current 

2.2.3.5. Determine if pilot has met the required rest time 

2.2.3.6. Determine if pilot will exceed duty limits and flight time limits by accepting the mission 

2.2.3.7. Select which pilot will be asked to fly the mission 

2.2.4. Assess the weather predicted for the time of the flight with added buffer time 

2.3. (Operator) Contact the pilot and director of maintenance about the flight 

Note: Typically if the pilot takes the phone call for a mission, they will be the pilot flying the mission. 

2.4. (Pilot) Assess ability to accept flight 

Note: The pilot cannot legally accept the flight; the operator has to accept the flight. 

2.4.1. Assess pilot’s ability to fly the mission 

2.4.1.1. Verify that minimum rest requirements will be met 
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2.4.1.2. Verify that duty time limits and flight time limits will not be exceeded 

2.4.1.3. Verify that no medications have been taken that would prohibit flying by FAA regulations 

2.4.1.4. Verify that no alcohol has been consumed within 12 hours of the flight and that no effects of the alcohol are 

ongoing (e.g. a hangover) per FAA regulations 

2.4.1.5. Consider any current illnesses and how they might affect the mission 

2.4.1.6. Consider stress level and how it might affect the mission 

2.4.1.7. Consider level of fatigue and how it might affect the mission 

2.4.1.8. Consider current emotional state and how it might affect the mission 

2.4.2. Assess the distance of the flight 

2.4.2.1. Assess the distance of the flight 

2.4.2.2. Determine the destination of the mission – look at topographic maps and google earth to determine 

potential landing sites 

2.4.2.3. Determine which airspaces the flight will go through and the requirements of each airspace 

2.4.2.4. Determine where to pick-up fuel along the trip 

2.4.2.4.1. Generate a list of common fuel areas when flying to the destination 

2.4.2.4.2. Generate a list of common fuel areas when flying from the destination 

2.4.2.4.3. Determine if a fuel truck is needed in a remote landing destination 

2.4.2.4.3.1. Determine where the fuel truck should be located 

2.4.3. Assess the timing of the flight 

2.4.3.1. Assess the time that the mission will start 

2.4.3.2. Estimate the time that the mission will end 

2.4.3.2.1. Assess if the mission will be completed by night fall 

Note: Flying at night is legal, but the pilot must be current at night flying operations. 

Note: Pilots are allowed to fly at night, if current, but a heightened level of safety is needed 

especially during landings. 

2.4.3.2.2. Determine contingency plan if the mission goes past sunset 

Note: Consideration must be made for airspace criteria and requirements 

Note: Contingency plan is dependent on the mission, scope, and purpose of the flight 

2.4.4. Assess the weather predicted along the flight 

2.4.4.1. Assess the (current and forecasted) cloud layers along the planned route 

2.4.4.2. Assess airspace criteria and requirements 

2.4.4.3. Assess the (current and forecasted) winds along the planned route 

2.4.4.4. Assess the (current and forecasted) precipitation and snow along the planned route 

2.4.4.5. Assess the (current and forecasted) visual acuity to the ground along the planned route 

2.4.4.6. Assess the elevation of the destination and the weather reporting points near the destination 

2.4.4.7. Assess AIRMETs, SIGMETs, convective SIGMETS, and PIREPS along the planned route 

2.4.4.8. Determine the probability of weather based on experience with weather and terrain 

2.5. Accept or decline flight 

2.6. Generate a job order 

2.6.1. Document the pilot that will be flying the mission 

2.6.2. Document the aircraft and tail number that will be flown 

2.6.3. Document the date and time that the mission will be initiated 

2.6.4. Document the proposed time of mission completion 

2.6.5. Document the customer name and contact information 

2.6.6. Document the cargo type and number of passengers that will be transported on the mission 

2.6.7. Document the purpose of the flight 

2.6.8. Document if a fuel truck is needed 

2.6.8.1. Document the fuel truck driver’s name 

2.6.8.2. Document the fuel truck number 

2.7. Provide job order to office staff 

2.8. Contact maintenance with any mission specific aircraft requirements (e.g., snow pads, etc.) 

2.9. Go to the hangar to preflight the aircraft 

2.9.1. Go to the hangar 

2.9.2. Gather necessary equipment (e.g., long line, snow deflectors, etc.) 

2.9.3. Complete a detailed walk around check of the helicopter per the aircraft manufacturer’s exterior check checklist 

2.9.4. Complete all items on the interior checklist 

2.9.5. Push the aircraft out of the hangar and onto the tarmac 
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Note: The aircraft is prepared for the mission before the passengers arrive (except for fuel) 

2.9.6. Load / secure equipment to the aircraft 

2.9.7. (If meeting passengers at the base location) Meet and brief passengers 

Note: Brief passengers at the aircraft. If there is inclement weather then brief passengers in the hanger. 

2.9.7.1. (If meeting passengers at the base location) Greet passenger  

2.9.7.2. (If meeting passengers at the base location)  Determine exact weight of passengers and cargo 

2.9.7.3. (If meeting passengers at the base location) Determine passengers’ prior helicopter experience (e.g., is it 

their first time in a helicopter or do they fly all the time) 

2.9.7.4. (If meeting passengers at the base location) Brief passengers on fire extinguishers, how to enter the 

helicopter, exit procedures, emergency procedures, not smoking, seat belt and door operation, how to shut 

off the engine and isolate the ductal system, and safety around the aircraft (when the engine is running and 

not running) 

2.9.7.5. (If meeting passengers at the base location) Brief passengers on where they should sit within the helicopter. 

2.9.7.6. (If meeting passengers at the base location)  Discuss (with passengers) what will be done if there is a 

change of weather (e.g., will the passengers stay at the site or leave the site with the helicopter pilot) – this 

is done to avoid making such a choice in a rushed circumstance 

2.9.7.7. (If meeting passengers at the base location)  Answer any passenger questions 

2.9.8. Perform/confirm the weight / balance calculations and performance calculations to the first touchdown or fuel point 

– refer to the performance charts to determine the power requirements in hover OGE 

2.9.9. Fuel the helicopter accordingly 

Note: The helicopter will not be fueled until the passenger and cargo weight is known. 

Note: The fuel is calculated to the first touchdown or refuel point plus enough fuel for a 20 minute reserve. 

Note: Minimum fuel requirements are sufficient for the first point of landing with a 20 minute reserve. 

Added consideration should be made for fuel availability. 

Note: You do not want to load too much fuel since it limits helicopter performance and ability to 

accommodate for wind when landing at high elevations 

2.9.10. Load passengers and secure cargo (if applicable) 

2.9.11. Perform a walk around of the helicopter once all doors are closed 

2.9.11.1. Walk around the helicopter from the nose, to the passenger door, to the tail, to the pilot door, to the nose 

2.9.11.2. Verify that latches are closed 

2.9.11.3. Verify that rotors are untied 

2.9.11.4. Verify that covers are off 

2.9.11.5. Verify the gas cap is installed 

2.9.11.6. Verify that the area around the helicopter is clear of objects including hoses 

2.9.12. Enter the aircraft and secure the pilot side door 

2.9.13. Secure seatbelt  

2.9.14. Complete all tasks in the aircraft manufacturer preflight / engine prestart checklist 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Complete all tasks in the aircraft manufacturer preflight checklist 

 Set control friction to an appropriate level 

 Ensure that the circuit breakers are in the appropriate position 

 Turn the battery switches on 

 Check the caution warning panel to ensure that the low rotor is illuminated and the static lights are on 

 Press the check button to ensure that all lights on the caution warning panel can illuminate 

 Set the station pressure of the departure location in the altimeter kollsman window 

 Turn on the fuel pump 

3. Depart from base < SA, A, N, C, MS > 

3.1. Start helicopter 

3.1.1. Complete all tasks in the aircraft manufacturer start-up / engine starting checklist 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Press the starter button until the igniters make a “pop” sound 

 Start the engine 

 Wait until the minimum rotor speed is reached 

 Open the throttle to introduce fuel 

 Monitor the turbine output temperature (ToT) gauge to ensure that the reading is within limits 
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 If the helicopter has a jet ranger auto and the limit is exceeded, shutdown the helicopter 

and contact maintenance 

 If the helicopter has a jet ranger auto and the trend of ToT is approaching the limit, 

shutoff fuel supply 

 If the helicopter has a long ranger, manipulate the throttle to control fuel flow and peak 

 Wait until the engine is up to ground idle 

 Perform the hydraulic systems check 

 Turn the hydraulics off 

 Ensure freedom of movement of the controls 

 Turn the hydraulics back on 

 Power the second fuel pump 

 Turn on the communication radios and set the appropriate frequencies 

 Turn on position lights 

 Turn on anti-collision lights 

 Turn on gyroscopic instrument 

 Roll throttle to 100% to obtain the flight gate 

 Adjust the deep range of N2 and NR 

 Perform another hydraulic systems check 

 Turn off the hydraulic systems 

 Check for no jump / bump in the system readings 

 Turn the hydraulic systems on 

 Set secondary systems (e.g., anti-ice, heater, etc.) as needed 

 Adjust the volume level on the radio as needed 

3.2. Confirm that seat belts have been fastened 

3.3. Verify that all doors are closed 

3.4. Verify that all items are secure 

3.5. Confirm that the friction locks of the controls are set to the appropriate level 

3.6. Confirm that passengers are ready to depart (if already on board) 

3.7. Confirm the amount of fuel that is on board 

3.8. Look around the helicopter for new / unknown hazards (around the helicopter and on the skids) 

3.9. Confirm with passengers (if onboard) that there are no hazards on the passenger side of the aircraft 

3.10. Complete the manufacturer’s before takeoff checklist 

3.11. Communicate with ATC for takeoff clearance if departing from a controlled airport or announce departure on the 

common traffic advisory frequency (CTAF) if not taking off from a controlled airport 

3.12. Depart from base helipad < SA, A, N, C, MS > 

3.12.1. Raise the collective 

Note: The helicopter should be at full power before the collective is moved. 

3.12.1.1.1. During ascent, confirm that no limits are exceeded 

3.12.1.1.2. If limits are exceeded, lower the collected to bring the helicopter back to the ground 

3.12.2. Lift the helicopter into a hover through an engine power transition  

3.12.3. Inspect how much power is used to hover in IGE 

Note: Check aircraft performance any time the flight profile changes 

3.12.3.1. Look at the amount of torque used (ToT) 

3.12.3.2. Look at amount of power used (Ng and N1) 

3.12.3.3. Look for any caution or warning lights that have illuminated 

3.12.4. Transition into forward flight following a normal takeoff profile 

3.13. Continue forward flight to the desired altitude based on the flight profile < SA, A, N, C, MS > 

Note: Reference FAR 91.155 

Note: Fly at a low altitude based on winds, cloud ceilings, and/or if a short distance is to be flown.  

Note: Part 135 requires at least 3 mile visibility, at least 500 feet below the ceiling for cloud clearance, at least 

2000 ft horizontal clearance, and at least 300 feet above congested areas 

Note: 1000 ft ceilings and 3 mile visibility is required to fly VFR 

Note: Fly at a higher altitude if planning to fly a long distance 

Note: Altitude is also driven by the terrain and obstacles (e.g., mountains, towers, power lines, etc.) in the area 

3.14. Radio back to the office to inform the helicopter is en route 
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3.14.a.   Initiate flight following (where N number, color, pilot name, contact, and number of souls on board is 

provided) 

3.14.b.  Open flight plan and announce presence on radio by registration number, departing hangar, location, number 

of souls on board, how much fuel is on the aircraft, and the anticipated time of the next radio call 

Note: See FAR 91.153 for VFR flight planning information 

4. Travel en route to next landing point (for fuel, to pick up passengers, or to the destination) < SA, A, N, C, MS > 

4.1. Fly to location < SA, A, N, C, MS > 

4.2. Scan for traffic and obstacles (e.g., birds, airplanes, RC helicopters, wires, etc.) < SA, A, N, C, MS > 

4.3. Monitor flight instruments and aircraft performance < SA, A, N, C, MS > 

4.4. Monitor weather and verify that weather is what you expected < SA, A, N, C, MS > 

4.4.1. Check weather reports through ASOS < SA, A, N, C, MS > 

4.4.2. Check station weather observations < SA, A, N, C, MS >  

4.4.3. Contact FAA weather service stations for PIREPs when flying into an airspace that cannot be seen from the current 

location (such as a valley that is on the other side of a mountain ridge) < SA, A, N, C, MS > 

4.4.4. Determine if weather is aligning with what was expected < SA, A, N, C, MS > 

4.4.5. Determine if weather conditions continue to allow for safe and legal flight and return flight < SA, A, N, C, MS > 

4.5. Adhere to FAA airspace and weather regulations < SA, A, N, C, MS > 

5. (If passengers not yet on board) Pick up passengers 

5.1. Assess landing location < SA, A, N, C, MS > 

5.1.1. (If landing at an off-airport location) Within several miles of destination search for obstacles and terrain near 

landing site (e.g., trees, fences, guy wires, etc.) < SA, A, N, C, MS > 

5.1.2. (If landing at an off-airport location) Observe the terrain and surface conditions of the landing site (e.g., snow, 

rocks, stumps, fences, and poles) < SA, A, N, C, MS > 

Note: Unless modeled by the wind, snow covered terrain appears featureless and can lead to a loss of 

depth perception. 

Note: Flat light on snow and water can make the terrain appear featureless. 

5.1.3. Announce intent to land. 

5.1.3.1. If operating in a controlled airspace, contact ATC at least 5 miles from the landing location. 

5.1.3.2. If operating in a non-controlled airspace, announce intent to land on CTAF. 

5.1.4. As destination approaches, look for smaller obstacles (e.g., fences, propane tanks, wires, etc.) < SA, A, N, C, MS > 

5.1.5. Approximately ¼ mile from destination, initiate reconnaissance orbit to circle the landing location < SA, A, N, C, 

MS > 

Note: Complete one orbit at 300 ft – 400 ft AGL and another orbit at approximately 100 ft AGL 

5.1.5.1. Look for obstacles < SA, A, N, C, MS > 

Note: If flying from the left seat, a left orbit is preferred so the pilot can see the most amount of relevant 

information   

5.1.5.2. Assess winds (i.e., downdrafts, updrafts, gusts, wind direction, velocity) < SA, A, N, C, MS > 

5.1.5.3. Assess terrain and the interaction of the wind with the terrain < SA, A, N, C, MS > 

Note: As you cross a ridge windward to leeward, expect a downdraft   

5.1.5.4. Determine the path into the landing location < SA, A, N, C, MS > 

5.1.5.5. Identify visual indicators to confirm that helicopter is on the correct path into the landing location < SA, A, 

N, C, MS > 

5.1.5.6. Determine the best path out from the landing location with consideration to likely cross winds < SA, A, N, 

C, MS > 

5.1.5.7. Determine the appropriate type of approach (e.g., normal, steep) and the necessary angle and power < SA, 

A, N, C, MS > 

Note: Approach angle is determined by the height and proximity of obstacles to the landing site 

5.1.5.8. (If landing at an off-airport location) Assess the condition of the touchdown spot < SA, A, N, C, MS > 

5.1.5.8.1. Assess the surface condition of the touchdown spot (e.g., rocks, tree stumps, snow, mud, etc.) < SA, 

A, N, C, MS > 

5.1.5.8.2. Assess the angle / slope of the touchdown spot < SA, A, N, C, MS > 

5.1.5.9. Reaffirm power available by going to 0 speed over ground effect (OGE) over the landing spot (i.e., perform 

a power check) < SA, A, N, C, MS > 

5.1.5.9.1. Watch torque limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 
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5.1.5.9.2. Watch ToT limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 

5.1.5.9.3. Watch N1 limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 

5.1.6. (If landing at an off-airport location)  Exit the orbit and line up for the approach < SA, A, N, C, MS > 

5.1.7. Conduct a downwind traffic pattern with headwind < SA, A, N, C, MS > 

5.1.8. Initiate the approach < SA, A, N, C, MS > 

5.1.9. Follow the pre-determined path into the touchdown spot (looking for the visual references) at a low airspeed < SA, 

A, N, C, MS > 

5.1.10. Continuously reassess conditions and break off if unsafe < SA, A, N, C, MS > 

5.1.11. Complete the aircraft manufacturer’s landing checklist < SA, A, N, C, MS > 

5.2. Land helicopter < SA, A, N, C, MS > 

5.2.1. Hover over the touchdown location < SA, A, N, C, MS >  

5.2.2. Perform another reconnaissance of touchdown location for rocks, trunks, twigs, and to confirm the slope of the 

terrain < SA, A, N, C, MS > 

5.2.3. Keep helicopter’s center of gravity (COG) in between the skids while slowly lowering the collective until one or 

both skids are on the ground < SA, A, N, C, MS > 

Note: If the COG goes beyond one of the skids a dynamic rollover will occur 

5.2.4.  (If on a slope) Touch the skid on the uphill side of the slope down – make sure that the COG does not go past the 

skid < SA, A, N, C, MS > 

5.2.5. (If on a slope) Lower the collective and apply cyclic to the side in which the skid is already on the ground < SA, A, 

N, C, MS > 

Note: If landing on a slope, lowering the collective once one skid is on the ground will cause the helicopter 

to slide down the slope. Applying cyclic toward the side with the grounded skid will help to prevent the helicopter 

from sliding down the slope. 

Note: There is no gauge or indicator showing the helicopters COG in reference to the terrain. 

5.2.6. (If on a slope) Touchdown the second skid to the ground < SA, A, N, C, MS > 

5.2.7. Slowly reduce lift until sure that the helicopter is not sliding down the slope < SA, A, N, C, MS > 

5.2.7.1. Lower the collective < SA, A, N, C, MS > 

5.2.7.2. Slowly re-center the cyclic < SA, A, N, C, MS > 

5.2.8. When both skids are firmly on the ground, roll down the throttle < SA, A, N, C, MS > 

5.2.9. Complete the aircraft manufacturer’s shutdown checklist < SA, C, MS > 

Note: Tasks within the checklist are aircraft specific but could include tasks such as muting the warning 

horn, applying friction to the flight controls, and turning off engine deicing. 

5.3. Reassess weather conditions 

5.4. Greet passengers 

5.5. Determine exact weight of passengers and cargo 

5.6. Confirm that weight and balance and performance calculations are as predicted or better (i.e., maximum gross weight, 

CGE, and performance limits will not be exceeded) 

5.7. (If meeting passengers at the base location) Determine passengers prior helicopter experience (e.g., is it their first time in 

a helicopter or do they fly all the time) 

5.8. (If meeting passengers at the base location) Brief passengers on fire extinguishers, how to enter the helicopter, exit 

procedures, emergency procedures, not smoking, seat belt and door operation, how to shut off the engine and isolate the 

ductal system, and safety around the aircraft (when the engine is running and not running) 

5.9. (If meeting passengers at the base location) Brief passengers on where they should sit within the helicopter. 

5.10. Discuss (with passengers) what will be done if there is a change of weather (e.g., will the passengers stay at the site or 

leave the site with the helicopter pilot) – this is done to avoid making such a choice in a rushed circumstance 

5.11. Answer any passenger questions 

5.12. Call office on cell phone with information on current location, detailed passenger information, and destination 

information 

5.13. Fuel the helicopter if needed and if fuel is available 

5.14. Load passengers and secure cargo 

5.15. Perform a walk around of the helicopter once all doors are closed (see task 2.9.11) 

5.15.1.1. Walk around the helicopter from the nose, to the passenger door, to the tail, to the pilot door, to the nose 
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5.15.1.2. Verify that latches are closed 

5.15.1.3. Verify that rotors are untied 

5.15.1.4. Verify that covers are off 

5.15.1.5. Verify the gas cap is installed 

5.15.1.6. Verify that the area around the helicopter is clear of objects including hoses 

5.16. Enter the aircraft and secure the pilot side door 

5.17. Secure seat belt 

5.18. Complete all tasks in the aircraft manufacturer preflight checklist (see task 2.9.14) 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Complete all tasks in the aircraft manufacturer preflight checklist 

 Set control friction to an appropriate level 

 Ensure that the circuit breakers are in the appropriate position 

 Turn the battery switches on 

 Check the caution warning panel to ensure that the low rotor is illuminated and the static lights are on 

 Press the check button to ensure that all lights on the caution warning panel can illuminate 

 Set the station pressure of the departure location in the altimeter kollsman window 

 Turn on the fuel pump 

5.19. Depart from passenger pick-up location  

5.19.1. Start helicopter (see task 3.1) 

5.19.1.1. Complete all tasks in the aircraft manufacturer start-up checklist 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Press the starter button until the igniters make a “pop” sound 

 Start the engine 

 Wait until the minimum rotor speed is reached 

 Open the throttle to introduce fuel 

 Monitor the turbine output temperature (ToT) gauge to ensure that the reading is within limits 

 If the helicopter has a jet ranger auto and the limit is exceeded, shutdown the 

helicopter and contact maintenance 

 If the helicopter has a jet ranger auto and the trend of ToT is approaching the limit, 

shutoff fuel supply 

 If the helicopter has a long ranger, manipulate the throttle to control fuel flow and 

peak 

 Wait until the engine is up to ground idle 

 Perform the hydraulic systems check 

 Turn the hydraulics off 

 Ensure freedom of movement of the controls 

 Turn the hydraulics back on 

 Power the second fuel pump 

 Turn on the communication radios and set the appropriate frequencies 

 Turn on position lights 

 Turn on anti-collision lights 

 Turn on gyroscopic instrument 

 Roll throttle to 100% to obtain the flight gate 

 Adjust the deep range of N2 and NR 

 Perform another hydraulic systems check 

 Turn off the hydraulic systems 

 Check for no jump / bump in the system readings 

 Turn the hydraulic systems on 

 Set secondary systems (e.g., anti-ice, heater, etc.) as needed 

 Adjust the volume level on the radio as needed 

5.19.2. Confirm that seat belts have been fastened 

5.19.3. Verify that all doors are closed 

5.19.4. Verify that all items are secure 

5.19.5. Confirm that the friction locks of the controls are set to the appropriate level 
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5.19.6. Confirm that passengers are ready to depart (if already on board) 

5.19.7. Confirm the amount of fuel that is on board 

5.19.8. Look around the helicopter for new / unknown hazards 

5.19.9. Confirm with passengers that there are no hazards on the passenger side of the aircraft 

5.19.10. Communicate with ATC for takeoff clearance if departing from a controlled airport or announce departure on 

the common traffic advisory frequency (CTAF) if not taking off from a controlled airport 

5.19.11. Depart from passenger pick-up location (see task 3.11) < SA, A, N, C, MS >  

5.19.11.1. Raise the collective 

Note: The helicopter should be at full power before the collective is moved. 

5.19.11.1.1.1. During ascent, confirm that no limits are exceeded 

5.19.11.1.1.2. If limits are exceeded, lower the collected to bring the helicopter back to the ground 

5.19.11.2. Lift the helicopter into a hover through an engine power transition  

5.19.11.3. Inspect how much power is used to hover in IGE 

Note: Check aircraft performance any time the flight profile changes 

5.19.11.3.1. Look at the amount of torque used (ToT) 

5.19.11.3.2. Look at amount of power used (Ng and N1) 

5.19.11.3.3. Look for any caution or warning lights that have illuminated 

5.19.12. Transition into forward flight 

5.15.12.a.      Follow a normal takeoff profile 

Note: A normal takeoff profile keeps the aircraft within the flight diagram with the nose 

pushed forward to build airspeed. 

Note: A normal takeoff profile allows for a safe autorotation at a normal altitude with a 

normal speed 

Note: The goal is to avoid the dead man curve within the height velocity diagram. A 

helicopter can operate within the dead man curve, but it is much harder to fly. 

5.15.12.b. Follow a maximum performance takeoff profile 

Note: When flying a maximum performance takeoff, there is a chance that there might not 

be enough power to climb out (particularly when in warm weather, at high altitude, or when near 

maximum gross weight) 

5.15.12.b.1. Pull the power 

5.15.12.b.2. Climb straight up to avoid obstacles until the obstacles have been cleared 

Note: Consider using a small forward profile to gain effective transitional lift 

(ETL), but ETL should not be used to get off the ground. 

Note: If the helicopter stops going up and the pilot continues to pull up the rotor 

rpm will decay. The pilot should lower the collective and attempt to lower the altitude. 

5.15.12.b.3. Tip the nose forward to fly forward 

5.19.13. Continue forward flight to the desired altitude based on the flight profile < SA, A, N, C, MS > 

5.19.14. Radio back to the office to inform the helicopter is en route 

6. Travel en route to next landing point (for fuel, or to the destination) < SA, A, N, C, MS > 

6.1. Fly to location (approximately 1000 ft AGL) < SA, A, N, C, MS > 

6.2. Scan for traffic and obstacles < SA, A, N, C, MS > 

6.3. Monitor flight instruments and aircraft performance < SA, A, N, C, MS > 

6.4. Monitor weather and verify that weather is what you expected < SA, A, N, C, MS > 

6.4.1. Check weather reports through ASOS < SA, A, N, C, MS > 

6.4.2. Check station weather observations < SA, A, N, C, MS >  

6.4.3. Contact FAA weather service stations for PIREPs when flying into an airspace that cannot be seen from the current 

location (such as a valley that is on the other side of a mountain ridge) < SA, A, N, C, MS > 

6.4.4. Determine if weather is aligning with what was expected < SA, A, N, C, MS > 

6.4.5. Determine if weather conditions continue to allow for safe and legal flight and return flight < SA, A, N, C, MS > 

6.5. Adhere to FAA airspace and weather regulations < SA, A, N, C, MS > 

7. Approach drop-off destination < SA, A, N, C, MS > 

7.1. Within several miles of destination search for obstacles and terrain near landing site (e.g., trees, fences, guy wires, etc.) < 

SA, A, N, C, MS > 

7.2. Observe the terrain and surface conditions of the landing site (e.g., snow, rocks, stumps, fences, and poles) < SA, A, N, C, 

MS > 
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Note: Unless modeled by the wind, snow covered terrain appears featureless and can lead to a loss of depth 

perception. 

Note: Flat light on snow and water can make the terrain appear featureless. 

7.3. Announce intent to land. 

7.3.1. If operating in a controlled airspace, contact ATC at least 5 miles from the landing location. 

7.3.2. If operating in a non-controlled airspace, announce intent to land on CTAF. 

7.4. Within several miles of the destination, talk to the passengers about the exact landing location < SA, A, N, C, MS > 

7.5. As destination approaches, look for smaller obstacles (e.g., fences, propane tanks, wires, etc.) < SA, A, N, C, MS > 

7.6. Approximately ¼ mile from destination, initiate reconnaissance orbit to circle the landing location < SA, A, N, C, MS > 

Note: complete one orbit at 300 ft – 400 ft AGL and another orbit at approximately 100 ft AGL 

7.6.1. Look for obstacles < SA, A, N, C, MS > 

Note: If flying from the left seat, a left orbit is preferred so the pilot can see the most amount of relevant 

information   

7.6.2. Assess winds (i.e., downdrafts, updrafts, gusts, wind direction, velocity) < SA, A, N, C, MS > 

7.6.3. Assess terrain and the interaction of the wind with the terrain < SA, A, N, C, MS > 

Note: As you cross a ridge windward to leeward, expect a downdraft   

7.6.4. Determine the path into the landing location < SA, A, N, C, MS > 

7.6.5. Identify visual indicators to confirm that helicopter is on the correct path into the landing location < SA, A, N, C, 

MS > 

7.6.6. Determine the best path out from the landing location with consideration to likely cross winds < SA, A, N, C, 

MS > 

7.6.7. Determine the appropriate type of approach (e.g., normal, steep) and the necessary angle and power < SA, A, N, C, 

MS > 

Note: Approach angle is determined by the height and proximity of obstacles to the landing site 

7.6.8. Assess the condition of the touchdown spot < SA, A, N, C, MS > 

7.6.8.1. Assess the surface condition of the touchdown spot (e.g., rocks, tree stumps, snow, mud, etc.) < SA, A, N, 

C, MS > 

7.6.8.2. Assess the angle / slope of the touchdown spot < SA, A, N, C, MS > 

7.6.9. Reaffirm power available by going to 0 speed over ground effect (OGE) over the landing spot (i.e., perform a 

power check) < SA, A, N, C, MS > 

7.6.9.1. Watch torque limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 

7.6.9.2. Watch ToT limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 

7.6.9.3. Watch N1 limitations < SA, A, N, C, MS > 

Note: If any of the power limitations are exceeded (go over the red line) then the helicopter 

is over the power limit and the mission cannot be conducted 

7.7. Exit the orbit and line up for the approach < SA, A, N, C, MS > 

7.8. Conduct a downwind traffic pattern with headwind < SA, A, N, C, MS > 

7.9. Initiate the approach < SA, A, N, C, MS > 

7.10. Follow the pre-determined path into the touchdown spot (looking for the visual references) at a low airspeed < SA, A, N, 

C, MS > 

7.11. Continuously reassess conditions and break off if unsafe < SA, A, N, C, MS > 

8. Land at destination < SA, A, N, C, MS > 

8.1. Hover over the touchdown location < SA, A, N, C, MS >  

8.2. Perform another reconnaissance of touchdown location for rocks, trunks, twigs, and to confirm the slope of the terrain < 

SA, A, N, C, MS > 

8.3. Keep helicopter’s center of gravity (COG) in between the skids while slowly lowering the collective until one or both 

skids are on the ground < SA, A, N, C, MS > 

Note: If the COG goes beyond one of the skids a dynamic rollover will occur 

8.4.  (If on a slope) Touch the skid on the uphill side of the slope down – make sure that the COG does not go past the skid < 

SA, A, N, C, MS > 

8.5. (If on a slope) Lower the collective and apply cyclic to the side in which the skid is already on the ground < SA, A, N, C, 

MS > 
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Note: If landing on a slope, lowering the collective once one skid is on the ground will cause the helicopter to 

slide down the slope. Applying cyclic toward the side with the grounded skid will help to prevent the helicopter from sliding 

down the slope. 

Note: There is no gauge or indicator showing the helicopters COG in reference to the terrain. 

8.6. (If on a slope) Touchdown the second skid to the ground < SA, A, N, C, MS > 

8.7. Slowly reduce lift until sure that the helicopter is not sliding down the slope < SA, A, N, C, MS > 

8.7.1. Lower the collective < SA, A, N, C, MS > 

8.7.2. Slowly re-center the cyclic < SA, A, N, C, MS > 

8.8. When both skids are firmly on the ground, roll down the throttle < SA, A, N, C, MS > 

9. (If performing a cold landing) Shutdown aircraft 

9.1. Complete all aircraft manufacturer shutdown checklist items, including allowance for the engine cool down period, to 

shutdown the aircraft 

9.2. Wait for the rotor to stop moving 

9.3. Help passengers exit helicopter and unload cargo 

10. (If required for flight) Wait onsite for passengers 

10.1. Look over aircraft for any damage 

10.2. Contact office on cell phone to inform at destination location 

10.3. Walk around the area and assess the area that you will be leaving 

10.4. Observe weather 

10.4.1. Observe wind direction and wind gusts 

10.4.2. Look for fog in surrounding valleys 

10.4.3. Look at cloud levels forming 

10.4.4. Look for thunderstorms forming in surrounding areas 

10.5. If there are a different passengers leaving the destination then redo the weight / balance and performance calculations 

11. (If waiting for passengers onsite) When passengers are ready (or when weather or light conditions dictate) preflight the aircraft  

11.1. Fuel helicopter if needed and if fuel truck is located on site 

11.2. Load passengers and secure cargo (if applicable) 

11.3. Perform a walk around of the helicopter once all doors are closed 

Note: This walk around will be less thorough than the initial walk around of the mission. Check for any oil leaks 

and verify that the helicopter has not been damaged. 

11.3.1. Walk around the helicopter from the nose, to the passenger door, to the tail, to the pilot door, to the nose 

11.3.2. Verify that latches are closed 

11.4. Enter the aircraft and secure the pilot side door 

11.5. Complete all tasks in the aircraft manufacturer preflight checklist (see task 2.9.14) 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Complete all tasks in the aircraft manufacturer preflight checklist 

 Set control friction to an appropriate level 

 Ensure that the circuit breakers are in the appropriate position 

 Turn the battery switches on 

 Check the caution warning panel to ensure that the low rotor is illuminated and the static lights are on 

 Press the check button to ensure that all lights on the caution warning panel can illuminate 

 Set the station pressure of the departure location in the altimeter kollsman window 

 Turn on the fuel pump 

12. Depart from destination location (follow sub-tasks outlined under task 3) – Perform a reverse slope takeoff if needed  

12.1.  (If a cold landing was performed) Start helicopter (see tasks under 3.1) 

12.1.1. Complete all tasks in the aircraft manufacturer start-up checklist 

Note: Items within manufacturers’ checklists may vary, but will likely include the following: 

 Press the starter button until the igniters make a “pop” sound 

 Start the engine 

 Wait until the minimum rotor speed is reached 

 Open the throttle to introduce fuel 

 Monitor the turbine output temperature (ToT) gauge to ensure that the reading is within limits 

 If the helicopter has a jet ranger auto and the limit is exceeded, shutdown the helicopter 

and contact maintenance 
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 If the helicopter has a jet ranger auto and the trend of ToT is approaching the limit, 

shutoff fuel supply 

 If the helicopter has a long ranger, manipulate the throttle to control fuel flow and peak 

 Wait until the engine is up to ground idle 

 Perform the hydraulic systems check 

 Turn the hydraulics off 

 Ensure freedom of movement of the controls 

 Turn the hydraulics back on 

 Power the second fuel pump 

 Turn on the communication radios and set the appropriate frequencies 

 Turn on position lights 

 Turn on anti-collision lights 

 Turn on gyroscopic instrument 

 Roll throttle to 100% to obtain the flight gate 

 Adjust the deep range of N2 and NR 

 Perform another hydraulic systems check 

 Turn off the hydraulic systems 

 Check for no jump / bump in the system readings 

 Turn the hydraulic systems on 

 Set secondary systems (e.g., anti-ice, heater, etc.) as needed 

 Adjust the volume level on the radio as needed 

12.2. Confirm that seat belts have been fastened 

12.3. Verify that all doors are closed 

12.4. Verify that all items are secure 

12.5. Confirm that the friction locks of the controls are set to the appropriate level 

12.6. Confirm that passengers are ready to depart (if already on board) 

12.7. Confirm the amount of fuel that is onboard 

12.8. Look around the helicopter for new / unknown hazards 

12.9. Confirm with passengers (if onboard) that there are no hazards on the passenger side of the aircraft 

12.10. Communicate with ATC for takeoff clearance if operating in an controlled airspace or announce departure on CTAF if not 

operating in a controlled airspace 

12.11. Depart from drop-off location (see task 3.11) < SA, A, N, C, MS > 

12.11.1. Raise the collective 

Note: The helicopter should be at full power before the collective is moved. 

12.11.1.1.1. During ascent, confirm that no limits are exceeded 

12.11.1.1.2. If limits are exceeded, lower the collected to bring the helicopter back to the ground 

12.11.2. Lift the helicopter into a hover through an engine power transition  

12.11.3. Inspect how much power is used to hover in IGE 

Note: Check aircraft performance any time the flight profile changes 

12.11.3.1. Look at the amount of torque used (ToT) 

12.11.3.2. Look at amount of power used (Ng and N1) 

12.11.3.3. Look for any caution or warning lights that have illuminated 

12.11.4. Transition into forward flight < SA, A, N, C, MS > 

12.9.2.a.      Follow a normal takeoff profile 

12.9.2.b. Follow a maximum performance takeoff profile 

12.11.5. Continue forward flight to the desired altitude based on the flight profile < SA, A, N, C, MS > 

12.11.6. Radio back to the office to inform the helicopter is en route 

13. Fly en route towards base operating location or to the initial pick-up location of passengers (see subtasks under task 6) < SA, A, 

N, C, MS > 

Note: Flying back to the initial location is the same as flying out to the destination, but with a lower amount of fuel and 

increase considerations to weather and remaining sunlight. Greater consideration is made to alternate landing locations based on 

the current information at hand. 

13.1. Fly to location (approximately 1000 ft AGL) < SA, A, N, C, MS > 

13.2. Scan for traffic and obstacles < SA, A, N, C, MS > 

13.3. Monitor flight instruments and aircraft performance < SA, A, N, C, MS > 
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13.4. Monitor weather and verify that weather is what you expected < SA, A, N, C, MS > 

13.4.1. Check weather reports through ASOS < SA, A, N, C, MS > 

13.4.2. Check station weather observations < SA, A, N, C, MS >  

13.4.3. Contact FAA weather service stations for PIREPs when flying into an airspace that cannot be seen from the current 

location < SA, A, N, C, MS > 

13.4.4. Determine if weather is aligning with what was expected < SA, A, N, C, MS > 

13.4.5. Determine if weather conditions continue to allow for safe and legal flight < SA, A, N, C, MS > 

13.5. Adhere to FAA airspace and weather regulations < SA, A, N, C, MS > 

14. Approach home office < SA, A, N, C, MS > 

14.1. Make radio communication calls as necessary < SA, A, N, C, MS > 

14.2. Approach home office following a traffic pattern or flying straight into the landing location< SA, A, N, C, MS > 

14.2.1. Assess landing location for unknown values (wind speed, wind direction, cars, people, wildlife, etc.) < SA, A, N, 

C, MS > 

Note: The landing zone should be sterile 

15. Land helicopter < SA, A, N, C, MS > 

16. Complete all items on the aircraft manufacturer’s shutdown checklist 

Note: Tasks within the checklist are aircraft specific but could include tasks such as muting the warning horn, applying 

friction to the flight controls, and turning off engine deicing. 

16.1. Complete all items on the aircraft manufacturer’s shutdown checklist 

16.2. Stay in the helicopter until the rotors stop 

17. (If returning with passengers) Assist passengers and complete interactions with customer 

17.1. Open the doors for the passengers 

17.2. Thank passengers for the flight 

17.2.1. Discuss billing 

17.2.2. Ensure that passenger(s) were satisfied with the flight 

17.2.3. Schedule next flight with customer 

17.3. Unload passenger’s gear 

18. Complete post-flight activities 

18.1. Complete the post-flight inspection 

18.2. Inform maintenance of any anomalies 

18.3. Install main and tail rotor tie-downs and protective covers if needed 

18.4. Fill out aircraft flight log with passenger names and flight time (from the HOBBS meter) 

18.5. Clean the wind screen 

18.6. Clean the helicopter if it is dirty 

18.7. Push the helicopter back into the hangar 
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*Maintain Situation Awareness, Aviate, Navigate, Communicate, and Manage Systems* 

 

SA. Maintain Situation Awareness* 

SA.1. Maintain location awareness 

SA.2. Maintain aircraft systems awareness 

SA.3. Maintain weather awareness 

SA.4. Maintain terrain awareness 

SA.5. Maintain destination awareness 

SA.6. Maintain traffic awareness 

A.  Aviate* 

A.1. Control heading 

A.2. Control altitude 

A.3. Control speed 

N. Navigate* 

N.1. Determine where you are 

N.2. Determine where you want to go 

N.3. Determine how to go from the current location to the target location 

N.4. Adapt flight plan as needed 

C. Communicate* 

C.1. Update home office 

MS. Manage Systems* 

MS.1. Manage fuel 

MS.2. Manage electrical systems 

 

 

 

 



338 

 

 

Appendix F. Modified TRACEr Task Error Taxonomy for Study 2 

The bold text within the Task Error column represents the Top Level of the task error while the 

non-bold, indented text represents Lower Level task error classifications. 

Task Error Description 

Aviation / Aircraft Handling Error 

Altitude error Failed to maintain altitude 

Attitude error Failed to maintain attitude 

Deviation / Drift / Inadvertent 

Descent error 

Failed to maintain specified location while in a hover 

Energy state error Failed to maintain enough kinetic energy to clear object or terrain 

Heading error Failed to maintain heading / course 

Other aviation / aircraft handling 

error 

Other aircraft handling error 

Rotor RPM / Engine Power error Failed to maintain adequate rotor RPM or engine power 

Speed error Failed to maintain airspeed or vertical speed 

External Communication Error 

Between pilot and ATC A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and an air traffic controller 

Between pilot and dispatch / flight 

services 

A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and their dispatch / flight service 

center 

Between pilot and ground crew A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and a member of the ground 

crew (e.g. a member of a logging crew, a person attaching cargo 

to a long line, etc.) 

Between pilot and maintenance A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and personnel that performed or 

were supposed to perform maintenance on the helicopter 

Between pilot and management A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and management within their 

organization (likely before the helicopter departed on the 

mission) 

 

Between pilot and other (e.g., EMT, 

Captain of Boat, etc.) 

A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and another person on the 

ground (e.g. EMT, medic, or boat crew) 

 

Other external communication error A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot in the helicopter and some other person or source 

not listed in the above classifications. 
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Task Error Description 

Hand-Over / Take-Over Error 

Hand-over / take-over between 

pilots 

A failure in the hand-over / take-over of controls between two 

pilots. 

Hand-over / take-over between 

student and instructor 

A failure in the hand-over / take-over of controls between a 

student pilot and the instructor. 

Other hand-over / take-over error A failure in the hand-over / take-over in controls that cannot be 

categorized in the above classifications. 

Internal Communication Error 

Between pilot and crew A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot and a crew member in the helicopter 

Between pilot and passengers A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between a pilot and a passenger in the helicopter 

Between pilots A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

between two pilots in the helicopter 

Other Internal communication error A failure in communication (e.g. lack of communication, wrong 

information communicated, communication mis-understood) 

inside the helicopter that does not fit into the above categories 

Navigation Error 

Flight path planning error Failed to follow the planned flight path or failed to plan an 

adequate flight path that complies with aircraft parameters, 

weather restrictions, and terrain/obstacle clearance. 

 

Instrument navigation error An error interacting with or interpreting navigation equipment 

when operating Instrument Flight Rules (IFR) 

 

Misread chart information Misread or misinterpreted chart information that impeded 

navigation during flight 

 

Other navigation error Other navigation error 

Visual navigation error An error in navigation when operating under Visual Flight Rules 

(VFR) 

 

Perceptual / Motor Error 

Control error Failure to press a control, an error in pressing the wrong control, 

an incorrect control action (e.g., pressing a control the wrong 

direction), or a delay in pressing a control 

 

Display reading error An error in reading the information on a display. If selected make 

a note of what display the task error refers to within the accident 

log. 

 

Other perceptual / motor error Other perceptual or motor error 

 

Reach error An instance where a control could not be reached 
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Task Error Description 

Planning / Preparation Error 

Briefing error A failure in disseminating the correct information during pre-

flight briefing 

 

Did not gather needed / current 

information (WX, NOTAM, etc.) 

A failure in gathering the needed or current information 

necessary for the flight (e.g., weather information, NOTAMs, 

terrain/airspace charts, etc.) 

 

Other Planning / Preparation error A failure during planning / preparation that cannot be classified 

into the other Planning / Preparation Error categories 

 

Physical pre-flight error (did not 

bring necessary equipment) 

A failure to bring the necessary equipment onto the helicopter 

before the flight 

 

Physical pre-flight error 

(documentation) 

An error in reading or filling out the necessary documentation 

before the flight 

 

Physical pre-flight error (fuel) An error in loading the appropriate amount of fuel onboard the 

helicopter prior to the flight 

 

Physical pre-flight error 

(maintenance log) 

An error in checking the maintenance log during the pre-flight 

tasks 

 

Physical pre-flight error (walk 

around) 

An error during the pre-flight walk around (e.g., did not remove 

an item or shut a latch) 

 

Risk assessment / analysis error An error in entering in information or calculating the score 

during the risk assessment / analysis 

 

Weight and balance / performance 

calculation error 

An error that took place when calculating the helicopter’s weight 

and balance (e.g., using the wrong numbers, not calculating the 

correct amount of fuel, etc.) or other performance calculations 

(i.e., OGE and IGE) 

 

Procedure Error 

Auto-rotation error A procedural error occurring during an auto-rotation 

 

Mission specific procedure error A procedural error specific to a particular mission type (e.g. an 

error while hoisting a person from the water) 

 

Non-normal procedure error A procedural error occurring during a non-normal situation other 

than an auto-rotation 

 

Normal procedure error A procedural error occurring during normal operations (e.g. take-

off, climb, hover, en route flight, descent, etc.) that are not 

specific to a particular mission 

 

Other procedure error Other procedural error that cannot be classified in the above 

procedure errors 
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Task Error Description 

Situation Awareness / Monitoring Error 

 Aircraft systems awareness Failure in monitoring or situation awareness related to the aircraft 

status and systems (e.g., unaware of declining rotor RPM) 

Cargo / passenger status Failure in monitoring or situation awareness related to cargo or 

passengers 

Destination awareness Failure in monitoring or situation awareness related to the 

destination 

Location awareness Failure in monitoring or situation awareness related to the current 

location of the aircraft geographically when in motion or while in 

a hover 

Other situation awareness / 

monitoring error 

Other situation awareness / monitoring error 

Supervision Failure in monitoring or supervision of other pilot’s / student’s 

actions within the helicopter 

Terrain / obstacle awareness Failure in monitoring or situation awareness related to terrain and 

obstacles in the area surrounding the helicopter 

Weather awareness Failure in monitoring or situation awareness related to weather in 

the area in front of or surrounding the helicopter 

System Management Error 

Checklist error Failure to perform, comply with, or complete a checklist item 

Communication systems error Failure to manage a communication system 

Electrical systems error Failure to manage an electrical system 

Environmental control error Failure to manage an environmental control system 

Fuel error Failure to manage the fuel system (e.g. running out of fuel) 

Hydraulic systems error Failure to manage the hydraulics system 

Lighting error Failure to manage the lighting (internal or external) 

Material handling / hoist error Failure to manage a material handling (e.g. load line) or hoist 

system 

Navigation systems error Failure to manage a navigation system 

Other systems management error Other systems management error that does not fit in one of the 

above categories 

Training / Supervision Error 

Delayed action Supervisor, management, or instructor failed to take action in a 

timely manner 

Inadequate supervision Supervisor, management, or instructor failed in providing 

adequate oversight and supervision 

Material missing from training Critical / important / relevant material was missing from training 

material 

Other training / supervision error A failure in training or supervision that does not fit into the 

above categories 
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Appendix G. Modified TRACEr Information Taxonomy for Study 2 

 

The table presents the Information Category (i.e., top level type of information) and the 

Information on an individual Level. The Information Categories are in bold text while the 

Individual Information is indented. 

 

Information Classifications Description 

Airport / Destination Information 

Destination e.g. the pilot mistook a location for their destination 

landing location 

Ground Vehicles e.g. The pilot failed to detect a fuel truck that was in 

close proximity to the landing pad 

Heliport e.g. The pilot landed on the wrong heliport 

Lighting e.g. The pilot crossed a runway stop bar that indicated 

that the runway was in use 

Obstacles e.g. The pilot failed to detect an obstacle when 

maneuvering around the airport. 

Other Airport / Destination Information  

Personnel  

Runway  

Taxiway e.g. the pilot was taxiing on the wrong taxiway 

Terrain / surface condition e.g. the pilot was unaware of the height of the grass, 

the condition of the snowy landing surface (potential 

for crust on snow), or the condition of the asphalt  

Weather e.g. The flight crew failed to look up the weather at 

the destination airport / helipad 

Airspace Information 

Airspace Restrictions e.g. The pilot was unaware of an airspace restriction 

and flew through a restricted area. 

Airspace Type  

Distance e.g. The pilot misjudged the distance required to 

travel during flight planning 

Geographic Position  

Other Airspace Information  

Sector  

Terrain / Obstacles / HTAWS e.g. The pilot was unaware of terrain or obstacles in 

the area 

Time  

Weather / Radar  

Pilot Material 

Briefing Material e.g. The pilot misread the briefing material 

Charts e.g. The pilot failed to read the latest chart 

Checklist Items e.g. The pilot failed to complete a checklist item 

Flight Plan e.g. The pilot misread the flight plan 
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Information Classifications Description 

Other Pilot Material  

Procedures - Aircraft Manual e.g. Aircraft performance parameters 

Procedures - Company Standard Operating 

Procedures 

e.g. The pilot violated a company SOP about leaving 

the helicopter running when no one was inside it 

Procedures - Navigation  

Procedures - Regulation e.g. The pilot failed to comply with an FAA regulation 

Variable Aircraft Information & Pilot Activities 

Aircraft e.g. The pilot did not see another aircraft on the ADS-

B In display 

Aircraft Performance  

Airspeed  

Altitude e.g. The pilot misheard the altitude given in the ATC 

clearance 

Avoiding Action e.g. The pilot failed to perform a necessary action to 

avoid an obstacle 

Call sign  

Clearance e.g. the pilot thought a clearance provided for a 

different aircraft was for them 

Climb e.g. the pilot failed to climb the helicopter at a fast 

enough rate 

Conflict / Traffic / TCAS  

Conversational R/T  

Descent e.g. the pilot decided to descent the aircraft when an 

alternate action would have been more appropriate 

Direction of Turn e.g. The pilot turned the aircraft in the wrong direction 

Drift e.g. the helicopter drifted from the intended location 

Emergency / Non-Normal  

Estimated Weight e.g. the pilot incorrectly estimated the weight on the 

aircraft within the weight and balance calculations 

Flight Level (FL)  

Frequency e.g. the pilot dialed in the wrong radio frequency 

Fuel e.g. the pilot misread the fuel level while flying the 

helicopter 

Heading e.g. The pilot was following the wrong heading 

Holding e.g. The pilot failed to enter into a holding pattern 

despite instructions from ATC 

Maintenance Log e.g. the pilot failed to review the maintenance logs 

before the start of the flight or the maintenance log did 

not include a complete set of information 

Navigational Database e.g. The pilot incorrectly entered information or the 

navigation database was out of date 

NOTAMS (Notice to Airmen) e.g. Pilot failed to adhere to a NOTAM issued for the 

time of the flight 

Other aircraft information e.g. The pilot misread the display 
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Information Classifications Description 

Pitch  

Prepared / Modified Flight Plan  

Roll  

Rotor RPM  

Route  

Special Instructions  

Task sequencing  

Vertical Speed  

Workload  
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Appendix H. Modified TRACER Performance Shaping Factor Taxonomy for Study 2 
 

Communication 

 Communication equipment 

quality / reliability 

 Communication method 

 Communication quality 

 Incorrect information 

 Information content 

 Lack of information 

 Language & accent 

 Other communication factors 

 Phraseology & 

communication standards 

 

Experience / Competence / Training 

 Availability of training 

 Compatibility / suitability of 

training 

 Competence 

 Competence testing 

 Level of experience 

 Mentoring quality 

 Other experience / 

competence / training factors 

 Recency of training 

 Task familiarity 

 Training content quality 

 Training method quality 

 

External Environment 

 Altitude / Elevation (impact 

on air density) 

 Day / Bright Light 

 Flat terrain 

 Icing 

 Night 

 Other external environment 

factors 

 Other obstacles (besides 

trees, power lines, wires, 

trees) 

 Other terrain (besides flat or 

steep) 

 Power lines / Wires 

 Precipitation 

 Surface condition 

 Steep terrain 

 Temperature 

 Trees 

 Visibility 

 

  



346 

 

 

Human Machine Interface & Equipment Factors 

 Health risks 

 Alarms and warning devices 

quality (general) 

 Allocation of function 

 Console / cockpit ergonomics 

 Electronic tool quality 

(general) 

 Equipment reliability 

 Information accuracy / 

correctness 

 Information availability 

 Information availability / 

access 

 Information clarity 

 Information complexity 

 Information 

comprehensiveness / 

completeness 

 Information location / 

position 

 Information quantity 

 Information structure 

 Information type / format 

 Information validity 

 Input device quality 

 Other HMI or equipment 

factors 

 Other workplace design 

factors 

 Supplementary information 

display quality (general) 

 Task involvement 

 Traffic display quality 

(general) 

 Trust in equipment 

 Visual display quality 

(general) 

 Workplace arrangement / 

accommodation quality 

 

Infrastructure / Traffic / Airspace 

 Airport Design 

 Heavy Traffic 

 Other infrastructure / traffic / 

airspace factors 

 Time Pressure 

 Weather 

 

Internal Environment 

 Air Quality 

 Distraction 

 Glare / Lighting 

 Noise 

 Other internal environment 

factors 

 Temperature 
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Organizational Factors 

 Commercial pressure 

 Condition of work 

 Incentives for employees 

 Job security 

 Leadership 

 Organizational change 

 Other organizational factors 

 Quality of procedures, 

standards, and regulation 

 Relations with management 

 Rostering 

 Safety culture (e.g., disregard 

procedures) 

 Safety Management Systems 

 Shift pattern (e.g., working 

hours, breaks, manning, etc.) 

 Staff availability 

 Supervision 

 

Personal Factors 

 Age-related issues 

 Alertness / Concentration / 

Fatigue 

 Anxiety / panic 

 Boredom 

 Complacency 

 Confidence 

 Decision making skills 

 Distraction / mismanagement 

of attention 

 Domestic issues 

 Emotional or occupational 

stress 

 Expectations 

 Fatigue 

 Fitness issues 

 Individual characteristics 

 Interpretation 

 Job satisfaction / morale 

 Mental health issues 

 Motivation 

 Other personal factors 

 Perception 

 Physical health issues 

 Situational Awareness 

 Stress 

 Vigilance
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Procedures / Documentation 

 Compatibility with other 

procedures 

 Duration in use or 

stability 

 Other procedure factors 

 Procedure access / 

location (note: permission 

to come into contact) 

 Procedure accuracy / 

correctness 

 Procedure availability 

(note: capable of contact) 

 Procedure clarity 

 Procedure complexity 

 Procedure 

comprehensiveness / 

completeness 

 Procedure format 

(physical) 

 Procedure quantity 

 Procedure realism / 

feasibility / suitability 

 Procedure structure 

 Procedure type 

 Procedure validity / 

validation 

 Time pressure - time to 

respond 

 Workload 

 

Social & Team Factors 

 Allocation of 

responsibility 

 Assistance and support 

 Hand-over / take-over 

 Inter-team coordination 

 Other social and team 

factors 

 Supervision within crew 

 Team communication 

quality 

 Team co-ordination 

quality 

 Team maturity 

 Team relations and trust 

 Team structure & 

dynamics (formation) 

 Team working methods 
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Appendix I. NTSB Helicopter Accident Report Example 
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Appendix J. Accident Numbers for the Study 2 Accident Report Set 

 

 ANC08LA127 

 ANC12CA111 

 CEN09CA290 

 CEN09MA117 

 CEN10CA280 

 CEN11CA152 

 CEN11CA540 

 CEN12LA247 

 CEN12LA648 

 CEN12LA667 

 CEN13CA124 

 CEN13FA331 

 CEN13LA194 

 CEN13LA463 

 CEN14CA017 

 CEN14CA360 

 CEN14CA513 

 CEN14LA022 

 CEN14LA465 

 CEN15CA312 

 CHI08CA192 

 CHI08FA132 

 DEN08MA116A 

 ERA09CA482 

 ERA10FA403 

 ERA11CA474 

 ERA11FA042 

 ERA12CA304 

 ERA12LA210 

 ERA12TA251 

 ERA14CA216 

 ERA14FA010 

 ERA15CA127 

 ERA15CA262 

 ERA15LA060 

 GAA15CA061 

 GAA15CA202 

 GAA15CA232 

 GAA15CA280 

 WPR09CA155 

 WPR09CA198 

 WPR09LA144 

 WPR10CA094 

 WPR10CA192 

 WPR10CA193 

 WPR10CA285 

 WPR10FA371 

 WPR11CA264 

 WPR11LA190 

 WPR11LA469 

 WPR12CA183 

 WPR12CA307 

 WPR12CA387 

 WPR12LA244 

 WPR12MA034 

 WPR13CA068 

 WPR13FA208 

 WPR13LA360 

 WPR14CA115 

 WPR14LA160 



353 

 

 

Appendix K. Distribution of TRACEr Task Error Classifications from a Set of 

58 Helicopter Accident Reports 

 

 

Task Error Classification Count Percent 

(%) 

Aviation / Aircraft Handling Error 

Altitude error 2 2 

Attitude error 2 2 

Deviation / Drift / Inadvertent Descent error 8 8 

Energy state error 1 1 

Heading error 0 0 

Other aviation / aircraft handling error 7 7 

Rotor RPM / Engine Power error 8 8 

Speed error 1 1 

Auto-rotation error 9 9 

External Communication Error 

Between pilot and ATC 1 1 

Between pilot and dispatch / flight services 0 0 

Between pilot and ground crew 0 0 

Between pilot and maintenance 0 0 

Between pilot and management 0 0 

Between pilot and other (e.g., EMT, Captain of Boat, etc.) 0 0 

Other external communication error 0 0 

Hand-Over / Take-Over Error 

Hand-over / take-over between pilots 0 0 

Hand-over / take-over between student and instructor 2 2 

Other hand-over / take-over error 0 0 

Internal Communication Error 

Between pilot and crew 0 0 

Between pilot and passengers 0 0 

Between pilots 0 0 

Other Internal communication error 0 0 

Navigation Error 

Flight path planning error 1 1 

Instrument navigation error 0 0 

Misread chart information 0 0 

Other navigation error 0 0 
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Task Error Classification Count Percent 

(%) 

Visual navigation error 2 2 

Perceptual / Motor Error 

Control error 1 1 

Display reading error 0 0 

Other perceptual / motor error 0 0 

Reach error 0 0 

Planning / Preparation Error 

Briefing error 0 0 

Did not gather needed / current information (WX, NOTAM, etc.) 1 1 

Other Planning / Preparation error 2 2 

Physical pre-flight error (did not bring necessary equipment) 0 0 

Physical pre-flight error (documentation) 0 0 

Physical pre-flight error (fuel) 2 2 

Physical pre-flight error (maintenance log) 0 0 

Physical pre-flight error (walk around) 2 2 

Risk assessment / analysis error 2 2 

Weight and balance / performance calculation error 1 1 

Procedure Error 

Auto-rotation error 4 4 

Mission specific procedure error 4 4 

Non-normal procedure error 3 3 

Normal procedure error 2 2 

Other procedure error 2 2 

Situation Awareness / Monitoring Error 

Aircraft systems awareness 3 3 

Cargo / passenger status 0 0 

Destination awareness 0 0 

Location awareness 1 1 

Other situation awareness / monitoring error 1 1 

Supervision 0 0 

Terrain / obstacle awareness 11 11 

Weather awareness 0 0 

Systems Management Error 

Checklist error 0 0 

Communication systems error 0 0 
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Task Error Classification Count Percent 

(%) 

Electrical systems error 0 0 

Environmental control error 0 0 

Fuel error 2 2 

Hydraulic systems error 0 0 

Lighting error 0 0 

Material handling / hoist error 0 0 

Navigation systems error 0 0 

Other systems management error 0 0 

Training / Supervision Error 

Delayed action 4 4 

Inadequate supervision 7 7 

Material missing from training 0 0 

Other training / supervision error 0 0 

Other 1 1 
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Appendix L. Distribution of TRACEr Internal Error Mode Classifications from 

a Set of 58 Helicopter Accident Reports 

 

Internal Error Mode Classifications Count Percent (%) 

Violations 2 1.67% 

Routine Violation 1 0.83% 

Situational Violation 1 0.83% 

Exceptional Violation 0 0.00% 

Optimizing Violation 0 0.00% 

Perception 23 19.17% 

Hearback error 0 0.00% 

Late auditory recognition 0 0.00% 

Late detection (visual) 8 6.67% 

Late identification (visual) 3 2.50% 

Mishear 0 0.00% 

Misidentification (visual) 0 0.00% 

Misread 0 0.00% 

No detection (auditory) 0 0.00% 

No detection (visual) 10 8.33% 

No identification (visual) 0 0.00% 

Perception error 1 0.83% 

Visual misperception 1 0.83% 

Judgment, Planning, and Decision Making 39 32.50% 

Incorrect decision 9 7.50% 

Incorrect plan 10 8.33% 

Judgment, planning, and decision making error 3 2.50% 

Late decision 0 0.00% 

Misprojection 5 4.17% 

No decision 0 0.00% 

No plan 2 1.67% 

Under-plan 10 8.33% 

Memory 7 5.83% 

Forget or misrecall previous actions 0 0.00% 

Forget stored information 1 0.83% 

Forget temporary information 1 0.83% 

Forget to monitor 1 0.83% 

Memory error 0 0.00% 

Misrecall stored information 0 0.00% 

Misrecall temporary information 0 0.00% 

Prospective memory failure 4 3.33% 

Action Control 47 39.17% 

Action control error 13 10.83% 

Action omission 2 1.67% 

Incorrect information recorded 0 0.00% 

Incorrect information transmitted 0 0.00% 

Information not recorded 0 0.00% 

Information not transmitted 4 3.33% 

Positioning error 20 16.67% 

Selection error 4 3.33% 

Timing error 4 3.33% 
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Internal Error Mode Classifications Count Percent (%) 

Typing error 0 0.00% 

Unclear information recorded 0 0.00% 

Unclear information transmitted 0 0.00% 

Missing 2 1.67% 

Total 120  
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Appendix M. Distribution of TRACEr Psychological Error Mechanisms from a 

Set of 58 Helicopter Accident Reports 

 

Psychological Error Mechanism Classification Count Percent (%) 

Violations 0 0.00% 

Perception 13 10.74% 

Distraction / preoccupation 2 1.65% 

Expectation bias 2 1.65% 

Perceptual confusion 0 0.00% 

Perceptual discrimination failure 8 6.61% 

Perceptual tunneling 1 0.83% 

Spatial confusion 0 0.00% 

Stimulus overload 0 0.00% 

Vigilance failure 0 0.00% 

Judgment, Planning, and Decision Making 19 15.70% 

Cognitive fixation 0 0.00% 

Decision freeze 0 0.00% 

Failure to consider side- or long-term effects 6 4.96% 

False assumptions 3 2.48% 

Incorrect knowledge 1 0.83% 

Integration failure 6 4.96% 

Lack of knowledge 0 0.00% 

Misunderstanding communication 0 0.00% 

Risk negation or tolerance 1 0.83% 

Risk recognition failure 2 1.65% 

Memory 2 1.65% 

Distraction / preoccupation 2 1.65% 

Infrequency bias 0 0.00% 

Insufficient learning 0 0.00% 

Memory capacity overload 0 0.00% 

Mislearning 0 0.00% 

Negative transfer 0 0.00% 

Similarity interference 0 0.00% 

Action Control 15 12.40% 

Distraction / preoccupation 2 1.65% 

Functional confusion 0 0.00% 

Habit intrusion 0 0.00% 

Manual variability 10 8.26% 

Other slip 2 1.65% 

Perceptual confusion 0 0.00% 

Spatial confusion 1 0.83% 

Speech variability 0 0.00% 

Thoughts leading to actions / speech 0 0.00% 

Missing 72 59.50% 

Total 121  
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Appendix N. Distribution of TRACEr Information Classifications from a Set of 

58 Helicopter Accident Reports 

 

Information Classification Count Percent (%) 

Airport/Destination Information 10 6.71% 

Destination 0 0.00% 

Ground Vehicles 1 0.67% 

Heliport 0 0.00% 

Lighting 0 0.00% 

Obstacles 4 2.68% 

Other Airport / Destination Information 0 0.00% 

Personnel 0 0.00% 

Runway 0 0.00% 

Taxiway 0 0.00% 

Terrain / Surface Conditions 3 2.01% 

Weather 2 1.34% 

Airspace Information 21 14.09% 

Airspace Restrictions 0 0.00% 

Airspace Type 0 0.00% 

Distance 0 0.00% 

Geographic Position 0 0.00% 

Other Airspace Information 1 0.67% 

Sector 0 0.00% 

Terrain / Obstacles / HTAWS 14 9.40% 

Time 0 0.00% 

Weather / Radar 6 4.03% 

Pilot Material 25 16.78% 

Briefing Material 0 0.00% 

Charts 0 0.00% 

Checklist Items 3 2.01% 

Flight Plan 1 0.67% 

Other Pilot Material 5 3.36% 

Procedures - Aircraft Manual 4 2.68% 

Procedures - Company Standard Operating Procedures 5 3.36% 

Procedures - Navigation 2 1.34% 

Procedures - Regulation 5 3.36% 

Variable Aircraft Information & Pilot Activities 86 57.72% 

Aircraft 0 0.00% 

Aircraft Performance 5 3.36% 

Airspeed 3 2.01% 

Altitude 8 5.37% 

Avoiding Action 6 4.03% 

Call Sign 0 0.00% 

Clearance 1 0.67% 

Climb 0 0.00% 

Conflict / Traffic / TCAS 1 0.67% 

Conversational R/T 0 0.00% 

Descent 8 5.37% 



360 

 

 

Information Classification Count Percent (%) 

Direction of Turn 5 3.36% 

Drift 8 5.37% 

Emergency / Non-Normal 7 4.70% 

Estimated Weight 1 0.67% 

Flight Level (FL) 0 0.00% 

Frequency 0 0.00% 

Fuel 5 3.36% 

Heading 0 0.00% 

Holding 0 0.00% 

Maintenance Log 0 0.00% 

Navigational Database 0 0.00% 

NOTAMS 0 0.00% 

Other aircraft information 2 1.34% 

Pitch 5 3.36% 

Prepared/Modified Flight Plan 0 0.00% 

Roll 2 1.34% 

Rotor RPM 18 12.08% 

Route 0 0.00% 

Special Instructions 0 0.00% 

Task Sequencing 1 0.67% 

Vertical Speed 0 0.00% 

Workload 0 0.00% 

Other Information 7 4.70% 

Missing 0 0.00% 

Total 149  
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Appendix O. Distribution of 236 TRACEr PSF Classifications for the Set of 58 

Helicopter Accident Reports 

 

Performance Shaping Factor Classification Count Percent (%) 

Communication 4 1.69% 

Communication equipment quality / reliability 0 0.00% 

Communication method 0 0.00% 

Communication quality 0 0.00% 

Incorrect information 1 0.42% 

Information content 0 0.00% 

Lack of information 3 1.27% 

Language & accent 0 0.00% 

Other communication factors 0 0.00% 

Phraseology & communication standards 0 0.00% 

Experience / Competence / Training 35 14.83% 

Availability of training 0 0.00% 

Compatibility / suitability of training 0 0.00% 

Competence 15 6.36% 

Competence testing 0 0.00% 

Level of experience 14 5.93% 

Mentoring quality 3 1.27% 

Other experience / competence / training factors 1 0.42% 

Recency of training 1 0.42% 

Task familiarity 1 0.42% 

Training content quality 0 0.00% 

Training method quality 0 0.00% 

External Enviroment 64 27.12% 

Altitude / Elevation (impact on air density) 4 1.69% 

Day / Bright Light 1 0.42% 

Flat terrain 0 0.00% 

Icing 0 0.00% 

Night 4 1.69% 

Other external environment factors 13 5.51% 

Other obstacles (besides trees, power lines, wires, trees) 5 2.12% 

Other terrain (besides flat or steep) 1 0.42% 

Power lines / Wires 10 4.24% 

Precipitation 2 0.85% 

Surface condition 5 2.12% 

Steep terrain 3 1.27% 

Temperature 2 0.85% 

Trees 4 1.69% 

Visibility 10 4.24% 

Human Machine Interface & Equipment Factors 15 6.36% 

Health risks 0 0.00% 

Alarms and warning devices quality (general) 2 0.85% 

Allocation of function 0 0.00% 

Console / cockpit ergonomics 0 0.00% 

Electronic tool quality (general) 0 0.00% 

Equipment reliability 4 1.69% 

Information accuracy / correctness 0 0.00% 
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Performance Shaping Factor Classification Count Percent (%) 

Information availability / access 0 0.00% 

Information clarity 0 0.00% 

Information complexity 0 0.00% 

Information comprehensiveness / completeness 0 0.00% 

Information location / position 0 0.00% 

Information quantity 0 0.00% 

Information structure 0 0.00% 

Information type / format 0 0.00% 

Information validity 0 0.00% 

Input device quality 0 0.00% 

Other HMI or equipment factors 7 2.97% 

Other workplace design factors 1 0.42% 

Supplementary information display quality (general) 0 0.00% 

Task involvement 0 0.00% 

Traffic display quality (general) 0 0.00% 

Trust in equipment 0 0.00% 

Visual display quality (general) 0 0.00% 

Workplace arrangement / accommodation quality 1 0.42% 

Infrastructure / Traffic / Airspace 2 0.85% 

Airport Design 0 0.00% 

Heavy Traffic 0 0.00% 

Other infrastructure / traffic / airspace factors 1 0.42% 

Time Pressure 0 0.00% 

Weather 1 0.42% 

Internal Environment 1 0.42% 

Air Quality 0 0.00% 

Distraction 1 0.42% 

Glare / Lighting 0 0.00% 

Noise 0 0.00% 

Other internal environment factors 0 0.00% 

Temperature 0 0.00% 

Organizational Factors 15 6.36% 

Commercial pressure 0 0.00% 

Condition of work 0 0.00% 

Incentives for employees 0 0.00% 

Job security 0 0.00% 

Leadership 0 0.00% 

Organizational change 0 0.00% 

Other organizational factors 1 0.42% 

Quality of procedures, standards, and regulation 7 2.97% 

Relations with management 0 0.00% 

Rostering 0 0.00% 

Safety culture (e.g., disregard procedures) 3 1.27% 

Safety Management Systems 0 0.00% 

Shift pattern (e.g., working hours, breaks, manning, etc.) 0 0.00% 

Staff availability 0 0.00% 

Supervision 4 1.69% 

Personal Factors 70 29.66% 

Age-related issues 0 0.00% 

Alertness / Concentration / Fatigue 0 0.00% 
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Performance Shaping Factor Classification Count Percent (%) 

Anxiety / panic 2 0.85% 

Boredom 0 0.00% 

Complacency 1 0.42% 

Confidence 1 0.42% 

Decision making skills 24 10.17% 

Distraction / mismanagement of attention 8 3.39% 

Domestic issues 0 0.00% 

Emotional or occupational stress 0 0.00% 

Expectations 3 1.27% 

Fatigue 0 0.00% 

Fitness issues 0 0.00% 

Individual characteristics 0 0.00% 

Interpretation 0 0.00% 

Job satisfaction / morale 0 0.00% 

Mental health issues 0 0.00% 

Motivation 0 0.00% 

Other personal factors 0 0.00% 

Perception 2 0.85% 

Physical health issues 2 0.85% 

Situational Awareness 26 11.02% 

Stress 1 0.42% 

Vigilance 0 0.00% 

Procedures / Documentation 13 5.51% 

Compatibility with other procedures 2 0.85% 

Duration in use or stability 0 0.00% 

Other procedure factors 1 0.42% 

Procedure access / location (note: permission to come into contact) 0 0.00% 

Procedure accuracy / correctness 0 0.00% 

Procedure availability (note: capable of contact) 1 0.42% 

Procedure clarity 0 0.00% 

Procedure complexity 0 0.00% 

Procedure comprehensiveness / completeness 1 0.42% 

Procedure format (physical) 0 0.00% 

Procedure quantity 0 0.00% 

Procedure realism / feasibility / suitability 0 0.00% 

Procedure structure 0 0.00% 

Procedure type 0 0.00% 

Procedure validity / validation 0 0.00% 

Time pressure - time to respond 8 3.39% 

Workload 0 0.00% 

Social & Team Factors 17 7.20% 

Allocation of responsibility 1 0.42% 

Assistance and support 0 0.00% 

Hand-over / take-over 2 0.85% 

Inter-team coordination 0 0.00% 

Other social and team factors 0 0.00% 

Supervision within crew 8 3.39% 

Team communication quality 1 0.42% 

Team co-ordination quality 2 0.85% 

Team maturity 0 0.00% 
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Performance Shaping Factor Classification Count Percent (%) 

Team relations and trust 1 0.42% 

Team structure & dynamics (formation) 0 0.00% 

Team working methods 0 0.00% 

Missing 2 0.85% 

Total 236   
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Appendix P. Distribution of TRACEr Performance Shaping Factors that 

Improved or Degraded the Detection of Error Events in 58 Helicopter Accident 

Reports 

 

Detection Performance Shaping Factor Classifications Count 

Percent 

(%) 

Communication 2 1.87% 

Communication equipment quality / reliability 0 0.00% 

Communication method 0 0.00% 

Communication quality 1 0.93% 

Incorrect information 0 0.00% 

Information content 0 0.00% 

Lack of information 1 0.93% 

Language & accent 0 0.00% 

Other communication factors 0 0.00% 

Phraseology & communication standards 0 0.00% 

Experience / Competence / Training 9 8.41% 

Availability of training 0 0.00% 

Compatibility / suitability of training 0 0.00% 

Competence 1 0.93% 

Competence testing 0 0.00% 

Level of experience 4 3.74% 

Mentoring quality 4 3.74% 

Other experience / competence / training factors 0 0.00% 

Recency of training 0 0.00% 

Task familiarity 0 0.00% 

Training content quality 0 0.00% 

Training method quality 0 0.00% 

External Environment 8 7.48% 

Altitude / Elevation (impact on air density) 0 0.00% 

Day / Bright Light 0 0.00% 

Flat terrain 0 0.00% 

Icing 0 0.00% 

Night 0 0.00% 

Other external environment factors 2 1.87% 

Other obstacles (besides trees, power lines, wires, trees) 0 0.00% 

Other terrain (besides flat or steep) 0 0.00% 

Power lines / Wires 0 0.00% 

Precipitation 0 0.00% 

Surface condition 0 0.00% 

Steep terrain 0 0.00% 

Temperature 0 0.00% 

Trees 0 0.00% 

Visibility 6 5.61% 

Human Machine Interface & Equipment Factors 5 4.67% 

Health risks 0 0.00% 

Alarms and warning devices quality (general) 5 4.67% 

Allocation of function 0 0.00% 

Console / cockpit ergonomics 0 0.00% 

Electronic tool quality (general) 0 0.00% 
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Detection Performance Shaping Factor Classifications Count 

Percent 

(%) 

Equipment reliability 0 0.00% 

Information accuracy / correctness 0 0.00% 

Information availability / access 0 0.00% 

Information clarity 0 0.00% 

Information complexity 0 0.00% 

Information comprehensiveness / completeness 0 0.00% 

Information location / position 0 0.00% 

Information quantity 0 0.00% 

Information structure 0 0.00% 

Information type / format 0 0.00% 

Information validity 0 0.00% 

Input device quality 0 0.00% 

Other HMI or equipment factors 0 0.00% 

Other workplace design factors 0 0.00% 

Supplementary information display quality (general) 0 0.00% 

Task involvement 0 0.00% 

Traffic display quality (general) 0 0.00% 

Trust in equipment 0 0.00% 

Visual display quality (general) 0 0.00% 

Workplace arrangement / accommodation quality 0 0.00% 

Infrastructure / Traffic / Airspace 0 0.00% 

Airport Design 0 0.00% 

Heavy Traffic 0 0.00% 

Other infrastructure / traffic / airspace factors 0 0.00% 

Time Pressure 0 0.00% 

Weather 0 0.00% 

Internal Environment 0 0.00% 

Air Quality 0 0.00% 

Distraction 0 0.00% 

Glare / Lighting 0 0.00% 

Noise 0 0.00% 

Other internal environment factors 0 0.00% 

Temperature 0 0.00% 

Organizational Factors 1 0.93% 

Commercial pressure 0 0.00% 

Condition of work 0 0.00% 

Incentives for employees 0 0.00% 

Job security 0 0.00% 

Leadership 0 0.00% 

Organizational change 0 0.00% 

Other organizational factors 0 0.00% 

Quality of procedures, standards, and regulation 0 0.00% 

Relations with management 0 0.00% 

Rostering 0 0.00% 

Safety culture (e.g., disregard procedures) 0 0.00% 

Safety Management Systems 0 0.00% 

Shift pattern (e.g., working hours, breaks, manning, etc.) 0 0.00% 

Staff availability 0 0.00% 

Supervision 1 0.93% 
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Detection Performance Shaping Factor Classifications Count 

Percent 

(%) 

Personal Factors 28 26.17% 

Age-related issues 0 0.00% 

Alertness / Concentration / Fatigue 0 0.00% 

Anxiety / panic 0 0.00% 

Boredom 0 0.00% 

Complacency 1 0.93% 

Confidence 0 0.00% 

Decision making skills 2 1.87% 

Distraction / mismanagement of attention 8 7.48% 

Domestic issues 0 0.00% 

Emotional or occupational stress 0 0.00% 

Expectations 0 0.00% 

Fatigue 0 0.00% 

Fitness issues 0 0.00% 

Individual characteristics 0 0.00% 

Interpretation 0 0.00% 

Job satisfaction / morale 0 0.00% 

Mental health issues 0 0.00% 

Motivation 0 0.00% 

Other personal factors 0 0.00% 

Perception 1 0.93% 

Physical health issues 2 1.87% 

Situational Awareness 12 11.21% 

Stress 0 0.00% 

Vigilance 2 1.87% 

Procedures / Documentation 4 3.74% 

Compatibility with other procedures 0 0.00% 

Duration in use or stability 0 0.00% 

Other procedure factors 1 0.93% 

Procedure access / location (note: permission to come into contact) 0 0.00% 

Procedure accuracy / correctness 0 0.00% 

Procedure availability (note: capable of contact) 2 1.87% 

Procedure clarity 0 0.00% 

Procedure complexity 0 0.00% 

Procedure comprehensiveness / completeness 1 0.93% 

Procedure format (physical) 0 0.00% 

Procedure quantity 0 0.00% 

Procedure realism / feasibility / suitability 0 0.00% 

Procedure structure 0 0.00% 

Procedure type 0 0.00% 

Procedure validity / validation 0 0.00% 

Time pressure - time to respond 0 0.00% 

Workload 0 0.00% 

Social & Team Factors 6 5.61% 

Allocation of responsibility 2 1.87% 

Assistance and support 0 0.00% 

Hand-over / take-over 0 0.00% 

Inter-team coordination 0 0.00% 

Other social and team factors 0 0.00% 
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Detection Performance Shaping Factor Classifications Count 

Percent 

(%) 

Supervision within crew 4 3.74% 

Team communication quality 0 0.00% 

Team co-ordination quality 0 0.00% 

Team maturity 0 0.00% 

Team relations and trust 0 0.00% 

Team structure & dynamics (formation) 0 0.00% 

Team working methods 0 0.00% 

Other 0 0.00% 

Missing 44 41.12% 

Total 107   
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Appendix Q. Distribution of TRACEr Performance Shaping Factors that 

Influenced Recovery from Error Events in 58 Helicopter Accident Reports 

 

Recovery Performance Shaping Factors Count 

Percent 

(%) 

Communication 1 0.95% 

Communication equipment quality / reliability 0 0.00% 

Communication method 0 0.00% 

Communication quality 1 0.95% 

Incorrect information 0 0.00% 

Information content 0 0.00% 

Lack of information 0 0.00% 

Language & accent 0 0.00% 

Other communication factors 0 0.00% 

Phraseology & communication standards 0 0.00% 

Experience / Competence / Training 9 8.57% 

Availability of training 0 0.00% 

Compatibility / suitability of training 0 0.00% 

Competence 1 0.95% 

Competence testing 0 0.00% 

Level of experience 5 4.76% 

Mentoring quality 2 1.90% 

Other experience / competence / training factors 0 0.00% 

Recency of training 1 0.95% 

Task familiarity 0 0.00% 

Training content quality 0 0.00% 

Training method quality 0 0.00% 

External Enviroment 28 26.67% 

Altitude / Elevation (impact on air density) 2 1.90% 

Day / Bright Light 0 0.00% 

Flat terrain 0 0.00% 

Icing 0 0.00% 

Night 1 0.95% 

Other external environment factors 5 4.76% 

Other obstacles (besides trees, power lines, wires, trees) 2 1.90% 

Other terrain (besides flat or steep) 1 0.95% 

Power lines / Wires 3 2.86% 

Precipitation 1 0.95% 

Surface condition 4 3.81% 

Steep terrain 2 1.90% 

Temperature 0 0.00% 

Trees 3 2.86% 

Visibility 4 3.81% 

Human Machine Interface & Equipment Factors 1 0.95% 

Health risks 0 0.00% 

Alarms and warning devices quality (general) 0 0.00% 

Allocation of function 0 0.00% 

Console / cockpit ergonomics 0 0.00% 

Electronic tool quality (general) 0 0.00% 

Equipment reliability 0 0.00% 
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Recovery Performance Shaping Factors Count 

Percent 

(%) 

Information accuracy / correctness 0 0.00% 

Information availability / access 0 0.00% 

Information clarity 0 0.00% 

Information complexity 0 0.00% 

Information comprehensiveness / completeness 0 0.00% 

Information location / position 0 0.00% 

Information quantity 0 0.00% 

Information structure 0 0.00% 

Information type / format 0 0.00% 

Information validity 0 0.00% 

Input device quality 0 0.00% 

Other HMI or equipment factors 1 0.95% 

Other workplace design factors 0 0.00% 

Supplementary information display quality (general) 0 0.00% 

Task involvement 0 0.00% 

Traffic display quality (general) 0 0.00% 

Trust in equipment 0 0.00% 

Visual display quality (general) 0 0.00% 

Workplace arrangement / accommodation quality 0 0.00% 

Infrastructure / Traffic / Airspace 1 0.95% 

Airport Design 0 0.00% 

Heavy Traffic 0 0.00% 

Other infrastructure / traffic / airspace factors 1 0.95% 

Time Pressure 0 0.00% 

Weather 0 0.00% 

Internal Environment 0 0.00% 

Air Quality 0 0.00% 

Distraction 0 0.00% 

Glare / Lighting 0 0.00% 

Noise 0 0.00% 

Other internal environment factors 0 0.00% 

Temperature 0 0.00% 

Organizational Factors 0 0.00% 

Commercial pressure 0 0.00% 

Condition of work 0 0.00% 

Incentives for employees 0 0.00% 

Job security 0 0.00% 

Leadership 0 0.00% 

Organizational change 0 0.00% 

Other organizational factors 0 0.00% 

Quality of procedures, standards, and regulation 0 0.00% 

Relations with management 0 0.00% 

Rostering 0 0.00% 

Safety culture (e.g., disregard procedures) 0 0.00% 

Safety Management Systems 0 0.00% 

Shift pattern (e.g., working hours, breaks, manning, etc.) 0 0.00% 

Staff availability 0 0.00% 

Supervision 0 0.00% 

Personal Factors 12 11.43% 
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Recovery Performance Shaping Factors Count 

Percent 

(%) 

Age-related issues 0 0.00% 

Alertness / Concentration / Fatigue 0 0.00% 

Anxiety / panic 0 0.00% 

Boredom 0 0.00% 

Complacency 0 0.00% 

Confidence 0 0.00% 

Decision making skills 0 0.00% 

Distraction / mismanagement of attention 3 2.86% 

Domestic issues 0 0.00% 

Emotional or occupational stress 0 0.00% 

Expectations 0 0.00% 

Fatigue 0 0.00% 

Fitness issues 0 0.00% 

Individual characteristics 0 0.00% 

Interpretation 0 0.00% 

Job satisfaction / morale 0 0.00% 

Mental health issues 0 0.00% 

Motivation 0 0.00% 

Other personal factors 2 1.90% 

Perception 0 0.00% 

Physical health issues 1 0.95% 

Situational Awareness 6 5.71% 

Stress 0 0.00% 

Vigilance 0 0.00% 

Procedures / Documentation 6 5.71% 

Compatibility with other procedures 0 0.00% 

Duration in use or stability 0 0.00% 

Other procedure factors 0 0.00% 

Procedure access / location (note: permission to come into contact) 0 0.00% 

Procedure accuracy / correctness 0 0.00% 

Procedure availability (note: capable of contact) 1 0.95% 

Procedure clarity 0 0.00% 

Procedure complexity 0 0.00% 

Procedure comprehensiveness / completeness 1 0.95% 

Procedure format (physical) 0 0.00% 

Procedure quantity 0 0.00% 

Procedure realism / feasibility / suitability 0 0.00% 

Procedure structure 0 0.00% 

Procedure type 0 0.00% 

Procedure validity / validation 0 0.00% 

Time pressure - time to respond 4 3.81% 

Workload 0 0.00% 

Social & Team Factors 4 3.81% 

Allocation of responsibility 0 0.00% 

Assistance and support 0 0.00% 

Hand-over / take-over 1 0.95% 

Inter-team coordination 0 0.00% 

Other social and team factors 0 0.00% 

Supervision within crew 3 2.86% 
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Recovery Performance Shaping Factors Count 

Percent 

(%) 

Team communication quality 0 0.00% 

Team co-ordination quality 0 0.00% 

Team maturity 0 0.00% 

Team relations and trust 0 0.00% 

Team structure & dynamics (formation) 0 0.00% 

Team working methods 0 0.00% 

Other 1 0.95% 

Missing 42 40.00% 

Total 105  
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Appendix R. Distribution of SOAM classifications from a set of 58 reports. 

 

SOAM Classifications Count Percent 

(%) 

Absent or Failed Barriers     

Awareness 31 10.00 

Restriction 19 6.13 

Detection 17 5.48 

Control & interim recovery 32 10.32 

Protection & containment 6 1.94 

Escape & rescue 0 0 

Human Involvement 103 33.23 

Contextual Conditions     

Workplace Conditions     

Poor communications 1 0.32 

Poor signal / noise ratio 0 0 

Designer / user mismatch 1 0.32 

Poor interface 0 0 

Poor mix of hands on work 0 0 

Poor shift patterns 0 0 

Hostile work environment 31 10.00 

Inadequate supervision 0 0 

Time pressure 1 0.32 

Time shortage 1 0.32 

Poor working conditions 0 0 

inadequate tools and equipment 3 0.97 

Poor access to job 0 0 

Poor procedures & instructions 0 0 

Poor supervisor / worker ratio 0 0 

Poor tasking 0 0 

Under-manning 0 0 

Hazards not identified 1 0.32 

Procedures protect the system 0 0 

Other 3 0.97 

Tasks allows for easy shortcuts 1 0.32 

Organizational Climate     

Complacency 0 0 

Poor housekeeping 0 0 

Violations tolerated 1 0.32 

Blame culture 0 0 

Compliance goes unrewarded 0 0 

Macho culture 0 0 

Perceived license to bend rules 0 0 

Poor supervisory example 1 0.32 

Subjective norms condoning violations 0 0 

Unfair management sanctions 0 0 

Little to no autonomy 0 0 

Low operator status 0 0 

Adversarial industrial climate 0 0 

Attitudes and Personality Factors     
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SOAM Classifications Count Percent 

(%) 

Skill overcomes danger 0 0 

Poor judgment 3 0.97 

Overconfidence 0 0 

Attitude to the system 0 0 

Behavioral beliefs 1 0.32 

Job dissatisfaction 0 0 

Learned helplessness 0 0 

Low self esteem 0 0 

Personality 0 0 

High risk target 0 0 

Misperception of Hazards 0 0 

Human Performance Limitations     

Negative transfer 0 0 

Inaccurate knowledge 2 0.65 

Attention capture / preoccupation / distraction 7 2.26 

Confirmation bias 1 0.32 

Error proneness 0 0 

False perceptions 4 1.29 

False sensations 0 0 

Memory failures 0 0 

Perceptual set 2 0.65 

Situational awareness 4 1.29 

Educational mismatch 0 0 

Incomplete knowledge 6 1.94 

Other 3 0.97 

Inadequate Skill 1 0.32 

Insufficient ability 0 0 

Inadequate Training 0 0 

Unfamiliarity with task 0 0 

Inference and reasoning 0 0 

Physiological & Emotional Factors     

Disturbed sleep patterns 0 0 

Domestic problems 0 0 

Stress and fatigue 1 0.32 

Strong motor programs 0 0 

Performance anxiety 0 0 

Arousal state 0 0 

Other 1 0.32 

Bad mood 0 0 

Organizational Factors     

Training (TR) 1 0.32 

Workforce Management (WM) 0 0 

Accountability (AC) 0 0 

Communication (CO) 2 0.65 

Organizational Culture (OC) 2 0.65 

Competing Goals (CG) 1 0.32 

Policies & Procedures (PP) 4 1.29 

Maintenance Management (MM) 2 0.65 

Equipment & Infrastructure (EI) 3 0.97 



375 

 

 

SOAM Classifications Count Percent 

(%) 

Risk Management (RM) 0 0 

Change Management (CM) 1 0.32 

External Environment (EE) 3 0.97 

Other 1 0.32 

Missing 1 0.32 

Total 310 
 

 

  



376 

 

 

Appendix S. NTSB Accident Report Numbers Used in Study 3 

 

 ANC08CA112 

 ANC08CA129 

 ANC08LA076 

 ANC08LA127 

 ANC09GA040 

 ANC09LA031 

 ANC09LA098 

 ANC10CA040 

 ANC10LA053 

 ANC11TA110 

 ANC12CA032 

 ANC12CA033 

 ANC12CA077 

 ANC12CA082 

 ANC12CA111 

 ANC12FA006 

 ANC12FA084 

 ANC13CA035 

 ANC13CA041 

 ANC13GA036 

 ANC14CA042 

 ANC15CA012 

 CEN09CA026 

 CEN09CA067 

 CEN09CA068 

 CEN09CA127 

 CEN09CA157 

 CEN09CA180 

 CEN09CA203 

 CEN09CA270 

 CEN09CA271 

 CEN09CA273 

 CEN09CA275 

 CEN09CA290 

 CEN09CA332 

 CEN09CA339 

 CEN09CA351 

 CEN09CA359 

 CEN09CA394 

 CEN09CA511 

 CEN09CA604 

 CEN09FA086 

 CEN09LA149B 

 CEN09LA201 

 CEN09LA202 

 CEN09LA252 

 CEN09LA413 

 CEN09MA019 

 CEN09MA117 

 CEN09PA348 

 CEN09TA060 

 CEN10CA082 

 CEN10CA138 

 CEN10CA183 

 CEN10CA251 

 CEN10CA268 

 CEN10CA280 

 CEN10CA317 

 CEN10CA352 

 CEN10CA369 

 CEN10CA371 

 CEN10CA390 

 CEN10CA395 

 CEN10CA428 

 CEN10CA446 

 CEN10CA466 

 CEN10CA469 

 CEN10CA485 

 CEN10FA019 

 CEN10FA079 

 CEN10FA113 

 CEN10FA139 

 CEN10FA424 

 CEN10FA509 

 CEN10LA455 

 CEN10LA477 

 CEN10LA556 

 CEN10LA558 

 CEN11CA068 

 CEN11CA152 

 CEN11CA167 

 CEN11CA213 

 CEN11CA231 

 CEN11CA232 

 CEN11CA303 

 CEN11CA403 

 CEN11CA442 

 CEN11CA509 

 CEN11CA511 

 CEN11CA524 

 CEN11CA525 

 CEN11CA533 

 CEN11CA535 

 CEN11CA540 

 CEN11CA627 

 CEN11CA638 

 CEN11FA053 

 CEN11FA337 

 CEN11FA359 

 CEN11FA468 

 CEN11FA507 

 CEN11FA599 

 CEN11FA666 

 CEN11GA020 

 CEN11LA023 

 CEN11LA226 

 CEN11LA283 

 CEN11LA317 

 CEN11LA339 

 CEN11LA397 

 CEN11LA414 

 CEN11LA646 

 CEN11LA648 

 CEN12CA031 

 CEN12CA191 

 CEN12CA226 

 CEN12CA269 

 CEN12CA402 

 CEN12CA435 

 CEN12CA464 

 CEN12CA474 

 CEN12CA484 

 CEN12CA643 

 CEN12CA647 

 CEN12FA139 

 CEN12FA250 

 CEN12FA321 

 CEN12FA621 

 CEN12FA670 

 CEN12LA039 

 CEN12LA053 

 CEN12LA141 

 CEN12LA181 

 CEN12LA247 

 CEN12LA258 

 CEN12LA267 

 CEN12LA282 

 CEN12LA289 

 CEN12LA325 

 CEN12LA359 

 CEN12LA443 
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 CEN12LA480 

 CEN12LA573 

 CEN12LA648 

 CEN12LA667 

 CEN12LA669 

 CEN12TA004 

 CEN13CA022 

 CEN13CA053 

 CEN13CA114 

 CEN13CA124 

 CEN13CA145 

 CEN13CA238 

 CEN13CA276 

 CEN13CA312 

 CEN13CA575 

 CEN13FA003 

 CEN13FA009 

 CEN13FA010 

 CEN13FA075 

 CEN13FA096 

 CEN13FA122 

 CEN13FA205 

 CEN13FA295 

 CEN13FA331 

 CEN13FA344 

 CEN13FA415 

 CEN13FA517 

 CEN13LA086 

 CEN13LA099 

 CEN13LA115 

 CEN13LA148 

 CEN13LA155 

 CEN13LA194 

 CEN13LA218 

 CEN13LA228 

 CEN13LA325 

 CEN13LA395 

 CEN13LA436 

 CEN13LA442 

 CEN13LA447 

 CEN13LA448 

 CEN13LA461 

 CEN13LA463 

 CEN13LA507 

 CEN13LA523 

 CEN13LA537 

 CEN13LA546 

 CEN13TA165 

 CEN13TA535 

 CEN14CA017 

 CEN14CA082 

 CEN14CA098 

 CEN14CA108 

 CEN14CA142 

 CEN14CA223 

 CEN14CA252 

 CEN14CA338 

 CEN14CA360 

 CEN14CA367 

 CEN14CA391 

 CEN14CA403 

 CEN14CA426 

 CEN14CA444 

 CEN14CA500 

 CEN14CA513 

 CEN14FA122 

 CEN14GA109 

 CEN14LA022 

 CEN14LA103 

 CEN14LA149 

 CEN14LA197 

 CEN14LA222 

 CEN14LA228 

 CEN14LA296 

 CEN14LA307 

 CEN14LA313 

 CEN14LA390 

 CEN14LA465 

 CEN14LA487 

 CEN14LA517 

 CEN15CA007 

 CEN15CA153 

 CEN15CA312 

 CEN15FA003 

 CEN15LA042 

 CEN15LA066 

 CEN15TA017 

 CEN15TA035 

 CHI08CA105 

 CHI08CA192 

 CHI08CA210 

 CHI08CA252 

 CHI08CA254 

 CHI08CA267 

 CHI08FA128 

 CHI08FA132 

 CHI08FA141 

 CHI08FA293 

 CHI08LA211 

 CHI08TA239 

 DEN08CA134 

 DEN08CA148 

 DEN08FA092 

 DEN08FA101 

 DEN08FA122 

 DEN08LA066 

 DEN08LA071 

 DEN08LA081 

 DEN08MA116A 

 DEN08MA116B 

 DFW08CA064 

 DFW08CA082 

 DFW08CA120 

 DFW08CA147 

 DFW08CA177 

 DFW08CA188 

 DFW08FA062 

 DFW08LA122 

 DFW08LA140 

 ERA09CA042 

 ERA09CA155 

 ERA09CA156 

 ERA09CA205 

 ERA09CA249 

 ERA09CA337 

 ERA09CA349 

 ERA09CA367 

 ERA09CA401 

 ERA09CA432 

 ERA09CA482 

 ERA09CA485 

 ERA09FA022 

 ERA09FA036 

 ERA09FA414 

 ERA09FA417 

 ERA09FA419 

 ERA09FA537 

 ERA09LA020 

 ERA09LA139 

 ERA09LA173 

 ERA09LA194 

 ERA09LA378 

 ERA09LA464 

 ERA09MA447B 

 ERA09TA440 

 ERA10CA039 

 ERA10CA051 

 ERA10CA064 

 ERA10CA065 

 ERA10CA075 



378 

 

 

 ERA10CA083 

 ERA10CA109 

 ERA10CA255 

 ERA10CA262 

 ERA10CA319 

 ERA10CA367 

 ERA10CA407 

 ERA10CA432 

 ERA10FA403 

 ERA10LA023 

 ERA10LA053 

 ERA10LA172 

 ERA10LA216 

 ERA10LA323 

 ERA10LA348 

 ERA10LA379 

 ERA10MA188 

 ERA10TA142 

 ERA10TA292 

 ERA10TA501 

 ERA11CA080 

 ERA11CA081 

 ERA11CA082 

 ERA11CA162 

 ERA11CA180 

 ERA11CA194 

 ERA11CA201 

 ERA11CA235 

 ERA11CA433 

 ERA11CA448 

 ERA11CA474 

 ERA11CA505 

 ERA11FA042 

 ERA11FA272 

 ERA11LA083 

 ERA11LA106 

 ERA11LA116 

 ERA11LA204 

 ERA11LA278 

 ERA11LA297 

 ERA11LA380 

 ERA11LA409 

 ERA11LA481 

 ERA11TA318 

 ERA12CA095 

 ERA12CA119 

 ERA12CA124 

 ERA12CA137 

 ERA12CA179 

 ERA12CA199 

 ERA12CA304 

 ERA12CA375 

 ERA12CA580 

 ERA12FA527 

 ERA12LA063 

 ERA12LA210 

 ERA12LA260 

 ERA12LA282 

 ERA12LA399 

 ERA12LA429 

 ERA12LA477 

 ERA12LA493 

 ERA12LA541 

 ERA12MA005 

 ERA12MA122 

 ERA12TA251 

 ERA12TA515 

 ERA12TA538 

 ERA13CA283 

 ERA13FA014 

 ERA13FA186 

 ERA13FA273 

 ERA13FA336 

 ERA13GA046 

 ERA13LA018 

 ERA13LA045 

 ERA13LA057 

 ERA13LA087 

 ERA13LA104 

 ERA13LA118 

 ERA13LA134 

 ERA13LA236 

 ERA13LA242 

 ERA13LA300 

 ERA13LA314 

 ERA13LA421 

 ERA13LA433 

 ERA13TA237 

 ERA13TA341 

 ERA14CA055 

 ERA14CA080 

 ERA14CA102 

 ERA14CA143 

 ERA14CA216 

 ERA14CA217 

 ERA14CA259 

 ERA14CA348 

 ERA14CA413 

 ERA14FA010 

 ERA14FA066 

 ERA14FA115 

 ERA14LA101 

 ERA14LA269 

 ERA14LA311 

 ERA15CA018 

 ERA15CA059 

 ERA15CA079 

 ERA15CA081 

 ERA15CA089 

 ERA15CA127 

 ERA15CA262 

 ERA15LA060 

 ERA15LA337 

 GAA15CA002 

 GAA15CA013 

 GAA15CA032 

 GAA15CA061 

 GAA15CA097 

 GAA15CA102 

 GAA15CA122 

 GAA15CA147 

 GAA15CA154 

 GAA15CA181 

 GAA15CA196 

 GAA15CA197 

 GAA15CA200 

 GAA15CA202 

 GAA15CA204 

 GAA15CA224 

 GAA15CA227 

 GAA15CA230 

 GAA15CA232 

 GAA15CA238 

 GAA15CA280 

 GAA16CA006 

 GAA16CA009 

 LAX08CA057 

 LAX08CA069 

 LAX08CA126 

 LAX08CA138 

 LAX08CA159 

 LAX08CA182 

 LAX08CA185 

 LAX08CA229 

 LAX08CA282 

 LAX08CA298 

 LAX08FA233 

 LAX08LA097 

 LAX08LA198 

 LAX08LA200 
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 LAX08LA213 

 LAX08PA259 

 LAX08TA116 

 MIA08CA072 

 MIA08CA202 

 MIA08FA044 

 MIA08LA199 

 MIA08MA203 

 NYC08CA083 

 NYC08CA140 

 NYC08CA195 

 NYC08CA210 

 NYC08CA252 

 NYC08CA305 

 NYC08CA309 

 NYC08FA198 

 NYC08LA254 

 NYC08LA287 

 NYC08TA183 

 SEA08CA059 

 SEA08CA065 

 SEA08CA124 

 SEA08CA144 

 SEA08CA208 

 SEA08FA185 

 SEA08LA213 

 SEA08TA188 

 WPR09CA008 

 WPR09CA023 

 WPR09CA105 

 WPR09CA148 

 WPR09CA155 

 WPR09CA163 

 WPR09CA173 

 WPR09CA198 

 WPR09CA220 

 WPR09CA224 

 WPR09CA331 

 WPR09CA333 

 WPR09CA338 

 WPR09CA339 

 WPR09CA360 

 WPR09CA375 

 WPR09CA377 

 WPR09CA448 

 WPR09CA462 

 WPR09CA470 

 WPR09FA076 

 WPR09FA284 

 WPR09FA459 

 WPR09GA397 

 WPR09LA010 

 WPR09LA069 

 WPR09LA125 

 WPR09LA144 

 WPR09LA156 

 WPR09LA160 

 WPR09LA161 

 WPR09LA226 

 WPR09LA244 

 WPR09LA261 

 WPR09LA411 

 WPR09LA420 

 WPR09LA436 

 WPR09TA001 

 WPR09TA012 

 WPR09TA277 

 WPR09TA353 

 WPR10CA023 

 WPR10CA028 

 WPR10CA042 

 WPR10CA057 

 WPR10CA064 

 WPR10CA065 

 WPR10CA094 

 WPR10CA100 

 WPR10CA164 

 WPR10CA192 

 WPR10CA193 

 WPR10CA278 

 WPR10CA285 

 WPR10CA314 

 WPR10CA364 

 WPR10CA442 

 WPR10CA466 

 WPR10CA470 

 WPR10FA012 

 WPR10FA055 

 WPR10FA133 

 WPR10FA371 

 WPR10GA097 

 WPR10LA046 

 WPR10LA048 

 WPR10LA075 

 WPR10LA126 

 WPR10LA138 

 WPR10LA200 

 WPR10LA354 

 WPR10LA359 

 WPR10LA420 

 WPR10LA446 

 WPR10LA481 

 WPR10TA016 

 WPR10TA025 

 WPR11CA011 

 WPR11CA031 

 WPR11CA101 

 WPR11CA121 

 WPR11CA146 

 WPR11CA243 

 WPR11CA264 

 WPR11CA339 

 WPR11CA394 

 WPR11CA398 

 WPR11CA467 

 WPR11FA350 

 WPR11FA426 

 WPR11GA115 

 WPR11GA144 

 WPR11GA431 

 WPR11LA003 

 WPR11LA016 

 WPR11LA048 

 WPR11LA056 

 WPR11LA122 

 WPR11LA151 

 WPR11LA161 

 WPR11LA190 

 WPR11LA244 

 WPR11LA267 

 WPR11LA277 

 WPR11LA325 

 WPR11LA352 

 WPR11LA356 

 WPR11LA373 

 WPR11LA377 

 WPR11LA379 

 WPR11LA462 

 WPR11LA469 

 WPR12CA056 

 WPR12CA100 

 WPR12CA118 

 WPR12CA162 

 WPR12CA183 

 WPR12CA294 

 WPR12CA303 

 WPR12CA307 

 WPR12CA344 

 WPR12CA351 

 WPR12CA387 
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 WPR12CA405 

 WPR12CA431 

 WPR12FA066 

 WPR12FA191 

 WPR12FA282 

 WPR12FA298 

 WPR12GA106 

 WPR12LA029 

 WPR12LA036 

 WPR12LA065 

 WPR12LA109A 

 WPR12LA140 

 WPR12LA212 

 WPR12LA219 

 WPR12LA244 

 WPR12LA259 

 WPR12LA267 

 WPR12LA362 

 WPR12LA371 

 WPR12LA426 

 WPR12MA034 

 WPR12TA120 

 WPR12TA436 

 WPR13CA027 

 WPR13CA057 

 WPR13CA064 

 WPR13CA067 

 WPR13CA068 

 WPR13CA071 

 WPR13CA084 

 WPR13CA107 

 WPR13CA120 

 WPR13CA155 

 WPR13CA204 

 WPR13CA206 

 WPR13CA253 

 WPR13CA329 

 WPR13CA337 

 WPR13CA342 

 WPR13CA354 

 WPR13CA424 

 WPR13FA054 

 WPR13FA080 

 WPR13FA119 

 WPR13FA208 

 WPR13FA264 

 WPR13FA343 

 WPR13FA417 

 WPR13GA128 

 WPR13GA338 

 WPR13LA003 

 WPR13LA023 

 WPR13LA025 

 WPR13LA099 

 WPR13LA137 

 WPR13LA178 

 WPR13LA215 

 WPR13LA217 

 WPR13LA287 

 WPR13LA295 

 WPR13LA303 

 WPR13LA315 

 WPR13LA334 

 WPR13LA360 

 WPR13LA429 

 WPR13TA051 

 WPR13TA198 

 WPR13TA205 

 WPR14CA019 

 WPR14CA041 

 WPR14CA052 

 WPR14CA101 

 WPR14CA115 

 WPR14CA196 

 WPR14CA216 

 WPR14CA227 

 WPR14CA256 

 WPR14CA270 

 WPR14CA280 

 WPR14CA290 

 WPR14CA296 

 WPR14CA319 

 WPR14CA325 

 WPR14CA354 

 WPR14CA363 

 WPR14CA373 

 WPR14CA375 

 WPR14CA385 

 WPR14FA158 

 WPR14FA167 

 WPR14LA008 

 WPR14LA038 

 WPR14LA113 

 WPR14LA160 

 WPR14LA356 

 WPR15CA040 

 WPR15CA043 

 WPR15CA063 

 WPR15CA119 

 WPR15CA128 

  



 

 

Appendix T. HFACS Training Material for Study 3 

 

 

 

 

 

 

 

The Human Factors Analysis and 

Classification System (HFACS) 

Instructions for Applying HFACS to a Set of Helicopter Accident Reports 
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Step 1: Open the HFACS Form v2. See Figure 54. 

 

 

Figure 54. HFACS Form v2 opened in MS Access. 
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Step 2: Read the synopsis and narrative of the accident report. You can flip between the synopsis 

and narrative by using the tabs in the left portion of the form (circled within Figure 55). 

 

 

Figure 55. HFACS Form v2 opened in MS Access with the Narrative, Synopsis, and Occurrences 

/ Findings tabs circled in red. 
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Step 3: Identify unsafe acts. Unsafe acts are generally errors made by the pilots or crew at the 

onset of or during the accident scenario. 

 

Unsafe acts can be classified as Error or Violations. Each of the classifications can be further 

broken down as shown in Figure 56. Definitions of each classification are provided in Table 65. 

 

Do not add classifications that were not identified by the original investigation (within the Findings 

tab). The narrative and synopsis have been included within the form to add context to the findings 

identified by the NTSB. 

 

Note: Each NTSB finding should be its own error, requiring its own error classification if it fits 

within one of the taxonomies. 

 

 

Figure 56. Unsafe act classifications within HFACS.21

                                                 

21 Reprinted from Aviation, Space, and Environmental Medicine, Volume 72, No. 11, Wiegmann, 

G.A., & Shappell, S.A., Human Error Analysis of Commercial Aviation Accidents: Application 

of the Human Factors Analysis and Classification System (HFACS), pages 1006 – 1016, Copyright 

(2011), with permission from Aerospace Medicine and Human Performance. 
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Table 65. Definitions and Exampled of the Unsafe Acts classifications. Definitions taken from (Shappell, Detwiler, Holcomb, 

Hackworth, Boquet, Wiegmann, 2007). 

Classification Definitions Examples 

Errors 

Decision Errors These “thinking” errors represent conscious, goal-

intended behavior that proceeds as designed, yet the 

plan proves inadequate or inappropriate for the 

situation. These errors typically manifest as poorly 

executed procedures, improper choices, or simply the 

misinterpretation and/or misuse of relevant 

information. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Skill-based 

Errors 

Highly practiced behavior that occurs with little or no 

conscious thought. These “doing” errors frequently 

appear as breakdown in visual scan patterns, 

inadvertent activation/deactivation of switches, 

forgotten intentions, and omitted items in checklists, 

Even the manner or technique with which one performs 

a task is included. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Perceptual Errors These errors arise when sensory input is degraded, as is 

often the case when flying at night, in poor weather, or 

in otherwise visually impoverished environments. 

Faced with acting on imperfect or incomplete 

information, aircrew run the risk of misjudging 

distances, altitude, and descent rates, as well as of 

responding incorrectly to a variety of visual/vestibular 

illusions. 

 

 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Violations 
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Classification Definitions Examples 

Routine 

Violations 

Often referred to as “bending the rules”, this type of 

violation tends to be habitual by nature and is often 

enabled by a system of supervision and management 

that tolerates such departures from the rules. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Exceptional 

Violations 

Isolated departures from authority, neither typical of 

the individual nor condoned by management. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 
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Step 4: Once you have identified an unsafe act select “Unsafe Act” from the Level 1 dropdown 

list in the HFACS Form v2 as shown in Figure 57. 

 

 

Figure 57. Select Unsafe Acts from the Level 1 dropdown list. 
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Step 5: Then using the diagram shown in Figure 56, select the corresponding sub-classification 

from Levels 2 and 3. 

 

As shown in Figures 58 and 59, regarding the causal factor from the Findings information area, 

“Personnel issues-Task performance-Planning/preparation-Weight/balance calculations-Pilot – 

F”, the unsafe act was classified as an Error at Level 2, and a Decision Error at Level 3. 

 

Note: Each NTSB finding should be its own error, requiring its own error classification if it fits 

within one of the taxonomies. 

 

 

Figure 58. Select the sub-classification from the Level 2 dropdown list in the HFACS Form v2. 
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Figure 59. Select the sub-classification from the Level 3 dropdown list in the HFACS Form v2. 
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Step 6: Add an explanation of the classification. 

 

For example, as shown in Figure 60, the findings related to the weight/balance calculations has 

been copied from the Findings information section and pasted in the Explain text box. 

 

 

Figure 60. Add an explanation of the classification you have provided. 
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Step 6: Add a confidence score for the given classification within the Confidence dropdown box 

(as seen in Figure 61).  

You can select one of the following confidence scores: 

 Very Confident 

 Confident 

 Neither Confident nor Not Confident 

 Not Confident 

 Not at All Confident 

 

 

Figure 61. Add a confidence score for the classification. 
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Step 7: If you have identified another causal factor that contributed to the accident select the “Next 

Classification” button. When “Next Classification” is selected you will see a new / cleared 

classification sub-form. You can move between past classifications for the given accident report 

by selecting the “Previous Classification” and “Next Classification” buttons. 

 

 

Figure 62. The "Next Classification" button is used to navigate between classifications of a given 

accident report or to access a new sub-form for a classification not yet entered. 
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Step 8: Repeat steps 4-7 for causal factors that are preconditions for unsafe acts. 

 

Preconditions for unsafe acts fall into three categories: environmental factors, condition of 

operators, and personnel factors. Each of the classifications can be further broken down as shown 

in Figure 63. Definitions of each classification are provided in Table 66. 

 

Note: Do not add classifications that were not identified by the original investigation (within the 

Findings tab). The narrative and synopsis have been included within the form to add context to the 

findings identified by the NTSB. 

 

 

Figure 63. Classifications for Preconditions for Unsafe Acts within HFACS. 

Adapted from (Shappell et al., 2007).

Preconditions 
for Unsafe Acts

Condition of Operators

(Previously 'Substandard 
Condition of Operators')

Adverse Mental State

Adverse Physiological 
State

Physical / Mental 
Limitations

Personnel Factors

(Previously 'Substandard 
Practices of Operators')

Crew Resource 
Management

Personal Readiness

Environmental Factors

(Newly Added)

Physical Environment

Technological 
Environment
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Table 66. Definitions and Exampled of the Preconditions for Unsafe Acts classifications. Definitions taken from (Shappell, Detwiler, 

Holcomb, Hackworth, Boquet, Wiegmann, 2007). 

Classification Definitions Examples 

Environmental Factors 

Technological 

Environment 

This category encompasses a variety of issues, 

including the design of equipment and controls, 

display/interface characteristics, checklist layouts, task 

factors, and automation. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Physical 

Environment 

Included are both the operational setting (e.g., weather, 

altitude, terrain) and the ambient environment (e.g., as 

heat, vibration, lighting, toxins). 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Condition of the Operator 

Adverse Mental 

States 

Acute psychological and/or mental conditions that 

negatively affect performance, such as mental fatigue, 

pernicious attitudes, and misplaced motivation. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Adverse 

Physiological 

States 

Acute medical and/or physiological conditions that 

preclude safe operations, such as illness, intoxication, 

and the myriad pharmacological and medical 

abnormalities known to affect performance. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Physical/mental 

Limitations 

Permanent physical/mental disabilities that may 

adversely impact performance, such as poor vision, 

lack of physical strength, mental aptitude, general 

knowledge, and a variety of other chronic mental 

illnesses. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Personnel Factors 

Crew Resource 

Management 

Includes a variety of communication, coordination, and 

teamwork issues that impact performance. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003.  
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Personal 

Readiness 

Off-duty activities required to perform optimally on the 

job, such as adhering to crew rest requirements, alcohol 

restrictions, and other off-duty mandates. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 
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Step 9: Repeat steps 4-7 for causal factors that fall under unsafe supervision. Note there will be 

no classification needed from the Level 3 dropdown box. 

 

Unsafe supervision can fall into four categories: inadequate supervision, planned inappropriate 

operations, failed to correct problem, and supervisory violations. Definitions of each classification 

are provided in Table 67. 

 

Note: Do not add classifications that were not identified by the original investigation (within the 

Findings tab). The narrative and synopsis have been included within the form to add context to the 

findings identified by the NTSB. 

 

 

 

Figure 64. Classifications for Unsafe Supervision within HFACS.22 

                                                 

22 Reprinted from Aviation, Space, and Environmental Medicine, Volume 72, No. 11, Wiegmann, 

G.A., & Shappell, S.A., Human Error Analysis of Commercial Aviation Accidents: Application 

of the Human Factors Analysis and Classification System (HFACS), pages 1006 – 1016, Copyright 

(2011), with permission from Aerospace Medicine and Human Performance. 
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Table 67. Definitions and Exampled of Unsafe Supervision classifications. Definitions taken from (Shappell, Detwiler, Holcomb, 

Hackworth, Boquet, Wiegmann, 2007) 

Classification Definitions Examples 

Inadequate Supervision Oversight and management of personnel and 

resources, including training, professional 

guidance, and operational leadership, among 

other aspects. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Planned Inappropriate 

Operations 

Management and assignment of work, 

including aspects of risk management, crew 

pairing, operational tempo, etc. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Failed to Correct Known 

Problems 

Those instances in which deficiencies among 

individuals, equipment, training, or other 

related safety areas are “known” to the 

supervisor yet are allowed to continue 

uncorrected. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Supervisory Violations The willful disregard for existing rules, 

regulations, instructions, or standard 

operating procedures by managers during 

the course of their duties. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 
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Step 10: Repeat steps 4-7 for causal factors that fall under organizational influences. Note there 

will be no classification needed from the Level 3 dropdown box. 

 

Organizational influence causal factors can fall into three categories: resource management, 

organizational climate, and organizational processes. Definitions of each classification are 

provided in Table 68. 

 

Note: Do not add classifications that were not identified by the original investigation (within the 

Findings tab). The narrative and synopsis have been included within the form to add context to the 

findings identified by the NTSB. 

 

 

 

Figure 65. Classifications for Organizational Influences within HFACS.23 

                                                 

23 Reprinted from Aviation, Space, and Environmental Medicine, Volume 72, No. 11, Wiegmann, 

G.A., & Shappell, S.A., Human Error Analysis of Commercial Aviation Accidents: Application 

of the Human Factors Analysis and Classification System (HFACS), pages 1006 – 1016, Copyright 

(2011), with permission from Aerospace Medicine and Human Performance. 
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Table 68. Definitions and Exampled of Organizational Influence classifications. Definitions taken from (Shappell, Detwiler, Holcomb, 

Hackworth, Boquet, Wiegmann, 2007) 

Classification Definitions Examples 

Resource Management How human, monetary, and equipment 

resources necessary to carry out the vision 

are managed. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Organizational Climate Prevailing atmosphere / vision within the 

organization, including such things as 

policies, command structure, and culture. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 

Organizational Processes Formal processes by which the vision of an 

organization is carried out including 

operations, procedures, and oversight, 

among other things. 

Examples omitted from this Appendix.  

See Wiegmann & Shappell, 2003. 
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Step 11: Once all classifications for a given accident report have been entered press the 

“Save Record Button” and then press the “Record End Time” button.  

 

 

Figure 66. Press the "Save Record" and "Record End Time" buttons before proceeding to 

the next accident report. 
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Step 12: Once you have recorded the end time you can access the next report by selecting 

the “Next Accident” button. 

 

Note that once you have completed all classifications for a report and you record the end 

time, you can return to the report to edit the classification information. If you do return to 

the report to edit the information, indicate that modifications were made within the accident 

log located at the back of the instruction binder.  
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Step 13: If you exit the form prior to completing the set of accident reports, identify the 

NTSB No (located at the top left of the form) and the record number you left off on (this 

will be located at the bottom left of the form).  

 

Note the NTSB No and Record Number that you exited on and started on in the 

Accident Report Log.  

 

You can reopen the form and use the “Next Accident” button to cycle through the reports 

until you arrive at the next report that you have not analyzed.  

 

If you made note of the report that you ended at, you can also type the next number (1-60) 

in the field circled in Figure 67. 

 

Figure 67. If you have closed the form and wish to re-enter, you can cycle through to the 

next accident that has not yet been analyzed using the "Next Accident" button or by 

entering the report sequence number within the circled field (a number 1-60).
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Appendix U. Odds Ratio and p Values of the Likelihood for an Accident Report to have one or more of a particular 

HFACS Classifications Based on Mission Type 

 

Note: ‘#DIV/0’ shown when there were no instances of one of the mission types for a given comparison. 

Table 69. Odds ratios and p values for the likelihood for an accident to have at least one skill-based error based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  1.536 0.977 2.688 3.695 7.818 0.512 5.375 1.103 1.654 #DIV/0! 3.583 2.034 #DIV/0! 

p Value   0.453 0.983 0.060 0.010 0.000 0.538 0.074 0.829 0.551 #DIV/0! 0.154 0.093 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    0.636 1.750 2.406 5.091 0.333 3.500 0.718 1.077 #DIV/0! 2.333 1.324 #DIV/0! 

p Value     0.690 0.330 0.116 0.003 0.323 0.196 0.515 0.933 #DIV/0! 0.360 0.561 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      2.750 3.781 8.000 0.524 5.500 1.128 1.692 #DIV/0! 3.667 2.081 #DIV/0! 

p Value       0.362 0.227 0.058 0.658 0.209 0.911 0.684 #DIV/0! 0.327 0.491 #DIV/0! 

Business 

Odds 

Ratio 
        1.375 2.909 0.190 2.000 0.410 0.615 #DIV/0! 1.333 0.757 #DIV/0! 

p Value         0.533 0.032 0.128 0.462 0.051 0.566 #DIV/0! 0.749 0.513 #DIV/0! 

Commercial 

Odds 

Ratio 
          2.116 0.139 1.455 0.298 0.448 #DIV/0! 0.970 0.550 #DIV/0! 

p Value           0.118 0.068 0.688 0.006 0.336 #DIV/0! 0.972 0.141 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            0.065 0.688 0.141 0.212 #DIV/0! 0.458 0.260 #DIV/0! 

p Value             0.011 0.686 0.000 0.061 #DIV/0! 0.375 0.001 #DIV/0! 

External Load 

Odds 

Ratio 
              10.500 2.154 3.231 #DIV/0! 7.000 3.973 #DIV/0! 

p Value               0.079 0.468 0.358 #DIV/0! 0.137 0.186 #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.205 0.308 #DIV/0! 0.667 0.378 #DIV/0! 

p Value                 0.080 0.306 #DIV/0! 0.733 0.275 #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  1.500 #DIV/0! 3.250 1.845 #DIV/0! 
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Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

p Value                   0.614 #DIV/0! 0.169 0.067 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 2.167 1.230 #DIV/0! 

p Value                     #DIV/0! 0.488 0.793 #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! #DIV/0! #DIV/0! 

p Value                       #DIV/0! #DIV/0! #DIV/0! 

Offshore 

Odds 

Ratio 
                        0.568 #DIV/0! 

p Value                         0.501 #DIV/0! 

Personal / Private 

Odds 

Ratio 
                          #DIV/0! 

p Value                           #DIV/0! 

Utilities Patrol / 

Construction 

Odds 

Ratio 
                            

p Value                             
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Table 70. Odds ratios and p values for the likelihood for an accident to have at least one decision error based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.450 0.378 0.743 0.413 0.270 0.225 0.270 0.181 0.309 #DIV/0! 0.811 0.485 #DIV/0! 

p Value   0.041 0.127 0.481 0.028 0.001 0.003 0.126 0.000 0.041 #DIV/0! 0.806 0.015 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    0.840 1.650 0.918 0.600 0.500 0.600 0.402 0.686 #DIV/0! 1.800 1.076 #DIV/0! 

p Value     0.791 0.266 0.842 0.246 0.184 0.557 0.007 0.528 #DIV/0! 0.499 0.828 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      1.964 1.092 0.714 0.595 0.714 0.479 0.816 #DIV/0! 2.143 1.281 #DIV/0! 

p Value       0.318 0.894 0.615 0.474 0.738 0.224 0.795 #DIV/0! 0.448 0.683 #DIV/0! 

Business 

Odds 

Ratio 
        0.556 0.364 0.303 0.364 0.244 0.416 #DIV/0! 1.091 0.652 #DIV/0! 

p Value         0.201 0.031 0.028 0.252 0.000 0.155 #DIV/0! 0.922 0.251 #DIV/0! 

Commercial 

Odds 

Ratio 
          0.654 0.545 0.654 0.438 0.747 #DIV/0! 1.962 1.173 #DIV/0! 

p Value           0.345 0.252 0.627 0.018 0.630 #DIV/0! 0.441 0.648 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            0.833 1.000 0.670 1.143 #DIV/0! 3.000 1.794 #DIV/0! 

p Value             0.734 1.000 0.266 0.827 #DIV/0! 0.211 0.105 #DIV/0! 

External Load 

Odds 

Ratio 
              1.200 0.804 1.371 #DIV/0! 3.600 2.152 #DIV/0! 

p Value               0.843 0.632 0.638 #DIV/0! 0.165 0.093 #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.670 1.143 #DIV/0! 3.000 1.794 #DIV/0! 

p Value                 0.630 0.890 #DIV/0! 0.341 0.482 #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  1.706 #DIV/0! 4.478 2.677 #DIV/0! 

p Value                   0.323 #DIV/0! 0.071 0.000 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 2.625 1.569 #DIV/0! 

p Value                     #DIV/0! 0.318 0.405 #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 0.000 #DIV/0! 

p Value                       #NUM! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        0.598 #DIV/0! 
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Personal / Private 
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Ratio 
                          #DIV/0! 
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Utilities Patrol / 

Construction 

Odds 

Ratio 
                            

p Value                             
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Table 71. Odds ratios and p values for the likelihood for an accident to have at least one perceptual error based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.667 0.489 0.456 0.229 0.143 #DIV/0! 0.222 2.504 0.622 #DIV/0! 0.311 0.557 #DIV/0! 

p Value   0.606 0.538 0.283 0.025 0.002 #DIV/0! 0.213 0.236 0.681 #DIV/0! 0.324 0.319 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    0.733 0.683 0.343 0.215 #DIV/0! 0.333 3.756 0.933 #DIV/0! 0.467 0.836 #DIV/0! 

p Value     0.796 0.631 0.140 0.030 #DIV/0! 0.378 0.112 0.954 #DIV/0! 0.534 0.787 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.932 0.468 0.293 #DIV/0! 0.455 5.121 1.273 #DIV/0! 0.636 1.140 #DIV/0! 

p Value       0.952 0.498 0.270 #DIV/0! 0.602 0.172 0.870 #DIV/0! 0.762 0.904 #DIV/0! 

Business 

Odds 

Ratio 
        0.502 0.314 #DIV/0! 0.488 5.496 1.366 #DIV/0! 0.683 1.223 #DIV/0! 

p Value         0.301 0.074 #DIV/0! 0.554 0.030 0.788 #DIV/0! 0.749 0.736 #DIV/0! 

Commercial 

Odds 

Ratio 
          0.627 #DIV/0! 0.972 10.954 2.722 #DIV/0! 1.361 2.438 #DIV/0! 

p Value           0.406 #DIV/0! 0.981 0.001 0.369 #DIV/0! 0.788 0.077 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! 1.552 17.483 4.345 #DIV/0! 2.172 3.891 #DIV/0! 

p Value             #DIV/0! 0.705 0.000 0.183 #DIV/0! 0.494 0.004 #DIV/0! 

External Load 

Odds 

Ratio 
              0.000 0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 

p Value               #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                11.267 2.800 #DIV/0! 1.400 2.508 #DIV/0! 

p Value                 0.051 0.495 #DIV/0! 0.826 0.417 #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.249 #DIV/0! 0.124 0.223 #DIV/0! 

p Value                   0.241 #DIV/0! 0.087 0.021 #DIV/0! 

Law 

Enforcement 

Odds 

Ratio 
                    #DIV/0! 0.500 0.896 #DIV/0! 

p Value                     #DIV/0! 0.641 0.918 #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 0.000 #DIV/0! 

p Value                       #NUM! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        1.791 #DIV/0! 
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p Value                         0.599 #DIV/0! 
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p Value                           #DIV/0! 
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Construction 
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Table 72. Odds ratios and p values for the likelihood for an accident to have at least one routine violation based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  0.505 0.118 #DIV/0! #DIV/0! 0.194 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.305 #DIV/0! 

p Value   0.632 0.141 #DIV/0! #DIV/0! 0.186 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.275 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    0.234 #DIV/0! #DIV/0! 0.383 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.603 #DIV/0! 

p Value     0.318 #DIV/0! #DIV/0! 0.441 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.643 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! #DIV/0! 1.636 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 2.576 #DIV/0! 

p Value       #DIV/0! #DIV/0! 0.699 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.400 #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value         #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value           #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 1.574 #DIV/0! 

p Value             #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.588 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value               #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                   #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                     #DIV/0! #DIV/0! #NUM! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! 0.000 #DIV/0! 

p Value                       #DIV/0! #NUM! #DIV/0! 

Offshore 

Odds 

Ratio 
                        0.000 #DIV/0! 

p Value                         #NUM! #DIV/0! 
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Table 73. Odds ratios and p values for the likelihood for an accident to have at least one exceptional violation based on mission 

types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.000 #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! 

p Value   #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! 0.298 #DIV/0! 0.248 0.447 #DIV/0! 3.638 #DIV/0! #DIV/0! 0.149 0.603 #DIV/0! 

p Value     #DIV/0! 0.302 #DIV/0! 0.236 0.575 #DIV/0! 0.364 #DIV/0! #DIV/0! 0.196 0.643 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! 

p Value       #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.833 1.500 #DIV/0! 12.214 #DIV/0! #DIV/0! 0.500 2.024 #DIV/0! 

p Value         #DIV/0! 0.830 0.732 #DIV/0! 0.032 #DIV/0! #DIV/0! 0.571 0.333 #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! 

p Value           #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            1.800 #DIV/0! 14.657 #DIV/0! #DIV/0! 0.600 2.429 #DIV/0! 

p Value             0.621 #DIV/0! 0.022 #DIV/0! #DIV/0! 0.677 0.225 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 8.143 #DIV/0! #DIV/0! 0.333 1.349 #DIV/0! 

p Value               #DIV/0! 0.143 #DIV/0! #DIV/0! 0.458 0.786 #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! 

p Value                 #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! 0.041 0.166 #DIV/0! 

p Value                   #DIV/0! #DIV/0! 0.029 0.098 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 0.000 0.000 #DIV/0! 

p Value                     #DIV/0! #NUM! #NUM! #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 0.000 #DIV/0! 

p Value                       #NUM! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        4.048 #DIV/0! 
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Table 74. Odds ratios and p values for the likelihood for an accident to have at least one technological environment classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.911 1.165 1.085 0.653 1.235 0.227 0.212 3.536 1.482 #DIV/0! 0.318 0.875 #DIV/0! 

p Value   0.874 0.890 0.897 0.449 0.762 0.010 0.097 0.028 0.719 #DIV/0! 0.197 0.754 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    1.279 1.192 0.717 1.357 0.249 0.233 3.884 1.628 #DIV/0! 0.349 0.961 #DIV/0! 

p Value     0.830 0.804 0.606 0.690 0.035 0.139 0.038 0.668 #DIV/0! 0.264 0.940 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.932 0.561 1.061 0.195 0.182 3.036 1.273 #DIV/0! 0.273 0.751 #DIV/0! 

p Value       0.952 0.610 0.961 0.151 0.209 0.329 0.870 #DIV/0! 0.327 0.790 #DIV/0! 

Business 

Odds 

Ratio 
        0.602 1.138 0.209 0.195 3.259 1.366 #DIV/0! 0.293 0.806 #DIV/0! 

p Value         0.458 0.871 0.024 0.106 0.088 0.788 #DIV/0! 0.205 0.709 #DIV/0! 

Commercial 

Odds 

Ratio 
          1.892 0.347 0.324 5.416 2.270 #DIV/0! 0.486 1.340 #DIV/0! 

p Value           0.392 0.096 0.246 0.008 0.466 #DIV/0! 0.437 0.560 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            0.184 0.171 2.863 1.200 #DIV/0! 0.257 0.708 #DIV/0! 

p Value             0.025 0.094 0.163 0.879 #DIV/0! 0.181 0.595 #DIV/0! 

External Load 

Odds 

Ratio 
              0.933 15.587 6.533 #DIV/0! 1.400 3.856 #DIV/0! 

p Value               0.944 0.000 0.097 #DIV/0! 0.719 0.009 #DIV/0! 

Firefighting 

Odds 

Ratio 
                16.700 7.000 #DIV/0! 1.500 4.132 #DIV/0! 

p Value                 0.004 0.149 #DIV/0! 0.733 0.115 #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.419 #DIV/0! 0.090 0.247 #DIV/0! 

p Value                   0.442 #DIV/0! 0.010 0.007 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 0.214 0.590 #DIV/0! 

p Value                     #DIV/0! 0.243 0.620 #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 0.000 #DIV/0! 

p Value                       #NUM! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        2.754 #DIV/0! 
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Table 75. Odds ratios and p values for the likelihood for an accident to have at least one physical environment classification based 

on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.745 1.591 1.555 0.673 0.741 1.136 1.136 3.750 2.273 #DIV/0! 0.379 1.014 0.568 

p Value   0.413 0.455 0.227 0.294 0.444 0.787 0.879 0.000 0.161 #DIV/0! 0.249 0.956 0.525 

Aerial 

Observation 

Odds 

Ratio 
    2.137 2.089 0.904 0.995 1.526 1.526 5.037 3.053 #DIV/0! 0.509 1.362 0.763 

p Value     0.247 0.081 0.816 0.992 0.415 0.626 0.000 0.073 #DIV/0! 0.436 0.351 0.768 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.977 0.423 0.466 0.714 0.714 2.357 1.429 #DIV/0! 0.238 0.637 0.357 

p Value       0.972 0.196 0.256 0.642 0.738 0.162 0.656 #DIV/0! 0.153 0.457 0.325 

Business 

Odds 

Ratio 
        0.433 0.477 0.731 0.731 2.412 1.462 #DIV/0! 0.244 0.652 0.365 

p Value         0.055 0.099 0.548 0.719 0.012 0.544 #DIV/0! 0.105 0.205 0.272 

Commercial 

Odds 

Ratio 
          1.101 1.688 1.688 5.569 3.375 #DIV/0! 0.563 1.506 0.844 

p Value           0.834 0.324 0.550 0.000 0.054 #DIV/0! 0.511 0.242 0.854 

Emergency 

Medical Services 

Odds 

Ratio 
            1.533 1.533 5.060 3.067 #DIV/0! 0.511 1.368 0.767 

p Value             0.429 0.628 0.000 0.080 #DIV/0! 0.446 0.390 0.775 

External Load 

Odds 

Ratio 
              1.000 3.300 2.000 #DIV/0! 0.333 0.892 0.500 

p Value               1.000 0.010 0.318 #DIV/0! 0.233 0.801 0.473 

Firefighting 

Odds 

Ratio 
                3.300 2.000 #DIV/0! 0.333 0.892 0.500 

p Value                 0.153 0.481 #DIV/0! 0.341 0.891 0.560 

Instructional / 

Training 

Odds 

Ratio 
                  0.606 #DIV/0! 0.101 0.270 0.152 

p Value                   0.385 #DIV/0! 0.006 0.000 0.033 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 0.167 0.446 0.250 

p Value                     #DIV/0! 0.068 0.156 0.176 

Logging 

Odds 

Ratio 
                      0.000 0.000 0.000 

p Value                       #NUM! #NUM! #NUM! 

Offshore 
Odds 

Ratio 
                        2.677 1.500 
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Table 76. Odds ratios and p values for the likelihood for an accident to have at least one adverse mental state classification based 

on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  1.765 #DIV/0! #DIV/0! 2.140 0.602 #DIV/0! 0.321 #DIV/0! 1.043 #DIV/0! 1.123 5.489 0.802 

p Value   0.345 #DIV/0! #DIV/0! 0.255 0.308 #DIV/0! 0.215 #DIV/0! 0.959 #DIV/0! 0.916 0.002 0.846 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! 1.212 0.341 #DIV/0! 0.182 #DIV/0! 0.591 #DIV/0! 0.636 3.109 0.455 

p Value     #DIV/0! #DIV/0! 0.809 0.101 #DIV/0! 0.092 #DIV/0! 0.568 #DIV/0! 0.704 0.101 0.516 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! 0.000 0.000 0.000 

p Value       #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Business 

Odds 

Ratio 
        0.000 0.000 #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! 0.000 0.000 0.000 

p Value         #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Commercial 

Odds 

Ratio 
          0.281 #DIV/0! 0.150 #DIV/0! 0.488 #DIV/0! 0.525 2.565 0.375 

p Value           0.078 #DIV/0! 0.072 #DIV/0! 0.458 #DIV/0! 0.599 0.210 0.432 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! 0.533 #DIV/0! 1.733 #DIV/0! 1.867 9.120 1.333 

p Value             #DIV/0! 0.510 #DIV/0! 0.521 #DIV/0! 0.584 0.000 0.805 

External Load 

Odds 

Ratio 
              0.000 #DIV/0! 0.000 #DIV/0! 0.000 0.000 0.000 

p Value               #NUM! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Firefighting 

Odds 

Ratio 
                #DIV/0! 3.250 #DIV/0! 3.500 17.100 2.500 

p Value                 #DIV/0! 0.306 #DIV/0! 0.363 0.004 0.512 

Instructional / 

Training 

Odds 

Ratio 
                  0.000 #DIV/0! 0.000 0.000 0.000 

p Value                   #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 1.077 5.262 0.769 

p Value                     #DIV/0! 0.955 0.061 0.844 

Logging 

Odds 

Ratio 
                      0.000 0.000 0.000 

p Value                       #NUM! #NUM! #NUM! 

Offshore 
Odds 

Ratio 
                        4.886 0.714 
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Table 77. Odds ratios and p values for the likelihood for an accident to have at least one adverse physiological state classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.161 #DIV/0! 0.110 0.143 0.071 #DIV/0! #DIV/0! 0.914 0.151 #DIV/0! #DIV/0! 0.178 #DIV/0! 

p Value   0.119 #DIV/0! 0.052 0.097 0.018 #DIV/0! #DIV/0! 0.942 0.189 #DIV/0! #DIV/0! 0.103 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! 0.683 0.889 0.440 #DIV/0! #DIV/0! 5.667 0.933 #DIV/0! #DIV/0! 1.107 #DIV/0! 

p Value     #DIV/0! 0.631 0.889 0.283 #DIV/0! #DIV/0! 0.062 0.954 #DIV/0! #DIV/0! 0.881 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.000 0.000 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value       #NUM! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        1.301 0.644 #DIV/0! #DIV/0! 8.293 1.366 #DIV/0! #DIV/0! 1.620 #DIV/0! 

p Value         0.741 0.535 #DIV/0! #DIV/0! 0.017 0.788 #DIV/0! #DIV/0! 0.434 #DIV/0! 

Commercial 

Odds 

Ratio 
          0.495 #DIV/0! #DIV/0! 6.375 1.050 #DIV/0! #DIV/0! 1.245 #DIV/0! 

p Value           0.359 #DIV/0! #DIV/0! 0.046 0.967 #DIV/0! #DIV/0! 0.748 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! #DIV/0! 12.879 2.121 #DIV/0! #DIV/0! 2.515 #DIV/0! 

p Value             #DIV/0! #DIV/0! 0.003 0.510 #DIV/0! #DIV/0! 0.112 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value               #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                 #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.165 #DIV/0! #DIV/0! 0.195 #DIV/0! 

p Value                   0.151 #DIV/0! #DIV/0! 0.037 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! 1.186 #DIV/0! 

p Value                     #DIV/0! #DIV/0! 0.875 #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! 0.000 #DIV/0! 

p Value                       #DIV/0! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        0.000 #DIV/0! 
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Table 78. Odds ratios and p values for the likelihood for an accident to have at least one physical / mental limitation classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  0.758 #DIV/0! #DIV/0! #DIV/0! 0.280 #DIV/0! #DIV/0! 0.676 0.462 #DIV/0! #DIV/0! 0.495 #DIV/0! 

p Value   0.766 #DIV/0! #DIV/0! #DIV/0! 0.107 #DIV/0! #DIV/0! 0.570 0.516 #DIV/0! #DIV/0! 0.289 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! #DIV/0! 0.370 #DIV/0! #DIV/0! 0.891 0.609 #DIV/0! #DIV/0! 0.652 #DIV/0! 

p Value     #DIV/0! #DIV/0! #DIV/0! 0.266 #DIV/0! #DIV/0! 0.887 0.694 #DIV/0! #DIV/0! 0.587 #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value       #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value         #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value           #NUM! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! #DIV/0! 2.412 1.647 #DIV/0! #DIV/0! 1.765 #DIV/0! 

p Value             #DIV/0! #DIV/0! 0.169 0.668 #DIV/0! #DIV/0! 0.355 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value               #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                 #NUM! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.683 #DIV/0! #DIV/0! 0.732 #DIV/0! 

p Value                   0.728 #DIV/0! #DIV/0! 0.513 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! 1.071 #DIV/0! 

p Value                     #DIV/0! #DIV/0! 0.949 #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! 0.000 #DIV/0! 

p Value                       #DIV/0! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        0.000 #DIV/0! 
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Table 79. Odds ratios and p values for the likelihood for an accident to have at least one crew resource management classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! 0.467 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.726 0.304 #DIV/0! #DIV/0! #DIV/0! 0.109 

p Value   #DIV/0! #DIV/0! 0.455 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.705 0.344 #DIV/0! #DIV/0! #DIV/0! 0.090 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value     #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value       #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

Business 

Odds 

Ratio 
        #DIV/0! #DIV/0! #DIV/0! #DIV/0! 1.553 0.651 #DIV/0! #DIV/0! #DIV/0! 0.233 

p Value         #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.606 0.734 #DIV/0! #DIV/0! #DIV/0! 0.267 

Commercial 

Odds 

Ratio 
          #DIV/0! #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value           #DIV/0! #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value             #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

External Load 

Odds 

Ratio 
              #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value               #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

Firefighting 

Odds 

Ratio 
                0.000 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 

p Value                 #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! 

Instructional / 

Training 

Odds 

Ratio 
                  0.419 #DIV/0! #DIV/0! #DIV/0! 0.150 

p Value                   0.442 #DIV/0! #DIV/0! #DIV/0! 0.109 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! #DIV/0! 0.357 

p Value                     #DIV/0! #DIV/0! #DIV/0! 0.495 

Logging 

Odds 

Ratio 
                      #DIV/0! #DIV/0! 0.000 

p Value                       #DIV/0! #DIV/0! #NUM! 

Offshore 
Odds 

Ratio 
                        #DIV/0! 0.000 
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Table 80. Odds ratios and p values for the likelihood for an accident to have at least one personal readiness classification based on 

mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional / 

Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.398 #DIV/0! #DIV/0! 0.914 #DIV/0! #DIV/0! #DIV/0! 0.620 #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.519 #DIV/0! #DIV/0! 0.942 #DIV/0! #DIV/0! #DIV/0! 0.681 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value     #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value       #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value         #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value           #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! #DIV/0! 2.297 #DIV/0! #DIV/0! #DIV/0! 1.559 #DIV/0! 

p Value             #DIV/0! #DIV/0! 0.502 #DIV/0! #DIV/0! #DIV/0! 0.704 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value               #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                 #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! #DIV/0! 0.678 #DIV/0! 

p Value                   #DIV/0! #DIV/0! #DIV/0! 0.673 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                     #DIV/0! #DIV/0! #NUM! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! 0.000 #DIV/0! 

p Value                       #DIV/0! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        0.000 #DIV/0! 
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Table 81. Odds ratios and p values for the likelihood for an accident to have at least one inadequate supervision classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value   #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value     #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value       #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.841 0.477 #DIV/0! 0.075 #DIV/0! #DIV/0! #DIV/0! 3.977 #DIV/0! 

p Value         #DIV/0! 0.904 0.607 #DIV/0! 0.012 #DIV/0! #DIV/0! #DIV/0! 0.332 #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value           #NUM! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            0.568 #DIV/0! 0.089 #DIV/0! #DIV/0! #DIV/0! 4.730 #DIV/0! 

p Value             0.694 #DIV/0! 0.019 #DIV/0! #DIV/0! #DIV/0! 0.276 #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 0.157 #DIV/0! #DIV/0! #DIV/0! 8.333 #DIV/0! 

p Value               #DIV/0! 0.075 #DIV/0! #DIV/0! #DIV/0! 0.139 #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                 #NUM! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! #DIV/0! 53.030 #DIV/0! 

p Value                   #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! 0.000 #DIV/0! 

p Value                     #DIV/0! #DIV/0! #NUM! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! 0.000 #DIV/0! 

p Value                       #DIV/0! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        0.000 #DIV/0! 
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Table 82. Odds ratios and p values for the likelihood for an accident to have at least one planned inappropriate operations 

classification based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional / 

Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.226 #DIV/0! 1.839 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.300 #DIV/0! 0.668 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value     #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value       #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value         #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Commercial 

Odds 

Ratio 
          #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value           #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value             #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

External Load 

Odds 

Ratio 
              #DIV/0! 8.143 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value               #DIV/0! 0.143 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Firefighting 

Odds 

Ratio 
                0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                 #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                     #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! #DIV/0! #DIV/0! 

p Value                       #DIV/0! #DIV/0! #DIV/0! 

Offshore 
Odds 

Ratio 
                        #DIV/0! #DIV/0! 



430 

 

 

 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional / 

Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

p Value                         #DIV/0! #DIV/0! 

Personal / Private 

Odds 

Ratio 
                          #DIV/0! 

p Value                           #DIV/0! 

Utilities Patrol / 

Construction 

Odds 

Ratio 
                            

p Value                             

 

 

  



431 

 

 

 

Table 83. Odds ratios and p values for the likelihood for an accident to have at least one supervisory violation classification based 

on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value     #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value       #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Business 

Odds 

Ratio 
        #DIV/0! 0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value         #DIV/0! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value           #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! 0.135 0.903 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value             #DIV/0! 0.180 0.927 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

External Load 

Odds 

Ratio 
              0.000 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value               #NUM! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Firefighting 

Odds 

Ratio 
                6.680 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                 0.109 #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                     #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! #DIV/0! #DIV/0! 

p Value                       #DIV/0! #DIV/0! #DIV/0! 

Offshore 
Odds 

Ratio 
                        #DIV/0! #DIV/0! 
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Table 84. Odds ratios and p values for the likelihood for an accident to have at least one resource management classification based 

on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial Application 

Odds 

Ratio 
  #DIV/0! #DIV/0! #DIV/0! 0.446 0.254 #DIV/0! 0.109 3.717 0.141 #DIV/0! 0.152 3.804 #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! 0.427 0.142 #DIV/0! 0.090 0.286 0.061 #DIV/0! 0.143 0.278 #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! 0.000 0.000 #DIV/0! 0.000 0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 

p Value     #DIV/0! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! 0.000 0.000 #DIV/0! 0.000 0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 

p Value       #DIV/0! #NUM! #NUM! #DIV/0! #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! 

Business 

Odds 

Ratio 
        0.000 0.000 #DIV/0! 0.000 0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 

p Value         #NUM! #NUM! #DIV/0! #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.569 #DIV/0! 0.244 8.341 0.317 #DIV/0! 0.341 8.537 #DIV/0! 

p Value           0.549 #DIV/0! 0.283 0.086 0.274 #DIV/0! 0.405 0.083 #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! 0.429 14.657 0.557 #DIV/0! 0.600 15.000 #DIV/0! 

p Value             #DIV/0! 0.498 0.022 0.546 #DIV/0! 0.677 0.021 #DIV/0! 

External Load 

Odds 

Ratio 
              0.000 0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 

p Value               #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! 

Firefighting 

Odds 

Ratio 
                34.200 1.300 #DIV/0! 1.400 35.000 #DIV/0! 

p Value                 0.017 0.844 #DIV/0! 0.826 0.017 #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.038 #DIV/0! 0.041 1.023 #DIV/0! 

p Value                   0.009 #DIV/0! 0.029 0.987 #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 1.077 26.923 #DIV/0! 

p Value                     #DIV/0! 0.955 0.009 #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 0.000 #DIV/0! 

p Value                       #NUM! #NUM! #DIV/0! 

Offshore 
Odds 

Ratio 
                        25.000 #DIV/0! 
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Table 85. Odds ratios and p values for the likelihood for an accident to have at least one organizational climate classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities Patrol 

/ Construction 

Aerial 

Application 

Odds 

Ratio 
  0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value   #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    #DIV/0! #DIV/0! 0.894 #DIV/0! #DIV/0! 0.106 #DIV/0! 0.298 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value     #DIV/0! #DIV/0! 0.937 #DIV/0! #DIV/0! 0.133 #DIV/0! 0.402 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      #DIV/0! 0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value       #DIV/0! #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Business 

Odds 

Ratio 
        0.000 #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value         #NUM! #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Commercial 

Odds 

Ratio 
          #DIV/0! #DIV/0! 0.119 #DIV/0! 0.333 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value           #DIV/0! #DIV/0! 0.154 #DIV/0! 0.448 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value             #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

External Load 

Odds 

Ratio 
              0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value               #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Firefighting 

Odds 

Ratio 
                #DIV/0! 2.800 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                 #DIV/0! 0.495 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.000 #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                   #NUM! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value                     #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Logging 

Odds 

Ratio 
                      #DIV/0! #DIV/0! #DIV/0! 

p Value                       #DIV/0! #DIV/0! #DIV/0! 

Offshore 
Odds 

Ratio 
                        #DIV/0! #DIV/0! 
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Table 86. Odds ratios and p values for the likelihood for an accident to have at least one organizational process classification 

based on mission types 

  
Aerial 

Application 

Aerial 

Observation 

Air Tour / 

Sightseeing 
Business Commercial 

Emergency 

Medical 

Services 

External 

Load 
Firefighting 

Instructional 

/ Training 

Law 

Enforcement 
Logging Offshore 

Personal 

/ Private 

Utilities 

Patrol / 

Construction 

Aerial 

Application 

Odds 

Ratio 
  2.640 0.618 2.472 1.152 0.371 0.562 0.281 #DIV/0! 0.225 #DIV/0! 0.169 #DIV/0! #DIV/0! 

p Value   0.382 0.673 0.415 0.869 0.135 0.509 0.285 #DIV/0! 0.060 #DIV/0! 0.057 #DIV/0! #DIV/0! 

Aerial 

Observation 

Odds 

Ratio 
    0.234 0.936 0.436 0.140 0.213 0.106 #DIV/0! 0.085 #DIV/0! 0.064 #DIV/0! #DIV/0! 

p Value     0.318 0.963 0.505 0.079 0.217 0.133 #DIV/0! 0.040 #DIV/0! 0.034 #DIV/0! #DIV/0! 

Air 

Tour/Sightseeing 

Odds 

Ratio 
      4.000 1.864 0.600 0.909 0.455 #DIV/0! 0.364 #DIV/0! 0.273 #DIV/0! #DIV/0! 

p Value       0.340 0.624 0.657 0.941 0.602 #DIV/0! 0.410 #DIV/0! 0.327 #DIV/0! #DIV/0! 

Business 

Odds 

Ratio 
        0.466 0.150 0.227 0.114 #DIV/0! 0.091 #DIV/0! 0.068 #DIV/0! #DIV/0! 

p Value         0.539 0.090 0.237 0.145 #DIV/0! 0.046 #DIV/0! 0.039 #DIV/0! #DIV/0! 

Commercial 

Odds 

Ratio 
          0.322 0.488 0.244 #DIV/0! 0.195 #DIV/0! 0.146 #DIV/0! #DIV/0! 

p Value           0.192 0.489 0.283 #DIV/0! 0.092 #DIV/0! 0.078 #DIV/0! #DIV/0! 

Emergency 

Medical Services 

Odds 

Ratio 
            1.515 0.758 #DIV/0! 0.606 #DIV/0! 0.455 #DIV/0! #DIV/0! 

p Value             0.638 0.816 #DIV/0! 0.534 #DIV/0! 0.405 #DIV/0! #DIV/0! 

External Load 

Odds 

Ratio 
              0.500 #DIV/0! 0.400 #DIV/0! 0.300 #DIV/0! #DIV/0! 

p Value               0.600 #DIV/0! 0.351 #DIV/0! 0.275 #DIV/0! #DIV/0! 

Firefighting 

Odds 

Ratio 
                #DIV/0! 0.800 #DIV/0! 0.600 #DIV/0! #DIV/0! 

p Value                 #DIV/0! 0.861 #DIV/0! 0.708 #DIV/0! #DIV/0! 

Instructional / 

Training 

Odds 

Ratio 
                  0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value                   #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! 

Law Enforcement 

Odds 

Ratio 
                    #DIV/0! 0.750 #DIV/0! #DIV/0! 

p Value                     #DIV/0! 0.782 #DIV/0! #DIV/0! 

Logging 

Odds 

Ratio 
                      0.000 #DIV/0! #DIV/0! 

p Value                       #NUM! #DIV/0! #DIV/0! 

Offshore 
Odds 

Ratio 
                        #DIV/0! #DIV/0! 
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Appendix V. Odds Ratio and p Values of the Likelihood for an Accident Report 

to have one or more of a particular HFACS Classifications Based on Phase of Flight 

 

Table 87. Odds ratios and p values for the likelihood for an accident to have at least one 

skill-based error based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     2.913 3.313 1.196 1.252 4.102 1.994 

p Value     0.018 0.031 0.725 0.610 0.025 0.191 

En Route 

Odds Ratio       1.137 0.411 0.430 1.408 0.685 

p Value       0.771 0.021 0.003 0.521 0.354 

Initial Climb 

Odds Ratio         0.361 0.378 1.238 0.602 

p Value         0.042 0.024 0.732 0.329 

Landing 

Odds Ratio           1.046 3.429 1.667 

p Value           0.903 0.035 0.279 

Maneuvering 

Odds Ratio             3.276 1.593 

p Value             0.024 0.241 

Standing 

Odds Ratio               0.486 

p Value               0.229 

Takeoff 

Odds Ratio                 

p Value                 
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Table 88. Odds ratios and p values for the likelihood for an accident to have at least one 

decision error based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.214 0.300 0.180 0.392 0.317 0.643 0.283 

p Value   0.023 0.069 0.018 0.162 0.077 0.590 0.067 

Approach 

Odds Ratio     1.400 0.842 1.829 1.481 3.000 1.320 

p Value     0.258 0.676 0.054 0.136 0.052 0.431 

En Route 

Odds Ratio       0.602 1.306 1.058 2.143 0.943 

p Value       0.188 0.340 0.800 0.165 0.856 

Initial Climb 

Odds Ratio         2.171 1.759 3.563 1.568 

p Value         0.052 0.118 0.040 0.297 

Landing 

Odds Ratio           0.810 1.641 0.722 

p Value           0.389 0.375 0.335 

Maneuvering 

Odds Ratio             2.025 0.891 

p Value             0.184 0.694 

Standing 

Odds Ratio               0.440 

p Value               0.157 

Takeoff 

Odds Ratio                 

p Value                 
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Table 89. Odds ratios and p values for the likelihood for an accident to have at least one 

perceptual error based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 0.000 0.000 #DIV/0! 0.000 

p Value   #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #NUM! 

Approach 

Odds Ratio     0.679 1.114 2.481 1.762 #DIV/0! 2.925 

p Value     0.420 0.881 0.160 0.236 #DIV/0! 0.192 

En Route 

Odds Ratio       1.641 3.654 2.595 #DIV/0! 4.308 

p Value       0.454 0.025 0.012 #DIV/0! 0.057 

Initial Climb 

Odds Ratio         2.227 1.581 #DIV/0! 2.625 

p Value         0.311 0.487 #DIV/0! 0.304 

Landing 

Odds Ratio           0.710 #DIV/0! 1.179 

p Value           0.552 #DIV/0! 0.852 

Maneuvering 

Odds Ratio             #DIV/0! 1.660 

p Value             #DIV/0! 0.509 

Standing 

Odds Ratio               0.000 

p Value               #NUM! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 90. Odds ratios and p values for the likelihood for an accident to have at least one 

routine violation classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 #DIV/0! 0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Approach 

Odds Ratio     0.808 0.226 #DIV/0! 1.822 0.260 0.251 

p Value     0.863 0.231 #DIV/0! 0.626 0.349 0.237 

En Route 

Odds Ratio       0.280 #DIV/0! 2.254 0.322 0.311 

p Value       0.211 #DIV/0! 0.419 0.364 0.208 

Initial Climb 

Odds Ratio         #DIV/0! 8.061 1.152 1.111 

p Value         #DIV/0! 0.040 0.911 0.911 

Landing 

Odds Ratio           0.000 0.000 0.000 

p Value           #NUM! #NUM! #NUM! 

Maneuvering 

Odds Ratio             0.143 0.138 

p Value             0.119 0.032 

Standing 

Odds Ratio               0.965 

p Value               0.976 

Takeoff 

Odds Ratio                 

p Value                 
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Table 91. Odds ratios and p values for the likelihood for an accident to have at least one 

exceptional violation classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 #DIV/0! 0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! #DIV/0! #NUM! #NUM! #NUM! 

Approach 

Odds Ratio     3.371 1.943 #DIV/0! 2.495 1.086 1.600 

p Value     0.167 0.559 #DIV/0! 0.166 0.943 0.595 

En Route 

Odds Ratio       0.576 #DIV/0! 0.740 0.322 0.475 

p Value       0.657 #DIV/0! 0.715 0.364 0.462 

Initial Climb 

Odds Ratio         #DIV/0! 1.284 0.559 0.824 

p Value         #DIV/0! 0.819 0.687 0.876 

Landing 

Odds Ratio           0.000 0.000 0.000 

p Value           #NUM! #NUM! #NUM! 

Maneuvering 

Odds Ratio             0.435 0.641 

p Value             0.452 0.592 

Standing 

Odds Ratio               1.474 

p Value               0.757 

Takeoff 

Odds Ratio                 

p Value                 
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Table 92. Odds ratios and p values for the likelihood for an accident to have at least one 

technological environment classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   2.333 0.594 1.422 4.267 1.420 1.200 1.413 

p Value   0.353 0.509 0.715 0.128 0.654 0.863 0.696 

Approach 

Odds Ratio     0.255 0.610 1.829 0.609 0.514 0.606 

p Value     0.016 0.532 0.439 0.374 0.463 0.471 

En Route 

Odds Ratio       2.395 7.184 2.391 2.020 2.380 

p Value       0.178 0.002 0.007 0.368 0.098 

Initial Climb 

Odds Ratio         3.000 0.999 0.844 0.994 

p Value         0.192 0.998 0.859 0.993 

Landing 

Odds Ratio           0.333 0.281 0.331 

p Value           0.079 0.181 0.141 

Maneuvering 

Odds Ratio             0.845 0.995 

p Value             0.828 0.992 

Standing 

Odds Ratio               1.178 

p Value               0.852 

Takeoff 

Odds Ratio                 

p Value                 
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Table 93. Odds ratios and p values for the likelihood for an accident to have at least one 

physical environment classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   1.477 1.163 1.336 1.350 1.306 2.625 1.292 

p Value   0.470 0.771 0.625 0.568 0.594 0.161 0.643 

Approach 

Odds Ratio     0.788 0.905 0.914 0.885 1.778 0.875 

p Value     0.422 0.808 0.772 0.644 0.288 0.704 

En Route 

Odds Ratio       1.149 1.161 1.123 2.257 1.111 

p Value       0.719 0.584 0.597 0.118 0.744 

Initial Climb 

Odds Ratio         1.011 0.978 1.965 0.967 

p Value         0.979 0.951 0.256 0.937 

Landing 

Odds Ratio           0.968 1.944 0.957 

p Value           0.890 0.208 0.894 

Maneuvering 

Odds Ratio             2.009 0.989 

p Value             0.165 0.969 

Standing 

Odds Ratio               0.492 

p Value               0.201 

Takeoff 

Odds Ratio                 

p Value                 
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Table 94. Odds ratios and p values for the likelihood for an accident to have at least one 

adverse mental state classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 0.000 0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! #NUM! #NUM! #NUM! #NUM! 

Approach 

Odds Ratio     0.972 0.451 1.004 0.665 0.127 0.775 

p Value     0.969 0.345 0.996 0.527 0.008 0.760 

En Route 

Odds Ratio       0.464 1.033 0.685 0.130 0.797 

p Value       0.310 0.963 0.470 0.003 0.762 

Initial Climb 

Odds Ratio         2.227 1.477 0.281 1.719 

p Value         0.311 0.553 0.110 0.522 

Landing 

Odds Ratio           0.663 0.126 0.772 

p Value           0.473 0.004 0.741 

Maneuvering 

Odds Ratio             0.190 1.164 

p Value             0.004 0.814 

Standing 

Odds Ratio               6.111 

p Value               0.021 

Takeoff 

Odds Ratio                 

p Value                 
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Table 95. Odds ratios and p values for the likelihood for an accident to have at least one 

adverse physiological state classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 0.000 0.000 #DIV/0! 0.000 

p Value   #NUM! #NUM! #NUM! #NUM! #NUM! #DIV/0! #NUM! 

Approach 

Odds Ratio     0.168 0.296 2.722 1.461 #DIV/0! 1.583 

p Value     0.020 0.194 0.417 0.654 #DIV/0! 0.710 

En Route 

Odds Ratio       1.761 16.175 8.682 #DIV/0! 9.408 

p Value       0.390 0.007 0.000 #DIV/0! 0.031 

Initial Climb 

Odds Ratio         9.188 4.931 #DIV/0! 5.344 

p Value         0.059 0.034 #DIV/0! 0.154 

Landing 

Odds Ratio           0.537 #DIV/0! 0.582 

p Value           0.572 #DIV/0! 0.704 

Maneuvering 

Odds Ratio             #DIV/0! 1.084 

p Value             #DIV/0! 0.942 

Standing 

Odds Ratio               0.000 

p Value               #NUM! 

Takeoff 

Odds Ratio                 

p Value                 

  



448 

 

 

 

Table 96. Odds ratios and p values for the likelihood for an accident to have at least one 

physical / mental limitation classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   1.094 1.438 #DIV/0! 6.125 0.984 #DIV/0! 1.750 

p Value   0.938 0.748 #DIV/0! 0.208 0.988 #DIV/0! 0.656 

Approach 

Odds Ratio     1.314 #DIV/0! 5.600 0.900 #DIV/0! 1.600 

p Value     0.691 #DIV/0! 0.127 0.855 #DIV/0! 0.595 

En Route 

Odds Ratio       #DIV/0! 4.261 0.685 #DIV/0! 1.217 

p Value       #DIV/0! 0.189 0.470 #DIV/0! 0.817 

Initial Climb 

Odds Ratio         0.000 0.000 #DIV/0! 0.000 

p Value         #NUM! #NUM! #DIV/0! #NUM! 

Landing 

Odds Ratio           0.161 #DIV/0! 0.286 

p Value           0.078 #DIV/0! 0.311 

Maneuvering 

Odds Ratio             #DIV/0! 1.778 

p Value             #DIV/0! 0.452 

Standing 

Odds Ratio               0.000 

p Value               #NUM! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 97. Odds ratios and p values for the likelihood for an accident to have at least one 

crew resource management classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! 0.000 

p Value   #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #NUM! 

Approach 

Odds Ratio     1.639 #DIV/0! 1.347 3.694 #DIV/0! 0.509 

p Value     0.625 #DIV/0! 0.768 0.195 #DIV/0! 0.468 

En Route 

Odds Ratio       #DIV/0! 0.822 2.254 #DIV/0! 0.311 

p Value       #DIV/0! 0.846 0.419 #DIV/0! 0.208 

Initial Climb 

Odds Ratio         0.000 0.000 #DIV/0! 0.000 

p Value         #NUM! #NUM! #DIV/0! #NUM! 

Landing 

Odds Ratio           2.742 #DIV/0! 0.378 

p Value           0.316 #DIV/0! 0.295 

Maneuvering 

Odds Ratio             #DIV/0! 0.138 

p Value             #DIV/0! 0.032 

Standing 

Odds Ratio               0.000 

p Value               #NUM! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 98. Odds ratios and p values for the likelihood for an accident to have at least one 

personal readiness classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 #DIV/0! 0.000 0.000 #DIV/0! #DIV/0! 

p Value   #NUM! #NUM! #DIV/0! #NUM! #NUM! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     1.083 #DIV/0! 2.722 7.417 #DIV/0! #DIV/0! 

p Value     0.931 #DIV/0! 0.417 0.104 #DIV/0! #DIV/0! 

En Route 

Odds Ratio       #DIV/0! 2.513 6.846 #DIV/0! #DIV/0! 

p Value       #DIV/0! 0.428 0.097 #DIV/0! #DIV/0! 

Initial Climb 

Odds Ratio         0.000 0.000 #DIV/0! #DIV/0! 

p Value         #NUM! #NUM! #DIV/0! #DIV/0! 

Landing 

Odds Ratio           2.724 #DIV/0! #DIV/0! 

p Value           0.480 #DIV/0! #DIV/0! 

Maneuvering 

Odds Ratio             #DIV/0! #DIV/0! 

p Value             #DIV/0! #DIV/0! 

Standing 

Odds Ratio               #DIV/0! 

p Value               #DIV/0! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 99. Odds ratios and p values for the likelihood for an accident to have at least one 

inadequate supervision classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.358 2.438 #DIV/0! 0.500 1.054 #DIV/0! 1.146 

p Value   0.342 0.452 #DIV/0! 0.521 0.960 #DIV/0! 0.909 

Approach 

Odds Ratio     6.810 #DIV/0! 1.397 2.945 #DIV/0! 3.201 

p Value     0.004 #DIV/0! 0.465 0.010 #DIV/0! 0.086 

En Route 

Odds Ratio       #DIV/0! 0.205 0.432 #DIV/0! 0.470 

p Value       #DIV/0! 0.017 0.192 #DIV/0! 0.365 

Initial Climb 

Odds Ratio         0.000 0.000 #DIV/0! 0.000 

p Value         #NUM! #NUM! #DIV/0! #NUM! 

Landing 

Odds Ratio           2.108 #DIV/0! 2.292 

p Value           0.073 #DIV/0! 0.218 

Maneuvering 

Odds Ratio             #DIV/0! 1.087 

p Value             #DIV/0! 0.898 

Standing 

Odds Ratio               0.000 

p Value               #NUM! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 100. Odds ratios and p values for the likelihood for an accident to have at least one 

planned inappropriate operations classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   #DIV/0! #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value   #DIV/0! #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     #DIV/0! #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value     #DIV/0! #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! 

En Route 

Odds Ratio       #DIV/0! #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value       #DIV/0! #DIV/0! #NUM! #DIV/0! #DIV/0! 

Initial Climb 

Odds Ratio         #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value         #DIV/0! #NUM! #DIV/0! #DIV/0! 

Landing 

Odds Ratio           0.000 #DIV/0! #DIV/0! 

p Value           #NUM! #DIV/0! #DIV/0! 

Maneuvering 

Odds Ratio             #DIV/0! #DIV/0! 

p Value             #DIV/0! #DIV/0! 

Standing 

Odds Ratio               #DIV/0! 

p Value               #DIV/0! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 101. Odds ratios and p values for the likelihood for an accident to have at least one 

supervisory violation classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   #DIV/0! 0.000 0.000 0.000 0.000 #DIV/0! #DIV/0! 

p Value   #DIV/0! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     0.000 0.000 0.000 0.000 #DIV/0! #DIV/0! 

p Value     #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! 

En Route 

Odds Ratio       0.286 0.824 0.555 #DIV/0! #DIV/0! 

p Value       0.380 0.891 0.600 #DIV/0! #DIV/0! 

Initial Climb 

Odds Ratio         2.882 1.941 #DIV/0! #DIV/0! 

p Value         0.459 0.558 #DIV/0! #DIV/0! 

Landing 

Odds Ratio           0.673 #DIV/0! #DIV/0! 

p Value           0.725 #DIV/0! #DIV/0! 

Maneuvering 

Odds Ratio             #DIV/0! #DIV/0! 

p Value             #DIV/0! #DIV/0! 

Standing 

Odds Ratio               #DIV/0! 

p Value               #DIV/0! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 102. Odds ratios and p values for the likelihood for an accident to have at least one 

resource management classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   #DIV/0! 0.000 0.000 0.000 0.000 #DIV/0! #DIV/0! 

p Value   #DIV/0! #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     0.000 0.000 0.000 0.000 #DIV/0! #DIV/0! 

p Value     #NUM! #NUM! #NUM! #NUM! #DIV/0! #DIV/0! 

En Route 

Odds Ratio       1.338 7.946 21.649 #DIV/0! #DIV/0! 

p Value       0.718 0.051 0.004 #DIV/0! #DIV/0! 

Initial Climb 

Odds Ratio         5.939 16.182 #DIV/0! #DIV/0! 

p Value         0.151 0.025 #DIV/0! #DIV/0! 

Landing 

Odds Ratio           2.724 #DIV/0! #DIV/0! 

p Value           0.480 #DIV/0! #DIV/0! 

Maneuvering 

Odds Ratio             #DIV/0! #DIV/0! 

p Value             #DIV/0! #DIV/0! 

Standing 

Odds Ratio               #DIV/0! 

p Value               #DIV/0! 

Takeoff 

Odds Ratio                 

p Value                 

  



455 

 

 

 

Table 103. Odds ratios and p values for the likelihood for an accident to have at least one 

organizational climate classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   #DIV/0! #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value   #DIV/0! #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! 

Approach 

Odds Ratio     #DIV/0! 0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value     #DIV/0! #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! 

En Route 

Odds Ratio       0.000 #DIV/0! 0.000 #DIV/0! #DIV/0! 

p Value       #NUM! #DIV/0! #NUM! #DIV/0! #DIV/0! 

Initial Climb 

Odds Ratio         #DIV/0! 25.031 #DIV/0! #DIV/0! 

p Value         #DIV/0! 0.006 #DIV/0! #DIV/0! 

Landing 

Odds Ratio           0.000 #DIV/0! #DIV/0! 

p Value           #NUM! #DIV/0! #DIV/0! 

Maneuvering 

Odds Ratio             #DIV/0! #DIV/0! 

p Value             #DIV/0! #DIV/0! 

Standing 

Odds Ratio               #DIV/0! 

p Value               #DIV/0! 

Takeoff 

Odds Ratio                 

p Value                 
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Table 104. Odds ratios and p values for the likelihood for an accident to have at least one 

organizational process classification based on phase of flight. 

  Air Taxi Approach En Route Initial Climb Landing Maneuvering Standing Takeoff 

Air Taxi 

Odds Ratio   0.000 0.000 0.000 0.000 0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! #NUM! #NUM! #NUM! #NUM! 

Approach 

Odds Ratio     0.192 0.226 1.342 0.445 0.260 0.384 

p Value     0.123 0.231 0.836 0.449 0.349 0.439 

En Route 

Odds Ratio       1.179 7.000 2.321 1.357 2.000 

p Value       0.840 0.069 0.100 0.779 0.391 

Initial Climb 

Odds Ratio         5.939 1.970 1.152 1.697 

p Value         0.151 0.404 0.911 0.605 

Landing 

Odds Ratio           0.332 0.194 0.286 

p Value           0.301 0.253 0.311 

Maneuvering 

Odds Ratio             0.585 0.862 

p Value             0.621 0.853 

Standing 

Odds Ratio               1.474 

p Value               0.757 

Takeoff 

Odds Ratio                 

p Value                 
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Appendix W. Odds Ratio and p Values of the Likelihood for an Accident Report 

to have one or more of a particular HFACS Classifications Based on Time of Day 

Table 105. Odds ratios and p values for the likelihood for an accident to have at least one 

skill-based error based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   1.017 0.727 7.314 

p Value   0.988 0.831 0.068 

Day 

Odds Ratio     0.715 7.193 

p Value     0.750 0.000 

Dusk 

Odds Ratio       10.057 

p Value       0.031 

Night 

Odds Ratio         

p Value         

 

Table 106. Odds ratios and p values for the likelihood for an accident to have at least one 

decision error based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.741 0.700 0.581 

p Value   0.673 0.698 0.468 

Day 

Odds Ratio     0.945 0.784 

p Value     0.924 0.347 

Dusk 

Odds Ratio       0.829 

p Value       0.768 

Night 

Odds Ratio         

p Value         
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Table 107. Odds ratios and p values for the likelihood for an accident to have at least one 

perceptual error based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! 

Day 

Odds Ratio     0.397 0.061 

p Value     0.387 0.000 

Dusk 

Odds Ratio       0.153 

p Value       0.080 

Night 

Odds Ratio         

p Value         

 

Table 108. Odds ratios and p values for the likelihood for an accident to have at least one 

routine violation based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 1.113 

p Value     #DIV/0! 0.919 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         
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Table 109. Odds ratios and p values for the likelihood for an accident to have at least one 

exceptional violation based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   5.673 #DIV/0! 4.063 

p Value   0.114 #DIV/0! 0.274 

Day 

Odds Ratio     #DIV/0! 0.716 

p Value     #DIV/0! 0.665 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

Table 110. Odds ratios and p values for the likelihood for an accident to have at least one 

technological environment classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   2.965 3.143 2.107 

p Value   0.182 0.384 0.400 

Day 

Odds Ratio     1.060 0.711 

p Value     0.956 0.397 

Dusk 

Odds Ratio       0.670 

p Value       0.719 

Night 

Odds Ratio         

p Value         
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Table 111. Odds ratios and p values for the likelihood for an accident to have at least one 

physical environment classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   2.603 1.429 1.116 

p Value   0.179 0.698 0.884 

Day 

Odds Ratio     0.549 0.429 

p Value     0.310 0.002 

Dusk 

Odds Ratio       0.781 

p Value       0.699 

Night 

Odds Ratio         

p Value         

 

Table 112. Odds ratios and p values for the likelihood for an accident to have at least one 

adverse mental state classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.337 

p Value     #DIV/0! 0.007 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         
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Table 113. Odds ratios and p values for the likelihood for an accident to have at least one 

adverse physiological state classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 0.000 0.000 

p Value   #NUM! #NUM! #NUM! 

Day 

Odds Ratio     0.242 0.076 

p Value     0.190 0.000 

Dusk 

Odds Ratio       0.315 

p Value       0.287 

Night 

Odds Ratio         

p Value         

 

Table 114. Odds ratios and p values for the likelihood for an accident to have at least one 

physical / mental limitation classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.185 

p Value     #DIV/0! 0.000 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

  



462 

 

 

 

Table 115. Odds ratios and p values for the likelihood for an accident to have at least one 

crew resource management classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.492 

p Value     #DIV/0! 0.371 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

Table 116. Odds ratios and p values for the likelihood for an accident to have at least one 

personal readiness classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   18.719 #DIV/0! 4.063 

p Value   0.013 #DIV/0! 0.274 

Day 

Odds Ratio     #DIV/0! 0.217 

p Value     #DIV/0! 0.081 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         
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Table 117. Odds ratios and p values for the likelihood for an accident to have at least one 

inadequate supervision classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 1.556 

p Value     #DIV/0! 0.470 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

Table 118. Odds ratios and p values for the likelihood for an accident to have at least one 

planned inappropriate operations classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.220 

p Value     #DIV/0! 0.218 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         
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Table 119. Odds ratios and p values for the likelihood for an accident to have at least one 

supervisory violation classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! #DIV/0! 

p Value   #NUM! #DIV/0! #DIV/0! 

Day 

Odds Ratio     #DIV/0! #DIV/0! 

p Value     #DIV/0! #DIV/0! 

Dusk 

Odds Ratio       #DIV/0! 

p Value       #DIV/0! 

Night 

Odds Ratio         

p Value         

 

Table 120. Odds ratios and p values for the likelihood for an accident to have at least one 

resource management classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 1.340 

p Value     #DIV/0! 0.780 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         
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Table 121. Odds ratios and p values for the likelihood for an accident to have at least one 

organizational climate classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.108 

p Value     #DIV/0! 0.027 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

Table 122. Odds ratios and p values for the likelihood for an accident to have at least one 

organizational process classification based on the time of day of the flight. 

  Dawn Day Dusk Night 

Dawn 

Odds Ratio   0.000 #DIV/0! 0.000 

p Value   #NUM! #DIV/0! #NUM! 

Day 

Odds Ratio     #DIV/0! 0.295 

p Value     #DIV/0! 0.013 

Dusk 

Odds Ratio       0.000 

p Value       #NUM! 

Night 

Odds Ratio         

p Value         

 

 


