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Abstract  

In 2009, Colgan Air flight 3407 had a fatal crash in New York due to an aircraft aerodynamic 

stall. Previous reports had placed the actions of the crew as the cause of the incident; 

however, this work provides a sociotechnical systems analysis of the events that led up to the 

fatal accident. An Accimap analysis provides a top-down systemic analysis of flight 3407, 

considering the high-level governmental and regulatory agencies involvement. An online 

survey with forty-seven airline pilots provides a bottom-up review of pilots’ perceptions and 

decision making in response to aerodynamic stall events. Combining the two approaches 

generates a holistic approach to managing aerodynamic stall events. Analysis of flight 3407 

identified contributory factors within the higher regulatory and company levels. Furthermore, 

questions of appropriate training were raised by the pilots within the survey results regarding 

the immediate response to a stall event which commonly affords a startle and/or surprise 

response. The impact of ‘startle and surprise’ on the pilots’ response to this situation was 

identified as a key area to focus on, with design and training recommendations provided. We 

consider these within the context of recent training recommendations in the industry. 
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1. Introduction 
On 12th February 2009, Colgan Air Inc. operating as Continental Connections 3407 was a 

scheduled commercial flight on an instrument approach to Buffalo-Niagara International 

Airport (BUF) when it crashed into Clarence Center, New York, approximately 5 nautical 

miles northeast of the airport. The aircraft in operation was a Bombardier DHC-8-400 (from 

hereon Q400) and all 49 occupants on board were killed on impact, as well as a resident in 

the house that was hit on the ground. It was determined that the Captain’s inappropriate 

response to the stick shaker (which warns a pilot of an impending aerodynamic stall) led to 

the aircraft entering an aerodynamic stall from which it did not recover (National 

Transportation Safety Board (NTSB), 2010). The timeline (in Eastern Standard Time) of 

events leading up to, and including, the accident is presented in Table 1.  

 
Table 1: Timeline of events leading up to the Colgan Air 3407 Accident (NTSB, 2010) 
[Insert Table 1 here]  

 
1.1 Aircraft aerodynamic stall events 

An aerodynamic stall is characterised by the sudden loss of lift. As the aircraft’s angle of 

attack increases, the maximum lift coefficient is reached at the critical angle of attack. After 

this, the lift generated by the wing decreases as the separated region of aerofoil travels further 

to the leading edge (Anderson, 2011; Shevell & Schaufele, 1996). Such an event is extremely 

dangerous, and it can lead to loss of aircraft control if it is not correctly responded to. It is 

still recognised that fully developed aerodynamic stalls remain the leading cause of loss-of 

control accidents (CASA, 2020). Characteristics of an aerodynamic stall include extreme and 

random roll characteristics; and buffeting of the airframe (due to turbulent airflow; Shevell & 

Schaufele, 1996). In the Colgan Air Flight 3407, the Captain’s inappropriate response to the 

stick shaker was deemed, by the NTSB (2010) investigation, to be the leading cause of 

accident. 

Aviation is known for citing high rates of accidents caused by human error (Shappell & 

Weigmann, 2003), yet it is acknowledged from the sociotechnical systems perspective that 

placing the blame on the individual is not an accurate or effective view of accident causation 

(Dekker, 2009; Salmon et al., 2012; Hamim et al., 2020a; Read et al., 2021). It is widely 

accepted that the accidents which occur in complex and dynamic sociotechnical systems, 

such as aviation, are impacted by a range of interacting human and systemic factors (Salmon 

et al., 2011; Read et al., 2021). While these factors may not be as quick to diagnose or 



attribute blame as ‘human error’, the sociotechnical systems domain has developed multiple 

methods that aim to assess and understand the complexity involved in accidents with the 

intention of providing measures to prevent them from happening again (e.g., Rasmussen, 

1997; Wiegmann & Shappell, 2003; Leveson, 2004). The classification of the Colgan Air 

Flight 3407 as being primarily attributable to pilot error prevents more detailed exploration of 

the involvement of the wider circumstances which could have influenced the event.  

These circumstantial factors may be important to preventing similar incidents from occurring, 

therefore it is important to conduct a detailed systemic analysis. This work sought to 

understand other contributory factors surrounding the captain’s response in the incident, 

through the use of sociotechnical systems methods. 

 

There are a variety of frameworks and methods which consider the many levels of a 

sociotechnical system (Rasmussen, 1997; Wiegmann & Shappell, 2003; Leveson, 2004). 

Rasmussen’s Risk Management Framework (Rasmussen, 1997) describes the various levels 

within the system involved in safety and production management; and allows the 

acknowledgement that degradation of system defences and the migration of organisation 

behaviour can occur at all levels (Rasmussen, 1997). Rasmussen outlined the Accimap 

method (Rasmussen, 1997), which visually represents the actions and actors involved in the 

system and their interactions surrounding an accident event. The method typically consists of 

six organisational levels: government policy and budgeting; regulatory bodies and 

associations; local area government planning and budgeting; technical and operational 

management; physical processes and actor activities; and equipment and surroundings. First, 

actors involved in the accident are identified (developing the Actor Map), then, the actions at 

each level are identified and linked between and across the levels, producing the Accimap. 

The Accimap method is popular within accident analysis and has been used not only within 

aviation (Thoroman et al., 2020), but multiple domains (Cassano-Piche et al., 2009; Salmon 

et al., 2010; Salmon et al., 2014; Hamim et al., 2020b). Its comprehensive nature to review 

responsibility across the sociotechnical system, will allow further insight into the factors 

involved within accidents; especially where improvements and recommendations are 

warranted. 

1.2 Startle and Surprise 

After experiencing long durations of automated flight aided by the autopilot, the pilot can 

experience startle and surprise when sudden situations require a rapid switch to an active role 

(Landman et al., 2017a). The pilot’s response to an aerodynamic stall is one of the many 



examples where the effects of startle and surprise can play a role in the way the flight crew 

respond to an unfolding situation. Particularly given the levels of automation in modern 

aircraft which function without pilot inputs, for example, the low airspeed function on the 

auto throttle.  

Startle is characterised by a physiological response to a highly salient stimulus (Landman et 

al., 2017b), such as the onset of the stick shaker. The reaction is brief and often involves an 

acute increase in stress (Landman et al., 2017b). This increase in stress can cause muscle 

tension, which can lead to abrupt physical responses by the flight crew (e.g., handling of the 

control column/ side stick). Following a startle there is a period of disruption to coherent 

cognition as expectations of normality are breached and actions may occur without realising 

(Martin et al., 2016; BEA, 2012). In cases where there is a significant threat (e.g.. Colgan 

3407), the pilot will experience a fear-potentiated startle that will cause a full stress reaction 

with significant impairment in cognition (Martin et al., 2016).  

Surprise is an emotional and cognitive response to events (Landman et al., 2017a). Schema 

Theory (Bartlett, 1932) is a cognitive psychology theory that has been used to aid explanation 

of surprise events (Landman et al., 2019). A schema is an organised mental pattern of 

thoughts or behaviours to help classify world knowledge (Neisser, 1976). Such schema are 

triggered and shaped from situations within the environment (Neisser, 1976; Plant & Stanton, 

2012). If a mismatch occurs between what the individual perceives should be happening, 

based on their triggered schema, and what is happening, an element of surprise can be 

induced (Landman et al. 2017a). The cyclical nature between a person and the surrounding 

environment forms the basis of Neisser’s Perceptual Cycle Model (Neisser, 1976; PCM). The 

key components of the PCM are ’Schema’, ‘World’ and ‘Action’ (Neisser, 1976). Schema 

(mental templates) are initially triggered by information from the World through a bottom-up 

process. Utilising our individual schema, which are activated via expectations and past-

experiences relating to the surrounding world, a top-down process then occurs whereby 

actions are conducted to respond to the world (Parnell et al., 2021). This can then affect the 

world and trigger further schema, continuing the cyclical process.  

 

Current understanding of startle and surprise is largely focused on the individual’s response 

and their direct impact on the outcome of incidents. This leads to incident analysis and 

interventions that are largely user-centric. In commercial aviation incidents, this often means 

targeting the pilot with more training and procedures. Yet, startle and surprise related events 

are particularly difficult to train for as they require presenting the pilots with unexpected and 



random events (Landman et al., 2018). Instead, Upset Prevention and Recovery Training 

(UPRT) is used; a common training method which involves theoretical and practical training 

for prevention of, and recovery from, situations where the aircraft may unintentionally exceed 

the normal functioning capacity. Criticism comes from the assertion that the abnormal events 

that are included in this type of training are routinely tested and therefore, overtime, pilots 

build up expectations and prior knowledge (i.e., schema) of the events which limits the real-

world situations they are trying to represent (Casner et al., 2013). Predictable situations 

require very little sensemaking which is a key process in coping with surprise (Landman et 

al., 2018). 

Simulator studies have shown that when presented with an un-expected aerodynamic stall, 

pilots responses vary and errors can be made when executing the aerodynamic stall recovery 

template (Casner et al., 2013; Landman et al., 2017b; Schroeder et al., 2014). Outcomes from 

these studies indicate the importance of focusing on reframing and sensemaking capabilities 

in training, to increase the likelihood of a successful recovery. Landman et al. (2018) found 

that pilots who had received unpredictable and variable training used throttle 

e and airspeed more effectively in novel and unexpected situations, compared to pilots who 

had instead received training where each practice run was a repetition of a previous 

experience.  

Recent flight regulations from the Federal Aviation Administration (FAA) and European 

Union Aviation Safety Agency (EASA) have recommended the use of startle and surprise in 

UPRT with the goal of providing the crew with a surprise experience to reinforce timely 

application of the effective recovery technique under potentially confusing circumstances 

whilst ensuring no negative training. These were introduced in 2015 and became mandatory 

in 2019 (CASA, 2020; FAA, 2015; EASA, 2013; 2015). Aerodynamics stall events are, 

however, highly complex in nature due to the varying responses required, for example, 

depending on altitude, weather, and aircraft; this leads to difficulties in representative training 

in a flight simulator training device (FSTD). This work, therefore, aimed to identify the wider 

systems implications of an aerodynamic stall event (the Colgan Air 3407 incident), in order 

to review how the pilot may or may not have been prepared for such an event. In addition, we 

sought to understand what pilots’ views are on the training that they currently receive in 

relation to the events identified in the Colgan Air 3407 incident and gain an understanding of 

how the situation could have been better managed with the training of current pilots. We 

therefore take a mixed-methods approach, using the Accimap analysis method to review all 

actions and interactions by the sociotechnical actors involved in the outcome of the event, 



and an online survey to capture pilot feedback on their training and understanding of 

aerodynamic stall events. 

 

2. Method 
To investigate the Colgan Air Flight 3407 from a systems perspective, the Accimap method 

(Rasmussen, 1997) was used. Additionally, an online survey was conducted, utilising the 

Schema World Action Research Method (SWARM, Plant & Stanton, 2016) to capture current 

pilots thoughts and possible responses to a scenario such as that encountered on Colgan 

Flight 3407. The outputs of this survey could then be used to generate a Perceptual Cycle 

Model (PCM, Neisser, 1976) for an aerodynamic stall on approach. The use of both the 

Accimap analysis and online survey allows for comparisons to be made between the actions 

made by the crew of Colgan Air 3407 and the participants of the survey who have undergone 

more recent training procedures.  

 

2.1 Accimap 

2.1.1 Equipment  

The NTSB conducted an investigation into the Colgan Air accident, the report of which 

(NTSB, 2010) is freely available online and was used as the primary source for creating the 

Accimap. The Accimap was created using Microsoft Visio.  

 

2.1.2 Actor Map 

The Actor Map depicts the system’s relevant causal actors (i.e., individuals and 

organisations) within the accident and allows the actors who are involved in the incident to be 

determined. Therefore, the construction of the Accimap is a development of the produced 

Actor Map. Actors were identified from information in the NTSB report (NTSB, 2010). 

Revisions were made as to the actor’s relevance to the crash and the use of ‘umbrella’ terms 

comprising of more than one actor, for example, Colgan Air being made of multiple actors 

such as the Colgan Vice President.  

 

2.1.3 Development of the Accimap  

After further analysis of the NTSB (2010) report, the Accimap was developed through 

combining the actions of the actors into the previously created Actor Map. This process 

consisted of reviewing the NTSB report (NTSB, 2010) multiple times, and the actors and 



actions throughout highlighted. The events directly within the timeframe of the accident were 

focused on when developing the Accimap and the actions of the flight crew, which were 

represented within the end-user level. From here the actors and actions across the other levels 

of the accimap that related to the events within the accident itself, including pre- and post-

event details where relevant, were extracted and placed into the relevant levels of the Actor 

Map/Accimap. The Accimap developed in this report utilises the framework developed by 

Rasmussen (1997). The actions were placed into one of the six relevant system levels. Each 

action was linked to one or more other actions using arrows to display their relations within 

the happenings of the accident; hence capturing the causal flows of activities which are 

embedded within the accident. The Actor Map and Accimap were verified by two Human 

Factors researchers with a combined total of 12 years’ experience in the field. Any 

disagreements between the initial coding and dual verification were resolved with discussion. 

The final Actor Map and Accimap represent full agreement.  

 
2.2 Online Survey  

An online survey was developed to gain pilots expert knowledge in relation to aerodynamic 

stall training as part of UPRT as well as gathering experiences of the effects of startle and 

surprise training in the real world. 

 
2.2.1 Questions  

The survey was formed of 18 questions [Appendix A], comprising of both open text answer 

and closed choice questions. This was designed to elicit as much information in as few 

questions as possible and optimise the number of participants likely to respond to the survey. 

 

2.2.2 Schema World Action Research Method (SWARM) 

SWARM (Plant & Stanton, 2016) was used as a framework for the questions in the online 

survey; this was developed within the aviation domain, providing prompts designed to enable 

the participants to reflect on the three elements and critical decision making in the Perceptual 

Cycle Model (PCM); schema, action, world. The SWARM was developed and validated 

within the aviation domain (Plant & Stanton, 2016;2017). It has been applied to understand 

pilot decision making in response to critical events (Plant & Stanton, 2017; Parnell et al., 

2019), as well as being used to generate requirements for future practises and aircraft cockpit 

displays (Parnell et al, 2021). The PCM is the continuous cycle of contextual feedback which 



shapes actions through current understanding of events (Rankin et al., 2016). The schema 

prompts allow participants to reflect on the role of past experiences and expectations. The 

action prompts refer to information regarding the specific actions taken during the situation. 

Finally, the world prompts allow information about the external environment to be gathered 

(Plant & Stanton, 2016). The value in the SWARM is that is looks at the role of context and 

the wider environmental factors that can influence behaviour and performance, as well as past 

experience which is particularly relevant to the study of startle and surprise.   

There are 101 prompts available for use in the complete SWARM approach, yet Plant and 

Stanton (2016) suggest adapting these to use only those relevant to the research aims. The 

prompts were down-selected after analysis of the Colgan 3407 Report (NTSB, 2010) and the 

FAA stall recovery template (FAA, 2015). In total, seven prompts were applied in the survey 

questions (see Appendix A). These prompts were asked in response to the following scenario:  

“You are on a twin-engine aircraft during its final approach (~2000ft AGL), your 

engine power levers are set at just above idle. The aircraft’s stick shaker activates, 

and autopilot disconnect horn sounds. This is unexpected…” (Appendix A)  

The scenario was based upon the Colgan 3407 accident. Limited detail was given to allow for 

pilot interpretation. For example, in the case of Colgan 3407, they were flying in moderate 

icing conditions. If such information was included in the scenario, even though it didn’t cause 

the crash of Colgan 3407, it may have misled the participants as to the cause of the 

aerodynamic stall.  

 
4.3.4 Participants 

Sixty-eight participants (67 males, 1 female) with an Airline Transport Pilot Licence (ATPL) 

or Commercial Pilot Licence (CPL) for a dual engine aircraft completed the online survey. 

However, an exclusion criterion was created where only data from participants who had fully 

completed the survey was used. This led to a final participant number of forty-seven (46 

males, 1 female) The largest proportion of the participants held the job title of Captain 

(59.57%); this was followed by Senior First Officer (23.40%) and then First Officer (12.77%) 

and 4.26% responding with other. Given the time of the survey coincided with the COVID-19 

pandemic, participants were asked for information on their current airline or the airline they 

had worked for. For their current airline, participants worked for British Airways (n=15); TUI 

(n=1); Aer Lingus (n=1); Easy Jet (n=1); Austrian Airlines (n=1); Vueling (n=1); prefer not 

to disclose (n=4). The question was open ended to enable the participants to enter what they 

believed was most relevant; hence, some participants did not give a specific airline for 



example, low-cost carrier (n=3). For airline they had worked for this included Flybe (n=4); 

Eastern Airways (n=1); Thomas Cook (n=1); and Cathay Pacific (n=1). Further information 

on pilot age, flight hours, and length of licensure can be found in Table 2.  

 
Table 2:  Participant data for i) age (years), ii) hours logged for a commercial airline and iii) 
how long (years) they have held an ATPL/CPL.  
[Insert Table 2i, 2ii and 2iii here] 

 
The research was approved by the research institute’s Ethical and Research Governance 

Office (ERGO ID: 61929). Consent was obtained from the participants at the beginning of 

the survey.  

 
2.2.4 Data Analysis  

As mentioned above, 21 responses were excluded as they did not fully complete the survey. 

The pilots reports from section two of the survey were reviewed in detail to understand the 

key themes that the pilots discussed. The transcripts were then coded back to the Schema 

World Action taxonomy (SAW) to get an understanding of the different aspects of these 

components the participants mentioned in their responses. This was done as a thematic 

analysis. The participants feedback could then used to develop a PCM of their decision 

making. Descriptive analysis was completed on the responses to the single choice answer 

questions.  

3. Results  

3.1 Accimap  

A total of 33 actors across the 6 levels of the Accimap were identified to have been involved 

within the events leading to the Colgan 3407 accident. The Actor Map in Table 3 presents all 

the actors that were involved in the event, from the Airline Pilots Association at the top to the 

numerous equipment, artefacts and environmental factors that were directly involved in the 

incident at the bottom. The interactions between these actors within the Colgan Air 3407 

incident are presented in the Accimap in Figure 1.  
 

Table 3: Colgan Air 3407 Actor Map 
[Insert Table 3 here] 
 
Figure 1. Colgan Air 3407 Accimap (file attached for larger version of this.  
[Insert Figure 1 here] 



Note Abbreviations used for Figure 1: Airmen’s Meteorological Information (AirMet), Air 

Line Pilots Association (ALPA), First Officer (FO), Flight Operational Quality Assurance 

Program (FOQA), Fatigue Risk Management System (FRMS), Gulfstream International 

Airlines (GIA), Line Operations Safety Audit (LOSA). 

 

Various environmental factors were evident at the equipment and surroundings level, 

including the flight conditions, a lack of low-speed awareness cues on the Q400 as well as no 

auditory stall warning in addition to the stick shaker activation. The crash and the post-crash 

fire were not included in Figure 1 but would be present at this level, the crash itself is 

represented by the box labelled ‘Impact’. At the physical processes and actor activities level, 

the actions of the Colgan Air Flight 3407 flight crew in the period prior to the crash are 

captured. As noted in the NTSB report, there are multiple factors related to the inappropriate 

response of the Captain to the activation of the stick shaker, including the sudden and 

continued aft control column input which consequently meant the aircraft entered an 

aerodynamic stall. The actor activities level also highlights the crew’s complacency, 

including not completing the relevant checklists at the specific time during the flight. They 

also did not adhere to the sterile cockpit rule and there was a high likelihood that the crew 

were experiencing some level of fatigue. These are all events that are shown to have a direct 

impact on the incident, which may be why the NTSB report highlights the role of ‘human 

error’ in the cause of the crash. However, when the level above is reviewed within the 

Accimap, the technical and operational management level, the behaviour of the pilot can be 

related back to contributory factors within the training program and the training records that 

were kept. There were also oversights made by Colgan Air in checking pilots training 

deficiencies or keeping an update of their proficiencies. This is particularly relevant to the 

Captain of Colgan Air 3407 who did not disclose two disapproval certificates to Colgan Air 

that would have warranted further training.  Differences in stored data were also evident 

between the airline and the FAA. Destroying of training records is important as it prevented 

the ability to review training due to training records on the flight crew which would have 

shown the Captain’s track record. Across this level, shortcomings at the company level are 

shown to have contributing factors at the lower levels of the system that include a reduction 

in the crews performance and the progression to the crash scenario.   

Further responsibility for the event is shown at the local area government, planning, 

budgeting, and company management level. This shows fundamental issues in the flight 

crews training provided by Colgan Air. Including areas within the aerodynamic stall training, 



which was not within the training program, such as the use of reference speeds bugs and 

consistent stick pusher training. Many of the issues at this level can be related back to 

oversights within the Regulatory bodies, including the FAA and the guidance that they give 

in aviation training. 

Therefore, the Accimap shows how contributing factors within the higher levels of the system 

lead to the adverse actions of the flight crew (continuous aft movement of control and 

overriding of stick pusher) and therefore these higher level factors can be considered 

facilitators of the outcome. In other words, this event can be attributed to systemic factors, 

not human error.  
 

4.3 Online Survey  

In-depth, qualitative responses to the survey displayed similarities between airlines in the 

way aerodynamic stalls are trained, as would be expected in relation to the requirement for 

UPRT training since the Colgan Air accident. These include high altitude stalls, mid-altitude 

stalls, and stalls on approach in landing configuration. Results from the online survey found 

that 63.8% of participants have experienced feeling startled and/or surprised in their daily 

operations. Although a distinction between the two was not made and so we could not discern 

which may be more common. Primarily, participants noted feeling confused.  

“Confusion and anxiety, followed by comfort of established procedures kicking in 

mentally” (Participant 1)  

The majority stated that startle and/or surprise is included in their recurrent training in 

comparison to initial training (see Table 4). This is as expected due to its recent introduction 

(FAA, 2015; EASA, 2013). Many participants noted that the training was part of their Crew 

Resource Management training, briefing before simulator sessions and ground-based training 

days e.g.: “It is discussed a lot. Startle and techniques for recovering to normal cognitive 

thought are regularly discussed in the briefing room, in ground-based training days and in 

various multimedia training materials (iBooks etc). However, at the moment, startle training 

in the SIM is very difficult to simulate” (Participant 17). 

 

 

Consensus was reached on the emphasis of early recognition of an aerodynamic stall in 

training procedures. Of the forty-seven participants, some (n=8) noted the simulator envelope 

(limits to which a simulator is approved to operate and responses mimic that of real life) was 

not approved after approach to stall, hence training material for this is purely in written/video 



form. Despite not being asked about the effectiveness of the startle and surprise training, 

40.4% of participants noted the difficulty in creating startle and/or surprise in a training 

simulator environment.  

Table 4 provides the answers to the single choice questions. This shows how startle and 

surprise has only recently been introduced into training given the higher percentage for 

recurrent training. The high percentage of ‘yes’ responses to the first two questions within 

Table 4 shows that the participants would be highly influenced by the aerodynamic stall 

training they received regarding the scenarios noted above.  

 

Table 4: Responses to selection of questions from Section Two of online survey  
[Insert Table 4 here]  
 
Unfortunately, only one female participant completed the online survey. Due to the method 

of recruitment across social networks a target of equal gender representation could not be 

met. Therefore, the results of this survey should be interpreted as mainly male-centric. 

Gender imbalance is evident within commercial airline pilots (CAA, 2018; FAA, 2019) 

which is the likely reason for this bias in the data. More effort is needed within the aviation 

domain to encourage females into careers, as well as include their views and data within 

aviation research.  

 

3.3 Perceptual Cycle Model Analysis of a hypothetical stall on approach event 

With stringent training and Standard Operating Procedures regarding aerodynamic stalls, the 

responses from the hypothetical stall on approach had a lot of similarity between participants. 

The benefit of applying the SWARM protocol was to capture pilots input into the types of 

information they would be looking for in the environment, the actions they would want to 

take and also their internal thought processes. It was encouraging that there was a lot of 

overlap in these areas from the responses, as the training has installed coherence across pilots. 

The insights given help understand the utility of training and if any further support can be 

given to pilots. Applying the SWARM prompts to the survey responses allowed them to be 

coded into the elements which make up the PCM and give an insight into the pilots decision-

making process. Table 5 displays examples of such coding, where one prompt from each 

PCM element is used.  

Table 5: Examples of PCM Coded Data 
[Insert Table 5 here]  



The similarity in responses allowed for the data from participants to be placed onto an 

aggregated PCM diagram, shown in Figure 2 (Plant & Stanton, 2014). The provided scenario 

in which the stick shaker sounds, and the autopilot disconnect horn sounds aids for the initial 

‘World’ element of the cycle from which the cycle commences by triggering the relevant 

schema. Participants reported that, due to the unexpected nature of the scenario, they would 

question whether the warning is real or spurious. In the sense that the warning could have 

been caused by a malfunction (e.g., pitot tube blockage). However, this would then be 

validated through a quick scan of the Primary Flight Display (PFD) to assess what their 

instruments are telling them. All participants reported that they would perform the highly 

memorised stall recovery procedure. Immediately lowering the nose of the aircraft to un-stall 

the wing, roll wings level, increasing thrust to regain airspeed when stall warnings have 

ceased, proceed to go-around once recovered. The pilots would cycle through the stages of 

the PCM over an extremely short period for this scenario, emphasising the need to identify 

the stall immediately to be able to recover and avoid entering a full aerodynamic stall.  

[Insert Figure 2 here] 
Figure 2: PCM response for a hypothetical stall on approach [Note abbreviations used: Vertical 
Speed Indicator (VSI), Air Traffic Control (ATC), Indicated Airspeed (IAS)] 
 

4. Discussion  

This research has applied a sociotechnical systems approach to the Colgan Air 3407 incident 

to gain a greater understanding of the systemic factors that led to up to the fatal event. While 

previous NTSB reports highlight pilot error as the cause of the event, an Accimap analysis 

has shown the role and responsibility of other actors at the company, regulation and 

governance levels.  

Accusations of human error limit the exploration of these higher-level factors and can prevent 

lessons from being learnt (Read et al., 2021). The Accimap revealed multiple contributory 

factors within the training and administration at Colgan Air, which provides context for the 

crew’s actions. An online survey with forty-seven airline pilots provided greater insight into 

the training currently given to pilots, as well as their requirements in relation to an 

aerodynamic stall scenario. Thus, this research has provided both a top-down analysis of the 

contributory systemic issues within the Colgan Air 3407 incident, as well a bottom-up 

analysis to capture the pilots’ perspective on the nature of this event and how it could be 

effectively managed. This work, therefore, extends accimap analysis by assimilating it with 

insights from current pilots, to understand how the event may be managed following their 



recent training to determine if an event such as the Colgan Air would be prevented from 

happening again, or if further training needs are required.  

 

4.1 Combined approach  

The Accimap in Figure 1 shows the complex interaction of actions across the multiple levels 

of responsibility. Here, it is evident that factors within the definition of training requirements 

at high level regulation levels contribute to the actions of the pilot in the Colgan Air incident. 

Colgan Air did not include startle and /or surprise in any form of training at the time of the 

accident. This has been represented in the local area government planning and budgeting, 

company management level of the Accimap. The recent introduction of more regulated 

startle/surprise training by airlines such a KLM and the Netherlands Aerospace centre suggest 

that this type of training can be beneficial (EASA, 2015). Therefore, startle and/or surprise 

training could have given the Captain of the Colgan Air Flight 3047 the ability to recognise 

his cognitive state and deal with the serious situation effectively. Yet, the Accimap method is 

unable to fully explore cognitive failures or responses such as the startle and surprise 

responses in this aerodynamic stall incident. Salmon et al. (2012) note that it is the flawed 

decisions which are represented at the physical process and actor activities level but the 

failures in cognition which could cause these flawed decisions are not considered. That is 

why the possibility that it occurred within the Accimap is only revealed through the sudden 

and severe aft control column input upon the stall occurring. Conducting a survey with airline 

pilots is therefore useful to close this gap in understanding the responses that pilots would 

make within a situation similar to Colgan Air 3047.  In addition to detailing the ways that 

aerodynamic stalls, startle and surprise are currently trained.  

 

Results from the online survey showed that airline pilots train for aerodynamic stalls in a 

repetitive manner and 80.9% agreed that their airline repeats the scenarios used for such 

training. The events posed to the flight crew of Colgan 3407 differed to their training. 

Aerodynamic stall training provided by Colgan Air lacked the use of autopilot, reference 

speeds switch, and the stick pushers use and purpose (NTSB,2010). Hence, the training that 

the pilots experienced would not have provided an accurate schema from which to manage 

the real-world event that they experienced. Further, the Captain continuously overrides the 

Stick Pusher with aft input on the control column (see Accimap physical processes and Actor 

activities level). Plant and Stanton (2012) applied the PCM to British Midland Flight 92 (G-

OBME) and found similar conclusions that the event was outside the pilots’ expectation and 



training. The repetitive nature of training protocols has been previously criticised for being 

predictable and thus requiring little sensemaking (Landman et al., 2018). Something that 

UPRT has tried to overcome and new training procedures that aim to tackle startle/surprise 

have started to look at the different ways in which training can combine to improve pilots’ 

responses (EASA, 2015; CASA, 2020). These new training provisions combine classroom 

training with simulator and simulator training. This aims to enhance the pilots awareness of 

their responses to critical and sudden events and manage them more effectively by asking 

pilots to explicitly carry out counter measure techniques (EASA, 2015).Yet, it is still very 

difficult for simulated training to replicate the startle and surprise responses to the same 

degree as in the real world; and airlines are still struggling with FSTD constraints (EASA, 

2015; CASA, 2020) . The participants within the survey were aware of these complexities.  

“It’s very difficult to generate a scenario in the sim where the crew are surprised by a 

sudden UPRT scenario. We are attempting to train them, not catch them out. 

Obviously if they self-generate a UPRT scenario then I would let it play out but short 

of rapid windshear encounters it is difficult to mirror startle and surprise in a 

simulator.” (Participant 14 – Training Captain) 

 
4.3 Implications 

Replication of surprise has been achieved within highly controlled scenarios in the simulator 

(Landman et al., 2017b; Schroeder et al., 2014) but the tight controls are still likely to limit 

the application of the scenario to real world events (Casner et al., 2013; EASA, 2015). Thus, 

training is only likely to be able to provide limited support to the pilot within such 

challenging events. Other ways to support the pilot through the management of these known 

responses at critical points are therefore needed, such as displays and technological 

interventions that provide support and inform the pilot effectively to update their schema to 

the match the scenario actually being experienced.  

 

CASA (2020) note that recognition and deliberate actions to reduce the aircrafts angle of 

attack is of significant importance. Similarly, participants’ responses from the online survey 

identify that detection and recognition of an aerodynamic stall through the early signs and 

symptoms is of great importance. Such as through active monitoring of PFD, which was not 

displayed by the crew of Colgan Air 3407 (see Figure 1). The crew’s lack of active 

monitoring and response to low airspeed cues (physical processes and actor activities level of 



Accimap), highlights this issue. For example, the First Officer did not input key icing 

terminology Into the Aircraft Communications Addressing and Reporting system (ACARS) 

which lead to the incorrect airspeed being returned. The Captain should have questioned the 

value, which he did not. Yet, although clear monitoring issues occurred; there was no error 

detection system to indicate to the crew the returned speeds did not match with the reference 

speeds switch position. Further, poor active monitoring allowed the aircrafts speed to 

continually loose speed whilst altitude hold mode was engaged (aircraft adds nose up trim to 

maintain altitude). It raises the question of whether additional low speed-cues (which the 

Q400 lacked), such as a more prominent airspeed trend vector, would have enabled earlier 

detection of their decreasing airspeed, rather than relying on the stick shaker as the initial 

world trigger. 

In addition to training surrounding startle/surprise related events, active monitoring training 

in association with the Evidence Based Training (EBT) could help pilots know where to look 

within scenarios such as stall events. Parnell et al. (2019) showed that retrieval error was the 

most common type of error to occur, where an individual receives incorrect information 

through erroneous information or misinterpretation. Survey responses noted the possibility of 

the stall warning (stick-shaker and/or aural warning) being spurious and relating to an error. 

This reinforces the need for rigorous active monitoring to ensure that, if it is spurious, it can 

be identified quickly and dealt with appropriately. When viewing the Colgan Air 3407 

Accimap, it can be viewed that, if the flight crew had responded to the cues through active 

monitoring; then many of the causal flows which are linked to the activation of the stick 

shaker (Equipment and Surroundings level) would not have occurred. These can be viewed 

within the actions linked to ‘Crew did not respond to cues’ in the Physical processes and 

actor activities level. EASA (2015) notes that active monitoring is still not well developed in 

most airlines and would enhance flight crews startle and surprise prevention skills. Likewise, 

in the Regulatory Bodies and Associations level, it can be seen that there was poor 

implementation of training for active monitoring.  

This work therefore suggests that the following should be asked in relation to the crew of 

Colgan 3407 and whether the aerodynamic stall could have been avoided entirely if:  

- The crew had known about their aircrafts decreasing speed earlier; 

- The crew had received further monitoring training to aid them in change/error 

detection; and 

- The Captain had received EBT where his lack of basic flying skills was identified and 

specifically dealt with. 



Importantly none of these statements relate to human error but a breakdown across the levels 

of the system identified in the Accimap. These levels are now considered in relation to 

recommendations.  

 

4.3 Training Developments and Recommendations 

Consolidation of information from the Colgan 3407 Accimap and the aggregated PCM has 

generated systemic recommendations. These are presented in Table 6, including a 

justification and the actor(s) responsible. Many involve approaches that require interaction 

between multiple levels of the system to enact change and prevent events such as Colgan Air 

3407 from happening again. Importantly, links are also made between levels of the 

sociotechnical system and how they relate to the pilot’s perceptual cycle. This shows the 

interaction between the Accimap levels and the cognitive processing of the individual, which 

has long been a missing element of the Accimap. 

Using the SWARM taxonomy, elements of the Schema, Action, and World shown to be 

directly impacted by the recommendations have been highlighted. This shows that greater 

training in the effects of startle and surprise, as well as aerodynamic stall events, needs to be 

considered for implementation by the very top management and governance levels, as it will 

consequently impact on the schema of trained past experience in the pilot. This training 

should enable them to recognise the early signs of an event such as a stall and manage their 

expectations accordingly. EASA (2015) noted that increasing the frequency of startle and 

surprise training was beneficial for pilots, including more discussion on these events during 

simulator briefings and an increase in percentage of startle and surprise being included in 

UPRT recurrent training. Yet, the frequency of physically practicing techniques to overcome 

the effects of startle/surprise in the simulator was not be seen. Further, the use of unexpected 

scenarios during training could not be determined, despite the EASA (2015) 

recommendations. Advanced active monitoring training will also need to be enacted by the 

higher levels and enforced by regulatory bodies as well as within individual airlines. The 

impacts of this will shape the pilots’ schema and enhance their interactions with the 

information they have available to them in the ‘world’ on the aircraft cockpit displays which 

will, in turn, enable enhanced system monitoring actions. Improvements to the displays 

within the cockpit itself suggest that bottom approaches, focused on the lower equipment and 

environment levels, can also be effective in enhancing the world information available to the 

pilot to allow them to make more informed decisions.   

 



Table 6: Training recommendations for Aerodynamic Stalls and Startle and Surprise 
[Insert Table 6 here]  

5. Limitation and Future Research  

A limitation of this work is that the Accimap was only validated with Human Factors 

researchers using the incident report. Validation with an airline pilot would be beneficial to 

review in the future to understand how current training practises, or those from other airlines 

may currently differ and the impact that this may have had on the events of Colgan Air 3407. 

The use of an online survey within this work was able to gain some information on the type 

of training that pilots undergo. It is clear that active monitoring plays a large role in the 

startle/surprise response but this study did not capture detail on the active monitoring 

behaviour or training that pilots receive on this. Future work should look at this in more 

detail. These should take the form of qualitative interviews to enable more detailed data 

collection from the pilots’ perspective. This work could be used to inform and develop a 

training framework of sorts which could be used to aid airlines in active monitoring training 

and how this relates to startle and surprise responses. Future work should also seek to conduct 

an updated review of the startle and surprise training programs since the updates suggest in 

2015 by the EASA. Again, qualitative data on the experience of this training and providing 

observations would be a useful method of data collection here to understand the effectiveness 

of this training.  

 
6. Conclusion 

This work has displayed the importance of applying system-based accident analysis methods 

to accidents. The application of the Accimap to Colgan 3407 showed that there were many 

contributory factors, across different levels of the sociotechnical system, that impacted on the 

aircraft crash. Despite the NTSB identifying the primary cause of the crash being the 

Captain’s inappropriate response to the activation of the stick shaker, there were many wider 

system implications that facilitated this behaviour and which therefore hold responsibility. 

Responses from 47 pilots in an online survey showed the repetitive nature of aerodynamic 

stall training and the recent implementation of startle and surprise into pilot training. The 

aggregated PCM showed a clear standard operating procedure response to an aerodynamic 

stall on approach and clear differences in the way the Colgan 3407 crew responded. This 

supports the argument for the inclusion of startle and surprise training and highlights the need 

for further variations in aerodynamic stall training to enhance pilot’s schema for these types 

of events. Reviewing the Accimap analysis and aggregated PCM together has allowed for the 



generation of possible training developments and recommendations which propose ways in to 

prevent events such as those that occurred in the fatal Colgan 3407 accident from happening 

again. These measures target more systemic challenges than those identified in the NTSB 

(2010) report.  

 

Disclosure Statement 

The authors report there are no competing interests to declare. 

 

References 

Anderson, J. D. (2011). Fundamentals of Aerodynamics (5th Ed). McGraw-Hill. New York, 
USA.  

Bartlett, F.C. (1932) Remembering: A Study of Experimental and Social Psychology. 
Cambridge University Press, Cambridge 

Bureau d’Enquêtes et d’Analyses pour la Sécurité de l’Aviation Civile. (2012). Serious 
Incident on 22nd July 2011 in cruise at FL350, north Atlantic Ocean to the Airbus 
A340-313, registered F-GLZU, operated by Air France.  

Civil Aviation Authority (2018). UK CAA Flight Crew License Age Profile 
https://www.caa.co.uk/uploadedFiles/CAA/Content/Standard_Content/Data_and_anal
ysis/Datasets/Licence_holders_by_age_and_sex_by_year/Pilot%20licence%20holders
%20by%20age%20and%20sex%202018.pdf Accessed 10/08/2021  

CASA. (2020). Advisory Circular AC 121-03V1.0 Upset prevention and recovery training  
Retrieved from: https://www.casa.gov.au/sites/default/files/2021-08/advisory circular 

121 03-upset-prevention-recovery-training.pdf. Accessed 11/04/2023 
Casner, S. M., Geven, R. W., & Williams, K. T. (2013). The Effectiveness of Airline Pilot 

Training for Abnormal Events. Journal of Human Factors and Ergonomics Society. 
55(3). 477-485.  

Cassano-Piche, A. L., Vicente, K. J., & Jamieson, G. A. (2009). A test of Rasmusse’'s risk 
management framework in the food safety domain: BSE in the UK. Theoretical Issues 
in Ergonomics Science, 10(4), 283-304. 

Dekker, S. (2009). Illusions of explanation: A critical essay on error classification. 
International Journal of Aviation Psychology, 13(2). 95-106  

EASA. (2013). EASA Safety Information Bulletin – Stall and Stick Pusher Training. 
Retrieved from https://ad.easa.europa.eu/ad/2013-02 . Accessed 11/11/2020 

EASA. (2015). Startle Effect Management.  
Retrieved from: https://www.easa.europa.eu/en/document-library/research-
reports/easarepresea20153 . Accessed: 07/04/2023 

FAA. (2015). AC 120-109A- Stall Prevention and Recovery Training. Retrieved from 
https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC_120-109A.pdf . 
Accessed 28/06/2020  



FAA (2019) U.S. Civil airmen Statistics 
https://www.faa.gov/data_research/aviation_data_statistics/civil_airmen_statistics/  
Accessed 10/08/2021 

Hamim, O. F., Hoque, M. S., McIlroy, R. C., Plant, K. L., & Stanton, N. A. (2020a). 
Representing two road traffic collisions in one Accimap: highlighting the importance 
of emergency response and enforcement in a low-income 
country. Ergonomics, 63(12), 1512-1524.  

Hamim, O. F., Hoque, M. S., McIlroy, R. C., Plant, K. L., & Stanton, N. A. (2020b). A 
sociotechnical approach to accident analysis in a low-income setting: Using Accimaps 
to guide road safety recommendations in Bangladesh. Safety science, 124, 104589. 

Landman, A., Groen, E., Van Paassen, M. M., Bronkhorst, A. W., & Mulder, M. (2017a). 
Dealing with Unexpected Events on the Flight Deck: A Conceptual Model of Startle 
and Surprise. The Journal of the Human Factors and Ergonomics Society, 59(1).   

Landman, A., Groen, E. L., Van Paassen, M. M., Bronkhorst, A. W., & Mulder, M. (2017b). 
The influence of surprise on upset recovery performance in airline pilots. The 
International Journal of Aerospace Psychology, 27(1-2), 2–14.  

Landman, A., Van Oorschot, P., Van Paassen, M. M., & Groen, E. L. (2018) Training Pilots 
for Unexpected Events: A Simulator Study on the Advantage of Unpredictable and 
Variable Scenarios. The Journal of the Human Factors and Ergonomics Society. 
60(191).  

Landman, A., van Middelaar, S. H., Groen, E. L., Van Paassen, M. M., Bronkhorst, A. W., & 
Mulder, M. (2019). Testing the applicability of a checklist-based startle management 
method in the simulator. In 20th International Symposium on Aviation Psychology (p. 
325). 

Landman, A., Mol, D., & Emmerik, M. L. (2022). Negative Transfer of Training: Simulator 
Study Into Effects of Going Beyond Alarms During Stall Recovery Training (No. 
DOT/FAA/TC-22/10). United States. Department of Transportation. Federal Aviation 
Administration. 

Leveson, N. (2004). A new accident model for engineering safer systems. Safety Science. 
42(4), 237-270  

Martin, W. L., Murray, P. S., Bates, P. R., & S.Y.Lee, P. (2016). Fear-Potentiated Startle: A 
Review from an Aviation Perspective. The International Journal of Aviation 
Psychology, 25, 97-107  

National Transportation Safety Board. (2010). Loss of Control on Approach Colgan Air, Inc. 
Retrieved from 
https://www.ntsb.gov/investigations/AccidentReports/Reports/AAR1001.pdf . 
Accessed 17/10/2020  

Neisser, U. (1976). Cognition and Reality. W.H.Freeman and Company, San Francisco. 
Parnell, K. J., Stanton, N. A., Plant, K. L. (2017). What’s the law got to do with it? 

Legislation regarding in-vehicle technology use and its impact on driver distraction. 
Accident Analysis and Prevention. 100, 1-14 



Parnell, K. J., Banks, V. A., Plant, K. L., Griffin, T. G.C., Beecroft, P., Stanton, N. A. (2019) 
Predicting Design-Induced Error on the Flight Deck: An Aircraft Engine Oil Leak 
Scenario. The Journal of the Human Factors and Ergonomics Society. Online first. 

Parnell, K. J., Wynne, R. A., Griffin, T. G., Plant, K. L., & Stanton, N. A. (2021). Generating 
Design Requirements for Flight Deck Applications: Applying the Perceptual Cycle 
Model to Engine Failures on Take-off. International Journal of Human–Computer 
Interaction, 37(7), 611-629. 

Plant, K. L., Stanton, N. A. (2012). Why did the pilots shut down the wrong engine? 
Explaining errors in context using Schema Theory and the Perceptual Cycle Model. 
Safety Science, 50(2), 300-315 

Plant, K. L., & Stanton, N. A. (2014). The process of processing: Exploring the validity of 
Neisse’'s perceptual cycle with accounts from critical decision-making in the cockpit. 
Ergonomics, 58, 909–923. 

Plant, K. L., Stanton, N. A. (2016). The development of the Schema World Action Research 
Method (SWARM) for the elicitation of perceptual cycle data. Theoretical Issues in 
Ergonomics Science, 17(4), 376-401. 

Plant, K. L., & Stanton, N. A. (2017). The development of the Schema-Action-World (SAW) 
taxonomy for understanding decision making in aeronautical critical incidents. Safety 
Science, 99, 23-35.  

Rankin, A., Woltjer, R., & Field, J. (2016). Sensemaking following surprise in the cockpit -a 
re-framing problem. Cognition, Technology & Work. 18: 623-642  

Rasmussen, J (1997). Risk Management in a dynamic society: A modelling problem. Safety 
Science, 27, 183-213 .  

Read, G. J., Shorrock, S., Walker, G. H., & Salmon, P. M. (2021). State of science: evolving 
perspectives on ‘human error’. Ergonomics, 64(9), 1091-1114. 

Salmon, P., Williamson, A., Lenne, M., Mitsopoulos-Rubens, E., & Rudin-Brown, C. M. 
(2010). Systems-based accident analysis in the led outdoor activity domain: 
application and evaluation of a risk management framework. Ergonomics, 53(8), 927-
939. 

Salmon, P. M., Stanton, N. A., Lenné, M., Jenkins, D. P., Rafferty, L., & Walker, G. H. 
(2011). Human Factors Methods and Accident Analysis: Practical Guidance and 
Case Study Applications. Taylor & Francis Group, Ashgate.  

Salmon, P. M., Cornelissen, M., & Trotter, M. J. (2012). Systems-based accident analysis 
methods: A comparison of Accimap, HFACS and STAMP. Safety Science, 50, 1158-
1170.  

Salmon, P. M., Goode, N., Archer, F., Spencer, C., McArdle, D., & McClure, R. J. (2014). A 
systems approach to examining disaster response: using Accimap to describe the 
factors influencing bushfire response. Safety science, 70, 114-122. 

Schroeder, J. A., Bürki-Cohen, J., Shikany, D. A., Gingras, D. R., & Desrochers, P. (2014). 
An evaluation of several stall models for commercial transport training. AIAA 



Modelling and Simulation Technologies Conference. Paper No. AIAA 2014-1002. 
Reston, VA: AIAA  

Shappell, S. A., & Wiegmann, D. A. (2003). A human error approach to aviation accident 
analysis: The human factors analysis and classification system. Routledge. New 
York, USA.  

Shevell, R. S., & Schaufele, R. D. (1966). Aerodynamic design features of the DC-9. Journal 
of Aircraft, 3(6), 515-523. 

Thoroman, B., Salmon, P., & Goode, N. (2020). Applying AcciMap to test the common 
cause hypothesis using aviation near misses. Applied Ergonomics, 87, 103110. 

Wiegmann, D. A., & Shappell, S. A. (2003). A Human Error Analysis of Commercial 
Aviation Accidents Using the Human Factors Analysis and Classification System 
(HFACS). FAA. Washington DC, USA.   

  



Table 1: Timeline of events leading up to the Colgan Air 3407 Accident (NTSB, 2010) 
Time  Event Aircraft Speed (knots) 

22:14 
Approach controller cleared flight to turn left onto 
heading of 310°. Auto-pilots altitude hold mode 
becomes active at pre-selected altitude of 2,300ft. 

180 

22:15  

Captain calls for flaps to be moved to 5°. Approach 
controller clears flight to turn left heading 260° and 
maintain 2,300ft until established on localiser for 
Instrument Landing System (ILS) approach to 
Runway 23. 

 

22:16:00 

Captain begins to slow the airplane to establish 
appropriate airspeed. Flight Data Recorder (FDR): 
aircrafts power levers reduced to about 42. Approach 
controller instructs crew to contact BUF air traffic 
control tower.  

 

22:16:21 

First Officer tells Captain that the gear was down. 
FDR: additional pitch trim in airplane nose up 
direction has been applied by autopilot. Captain calls 
for flaps 15° and before landing checklist.  

145 (decreasing to 135) 

22:16:27.4 Stick Shaker activates. Auto-pilot disconnect horn 
sounds. 131 

22:16:28 Engine power levers advanced to 70  
22:16:34 Stick pusher activates for first time.   
22:16:37 First Officer states she has put the flaps up   

22:16:38 Flaps begin to retract. Roll angle reaches 105° right 
wing down.  100 

22:16:40 Stick pusher activates for second time  

22:16:42 

First Officer asks whether she should put the landing 
gear up. Captain states ‘gear up’. Aircraft has reached 
25° nose down and 100° right wing down and enters 
steep descent 

 

22:16:50 Stick pusher activates for third time   
22:16: 54  Aircraft impacts ground  

 

  



Table 2:  Participant data for i) age (years), ii) hours logged for a commercial airline and iii) 
how long (years) they have held an ATPL/CPL.  
i) 

Age Frequency 
20-30 4 
31-40 17 
41-50 13 
51-60 7 
60+ 6 

ii)  

Hours Frequency 
0-3000 9 

3001-6000 12 
6001-10,000 8 

10,001-15,000 9 
15,000+ 9 

ii)  

Licence Frequency 
0-5 8 
6-10 11 
11-20 11 
21-30 10 
30+ 7 

 
  



Table 3: Colgan Air 3407 Actor Map 
Level Actor 

Government Policy and 
Budgeting 

× Airline Pilots Association (ALPA) 

Regulators and 
Associations 

× FAA 
× NTSB  

Industry and Local 
Government 

× National Fuel Gas Distribution Corporation 

Resource Providers × Colgan Air  
× Gulfstream Training Academy Florida 
× Bombardier 
× Clarence Centre Fire 
× FAA Principle Operations Inspector  
× FAA Program Manager 

End Users × Captain  
× First Officer 
× Cabin Crew 
× Passengers  
× Air Traffic Controller 

Equipment and 
Environment 

× Colgan Electronic training record system and paper-
training records  

× Captain’s Gulfstream International Airlines (GIA) training 
records 

× FAA Certificate records 
× Accident Airplane  
× Reference Speeds Switch 
× Indicated Airspeed (IAS) Display on Q400  
× Auto pilot altitude hold mode 
× Stick shaker and pusher 
× Crew Rest room at Newark Liberty International Airport 
× Approach and Descent Checklist  
× ACARS and AeroData 
× Pre-flight weather documents (AIRMETs)  
× 2145 METAR – winds 240 at 15, gust 22. Moderate rime 

below 8000ft.  
× ‘Sterile Cockpit’ – contextual environment  
× Colgan’s CRM training slides (active monitoring, sterile 

cockpit procedures, fatigue management)  
× Colgan’s flight operation policies and procedures manual 
× First Officer’s portable electronic device 
× Post-Crash fire 

 
  



Table 4: Responses to selection of questions from Section Two of online survey  
Question Yes No 

‘Does you airline repeat the 
training scenarios used for 

aerodynamic stall training?’ 
 

80.9% 17.1% 

‘Would your training for 
aerodynamic stalls influence the 
expectations you would have if 

such event were to occur in 
flight?’ 

 

95.7% 4.3% 

‘Have you experience feeling 
startled/surprised by an un-

folding situation in your daily 
operations?’ 

 

63.8% 36.2% 

‘Has the effect of startle and/or 
surprise in relation to UPR been 
included in your initial training? 

48.9% 51.1% 

‘Has the effect of startle and/or 
surprise in relation to UPR been 

included in your recurrent 
training?’ 

70.2% 29.8% 

 
  



Table 5: Examples of PCM Coded Data 
PCM 

Element 
SWARM 
taxonomy SWARM Prompt Example Responses 

Schema Trained Past 
Experience 

‘Would your training for 
aerodynamic stalls influence 
the expectations you would 
have if such event were to 

occur in flight?’ 

 
“Clear SOP to deal with any upset situation 
– committed to memory” (Participant 28) 

 
“In a negative way to an extent, given the 

complete lack of representation of 
physiological cues like buffet and g forces” 

(Participant 10) 

Action Situation 
Assessment 

‘How would you assess the 
situation?’ 

 
“Stick Shaker require little assessment as 
there is a rule-based decision available. 

Clearly stall recovery actions are required” 
(Participant 19) 

 
“Have a look at my PFD, is the 

airspeed/attitude/power setting correct? Is 
this an aerodynamic stall, are we in icing 

conditions or is this an AOA probe/avionic 
issue causing a false warning?” 

(Participant 32) 

World 

External cues / 
technological 
and natural 

environment 

‘What physical cues would 
be available to you 

(vibration etc)?’ 

 
“Very little on the Airbus. Unlikely to feel 
vibration, there is also no feedback on the 

flying controls. Cues would mostly be visual 
and aural” (Participant 4) 

 
“Stick Shaker, auto call outs from the 

EICAS (airspeed low) etc and traditional 
poor control response and buffet through 

the airframe” (Participant 37) 
 
 



Table 6: Training recommendations for Aerodynamic Stalls and Startle and Surprise 

Recommendation Justification 
Actor Responsible and 

Organisational level within the 
Accimap 

Relation to PCM (see Plant & 
Stanton, 2016 for full list of PCM 

categories) 

Ensure all Startle and Surprise effects are 
included in detail within training (CRM 
and/or briefings).  
 
Clear methods to be used to overcome these 
effects for any event which are practiced in 
simulator at an increased frequency.  
 

 
Allows pilots to understand the possible effects of Startle/Surprise: negative reframing; potential for severe cognitive 

disruption; aid pilots in the understanding of decision-making processes; its effects in past accidents. It can be inferred 
that the startle and surprise response played a negative role in the Captain of Colgan Air 3407 response to the 

aerodynamic stall. 
 

Nearly 2/3 of online survey participants noted feeling startled or surprised in their daily operations. 
 

Training should focus on the skills and sensemaking capabilities to overcome psychophysiological events in contrast 
to specific upset events (EASA, 2020; Casner et al., 2013; Landman et al., 2017b; Schroeder et al., 2014). Further, 

participants noted that as current startle and surprise is included as part of a 3 year cyclical training process versus as 
part of every recurrent training. EASA (2015) displayed that such training is most effective when by all crews and 

become part of a standard response and hence increasing training frequency to bring further structure.  
 

29.8% of survey participants stated that Startle and/or Surprise has not been included in UPR in recurrent training and 
51.1% in initial training. The introduction methods to overcome these effects should be introduced from ab-initio and 

higher frequency of training maintained throughout career. 
 

 

Local area government planning and 
budgeting, company management.: 

Training establishments; Airline 

Develop necessary Schema: Trained Past 
Experience 

 
Include unexpected aerodynamic stalls in 
UPRT and further variation in aerodynamic 
stall training scenarios. 
 
Possible inclusion of training aircraft 
involvement.  
 
 

 
Casner et al (2013), Landman et al (2017b), and Schroeder et al (2014) have all identified errors when pilots perform 

stall recovery procedures when surprised. Landman et al (2018) found pilots who were provided with variable training 
used throttle and airspeed more effectively in novel situations. 

 
Vast majority of training has involved standardised and predictable responses to non-normal events (CASA, 2020), 

with 80.9% of participants noting that their airline repeated scenarios used in aerodynamic stall training.  
There is difficulty in knowing how the pilot would respond to an unknown unexpected situation. The training received 

by the crew of Colgan Air 3407 lacked variation and inclusion of aircraft specific features. The inclusion of 
unexpected scenarios may lend to positively influencing the appraisal of such event.  

 
Despite some airlines using techniques such as placing the aircraft in a upset state and told to recover, the pilot has the 
knowledge that the aircraft will be in an upset state. Survey participants noted the importance of identifying the early 
signs of aerodynamic stalls, hence practicing cue recognition is key to have greater understanding of this (Landman et 

al., 2023).  
 

CASA (2020) provided guidelines that training must include “hands-on” exposure to stalls that are fully developed; yet 
airlines are still battling with FSTD limitations (CASA, 2020; EASA,2015). For many airline pilots, the last time they 

experienced a real aerodynamic stall would be in initial training in a certified single-engine aircraft. The possible 
inclusion of this during airline recurrent training (UPRT) may aid in the development of the pilots schema and update 

their trained past experience.  
 

Local area government planning and 
budgeting, company management: 

Airline and Regulatory Body 

Develop necessary Schema: Trained Past 
Experience. Ensuring there is as little 

Insufficient Schema as possible through such 
training. 

 
Advancements to active monitoring training 
focusing specifically on the human factors 
elements (e.g. startle, surprise, situational 
awareness, fatigue) including simulator 
practice/demonstrations.  
 

 
Active monitoring promotes earlier detection of errors; therefore, further training can only be beneficial. The crew of 

Colgan Air 3407 displayed poor active monitoring skills, missing key ques from their aircraft. 
 

Pro-active monitoring should be highly emphasised (e.g., busier flight stages such as approach).  
 

EASA (2015) notes that active monitoring is still not well developed in most airlines and will enhance flight crews 
startle and surprise prevention skills.  

 

Regulatory Bodies and Associations; 
Local area government planning and 
budgeting, company management: 

Airline and Regulatory Body 

Trained Past Experience (Schema) 
promoting System Monitoring (Action), 

allowing earlier detection of errors through 
Display Indications (World). 

 
PFD to include further low speed cues e.g. 
more prominent airspeed trend vector 
 

Allowing earlier detection of changes in aircraft speed. 
 

Airspeed trend vector gives the aircrafts predicted speed in 10 seconds if the current acceleration rate is maintained. A 
more prominent vector which does not obscure the airspeed value and is more visible would mean it is easier for pilots 

to identify changes and trends in their airspeed.  

 
Equipment and Surroundings: Aircraft 

Itself and Aircraft Manufacturer 

 
Display Indications (World) allowing earlier 

System Interaction (Action). 
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Did not introduce element of surprise to 
manoeuvre training 

Did not introduce element of surprise to 
manoeuvre training 

FAA: Poor 
implementation of 
training for active 
monitoring (A-07-

13)

FAA: Poor 
implementation of 
training for active 
monitoring (A-07-

13)

FRMS: no FAA guidance 
or rulemaking

FRMS: no FAA guidance 
or rulemaking

FAA Oversight: Did not 
implement retargeting 

surveillance

FAA Oversight: Did not 
implement retargeting 

surveillance

FAA: Lack of action to 
improve simulator 

fidelity 

FAA: Lack of action to 
improve simulator 

fidelity 

Inadequate standard 
operating procedure for 

approach 

Inadequate standard 
operating procedure for 

approach 

Current air carrier did not 
approach to prepare flight crew 

for unexpected stall 

Current air carrier did not 
approach to prepare flight crew 

for unexpected stall 

Opportunities for upgrade to 
captain without accumulating 

experience 

Opportunities for upgrade to 
captain without accumulating 

experience 

Inadequate approach air-
speed bugs procedures 

Inadequate approach air-
speed bugs procedures 

Colgan CRM training does 
not explicitly mention 

active monitoring 

Colgan CRM training does 
not explicitly mention 

active monitoring 

Lacking formal remedial 
training program

Lacking formal remedial 
training program

Reference speed switch set 
to increase not used in 

training 

Reference speed switch set 
to increase not used in 

training 

No change in size to 
Colgan Air Management 

team

No change in size to 
Colgan Air Management 

team

Training slides do not address Sterile 
cockpit 

Training slides do not address Sterile 
cockpit 

Minimal mention of fatigue in CRM 
training 

Minimal mention of fatigue in CRM 
training 

Colgan – Non-punitive fatigue 
policy 

Colgan – Non-punitive fatigue 
policy 

Breakdown in sterile 
cockpit discipline 

Breakdown in sterile 
cockpit discipline 

Inadequate electronic training 
record system 

Inadequate electronic training 
record system 

Colgan: Pilot grading from 
training not stored

Colgan: Pilot grading from 
training not stored

Captain upgrade course 
focuses on administration 
Captain upgrade course 

focuses on administration 

Discrepancies in dates between 
FAA and Colgan training records 
Discrepancies in dates between 
FAA and Colgan training records 

Inability to be able to review 
training

Inability to be able to review 
training

Training program affected Training program affected 

Weather document issued 
to flight missed pertinent 

infomation

Weather document issued 
to flight missed pertinent 

infomation
Colgan: Oversight of 
pilots with training 

deficiencies 

Colgan: Oversight of 
pilots with training 

deficiencies 

Did not enforce commuting policy 
and address pilot fatigue hazards at 

commuter base

Did not enforce commuting policy 
and address pilot fatigue hazards at 

commuter base

Captain and FO rest in 
crew room before accident 

flight 

Captain and FO rest in 
crew room before accident 

flight 

Captain did not disclose 
two certificate 

disapprovals to Colgan 

Captain did not disclose 
two certificate 

disapprovals to Colgan 

Captains do not 
effectively manage the 
flight and inadequate 

leadership 

Captains do not 
effectively manage the 
flight and inadequate 

leadership 

Captain not recommended 
remedial training 

Captain not recommended 
remedial training 

Did not continue to check 
captains proficiency 

Did not continue to check 
captains proficiency 

Simulator Training flown by 
hand 

Simulator Training flown by 
hand 

Crew disobey Sterile cockpit 
procedures 

Crew disobey Sterile cockpit 
procedures 

Did not complete descent 
checklist and approach 

briefing on time 

Did not complete descent 
checklist and approach 

briefing on time 

Poor understanding of stall 
onset and post-stall 

recovery 

Poor understanding of stall 
onset and post-stall 

recovery 

Inappropriate 
response to stick 

shaker

Inappropriate 
response to stick 

shaker

Captains startle response to 
autopilot disconnect

Captains startle response to 
autopilot disconnect

Crew did not respond to 
cues

Crew did not respond to 
cues

Captains continued aft 
control column input and 

setting engine power at 70

Captains continued aft 
control column input and 

setting engine power at 70

Q400 lacked low speed 
awareness indicators 

Q400 lacked low speed 
awareness indicators 

Issues with aerodynamic 
stall training due to 

simulator fidelity 

Issues with aerodynamic 
stall training due to 

simulator fidelity 

Autopilot 
disconnects

Autopilot 
disconnects

Training records 
destroyed

Training records 
destroyed

No aural warning of stick shaker No aural warning of stick shaker 

Light to moderate & moderate icing 
from 3,000ft -14,00ft 

Light to moderate & moderate icing 
from 3,000ft -14,00ft 

Captain- inadequate basic 
flying skills

Captain- inadequate basic 
flying skills

Autopilot disconnect horn 
not silenced 

Autopilot disconnect horn 
not silenced 

Captains failure to create environment 
that would result in timely error 

detection

Captains failure to create environment 
that would result in timely error 

detection

No mention of status of 
ref speed switch

No mention of status of 
ref speed switch

FO’s did not enter 
keywords into ACARS for 

icing

FO’s did not enter 
keywords into ACARS for 

icing

Incorrect ref speed 
( returned clean 

config value)

Incorrect ref speed 
( returned clean 

config value)

Captain did not 
question ref speed

Captain did not 
question ref speed

FO did not challenge captains 
deviations from standard 

procedures 

FO did not challenge captains 
deviations from standard 

procedures 

FO use of portable 
electronic device before 

takeoff

FO use of portable 
electronic device before 

takeoff

ImpactImpact

Crew recieved outdated 
weather document 

missing relevant AirMet 
data- misinformed on 

icing conditions

Crew recieved outdated 
weather document 

missing relevant AirMet 
data- misinformed on 

icing conditions

Captain sudden aft 
control input 

Captain sudden aft 
control input 

FOQA program not 
fully implemented
FOQA program not 
fully implemented

LOSA program not 
effectively implemented

LOSA program not 
effectively implemented

QARs not installed on 
Q400's

QARs not installed on 
Q400's

Crew likely to 
impaired due to 

fatigue

Crew likely to 
impaired due to 

fatigue

ALPA – Colgan's commuting policy was consistent 
with industry practice. 

ALPA – Colgan's commuting policy was consistent 
with industry practice. 

Colgan- failure to have 
formal fatigue management 

program

Colgan- failure to have 
formal fatigue management 

program

Captain overriding of 
stick pusher 

Captain overriding of 
stick pusher 

GIA & Colgan failure 
to pick up on 

Captains basic flying 
skills

GIA & Colgan failure 
to pick up on 

Captains basic flying 
skills

Stick pusher training not consistently 
provided to Q400 pilots 

Stick pusher training not consistently 
provided to Q400 pilots 

Stick Shaker activation at 
15 knots higher than 
clean config (no ice)

Stick Shaker activation at 
15 knots higher than 
clean config (no ice)

Autopilot altitude hold mode was 
engaged when airplane levelled off 
at 2,300ft, the autopilot continued 

to add nose up pitch trim to 
maintain altitude as the airspeed 

slowed

Autopilot altitude hold mode was 
engaged when airplane levelled off 
at 2,300ft, the autopilot continued 

to add nose up pitch trim to 
maintain altitude as the airspeed 

slowed

Ref speed switch set to increaseRef speed switch set to increase

Aircraft enters 
Aerodynamic Stall

Aircraft enters 
Aerodynamic Stall

Captain loss 
of situation 
awareness

Captain loss 
of situation 
awareness

Colgan’s weather contractor 
subsystem had programming 

limitations

Colgan’s weather contractor 
subsystem had programming 

limitations

Government Policy and 
Budgeting

Regulatory Bodies and 
Associations 

Local area government 
planning and budgeting, 
company management 

Technical and 
operational 

management 

Physical processes and 
actor activities 

Equipment and 
surroundings

Figure 1: Colgan Air 3407 AcciMap



 

Figure 2: PCM response for a hypothetical stall on approach [Note abbreviations used: Vertical 
Speed Indicator (VSI), Air Traffic Control (ATC), Indicated Airspeed (IAS)] 
 
 


