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Abstract  

In the unlikely critical event of an Airbus A320 aeroplane suffering an all  

engines failure at cruising altitude, would the pilots be able to follow 

procedures and land safely on a reachable runway? Nine out of twelve 

simulations done during this research resulted in a crash when the pilots 

used only the Airbus procedures. Can the pilots make a safe landing on a 

runway after being taught and having practised judgment heuristics in addition 

to the manufacturer procedures? According to the sampled results in this 

research, they can. All of them.   

This research proposes an experimental comparative simulation design, drawing 

upon the Cognitive Systems Engineering approach, exploring the contribution 

of judgment heuristics ï as a feedforward artefact addition to  the 

manufacturer procedure ï to manage the situation. The results point to a 

significant benefit of adding judgment heuristics to the pilotsô ótoolboxô. 

The conclusion proposes further research to explore the potential benefits 

of training pilots the use of judgment heuristics for other critical 

situations as part of the airline pilot training syllabus. It also suggests 

a re - design of the Airbus A320 ALL ENGINES FAIL procedure.  
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Preface 

This research proposes a comparative experimental simulation of an ALL ENGINES FAIL 

emergency on board an Airbus A320, aiming to see how judgment heuristics contribute to the 

ÐÉÌÏÔÓȭ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÔÈÅ glide.  

When dealing with an ALL ENGINES FAIL situation, if the engines cannot be restarted, the 

airline pilots  suddenly become glider pilots, and they have to choose between making a forced 

landing or ditching. A forced landing can be on a runway or anywhere else, e.g., an open field or a 

highway. Ideally, the pilots will manage to land on a runway. This situation presents two 

significant challenges: calculating if a runway can be reached and monitoring the calculated profile 

throughout the descent, correcting eventual deviations. Simultaneously, the pilots will try to 

relight the engines and follow the procedure as thoroughly as possible. The workload and 

cognitive task load increase significantly and suddenly. 

This research observes and compares how airline crews manage this failure using only the 

manufacturer procedure and how they manage the same situation after being briefed and trained 

on the use of ÓÉÍÐÌÉÆÉÅÄ ȬÒÕÌÅÓ-of-thumbȭ type of heuristics in addition to the manufacturer 

procedure. After each simulation, the crews were required to complete a rating scales based 

instrument that measured their perception of situational awareness, workload and decision 

making. The comparative results are analysed, drawing upon a Cognitive System Engineering 

approach (Hollnagel & Woods, 2005).  

The results indicate a significant benefit in training the pilots in the use of judgment 

heuristics as an addition to the ALL ENG FAIL manufacturer procedure. The conclusion proposes 

further research on the potential benefits of training judgment heuristics on other emergencies as 

part of a pilot training syllabus.  
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Abstract 

In the unlikely critical event of an Airbus A320 aeroplane suffering an all engines failure at cruising 

altitude, would the pilots be able to follow procedures and land safely on a reachable runway? 

Nine out of twelve simulations done during this research resulted in a crash when the pilots used 

only the Airbus procedures. Can the pilots make a safe landing on a runway after being taught and 

having practised judgment heuristics in addition to the manufacturer procedures? According to 

the sampled results in this research, they can. All of them.   

This research proposes an experimental comparative simulation design, drawing upon the 

Cognitive Systems Engineering approach, exploring the contribution of judgment heuristics ɀ as a 

feedforward artefact addition to the manufacturer procedure ɀ to manage the situation. The 

results point to a significant benefit of adding judgment heuristics to the ÐÉÌÏÔÓȭ ȬÔÏÏÌÂÏØȭ. The 

conclusion proposes further research to explore the potential benefits of training pilots the use of 

judgment heuristics for other critical situations as part of the airline pilot training syllabus. It also 

suggests a re-design of the Airbus A320 ALL ENGINES FAIL procedure.  
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Glossary 

ATC: Air Traffic Control, usually represented by the route, approach, or tower controllers.  

CRM:  Crew Resource Management (CRM) is mandatory training for airline crews. It 

promotes the use of all available resources to achieve a safe, effective, and efficient 

flight. The training theoretically covers startle effect, stress & workload 

management, situational awareness, decision making, leadership and teamwork, 

and resilience development (EASA, 2016; European Union, 2011). 

Ditching: Making a forced landing on water (sea, river, or lake). 

ECAM: Electronic Centralised Monitoring system. An electronic system that identifies the 

failure and presents the step-by-step guidance that pilots must follow. 

FCTM: The Flight Crew Techniques Manual (FCTM) provides complementary information 

to the Flight Crew Operating Manual (FCOM): the general Airbus operational 

philosophy (e.g., design and utilisation principles, Golden Rules for pilots), additional 

information to the FCOM ÐÒÏÃÅÄÕÒÅÓ ɉÔÈÅ Ȱ×ÈÙͼ ÔÏ ÄÏ ÁÎÄ ÔÈÅ ȰÈÏ×ͼ ÔÏ ÄÏɊȟ ÂÅÓÔ 

ÐÒÁÃÔÉÃÅÓȟ ÏÐÅÒÁÔÉÎÇ ÔÅÃÈÎÉÑÕÅÓ ÏÎ ÍÁÎÏÅÕÖÒÅÓȟ ÁÎÄ ÈÁÎÄÌÉÎÇ Ȥ )ÎÆÏÒÍÁÔÉÏÎ ÏÎ 

situation awareness. (Airbus, 2019b, GI P 1/22) 

FL:  Flight Level. The altitude at which an aeroplane flies, based on a standard altimeter 

setting. In this way, all flying aircraft use the same altimeter data to ensure vertical 

separation between them.  

IAS: Indicated Air Speed. The air speed indicated on the main speed tape in the A320 

cockpit.   

ILS: Instrument Landing System. A ground-based guidance system that allows the 

aeroplanes to follow a precise lateral and vertical final approach profile to reach the 

runway touch down zone.   

PF: Pilot Flying ɀ the pilot that controls the aeroplane. 

PM: Pilot Monitoring ɀ the pilot that monitors and assists the pilot flying to control the 

aeroplane.  

QRH:  The Quick Reference Handbook is a printed or electronic document that is quickly 

available to the pilots on the flight deck. It includes a chapter on abnormal 

procedures. 

SOP: Standard Operating Procedures. According to their role, procedures are learned and 

applied by all the crew members of an airline.  

Type-rating: Training course for pilots. During type-rating, the pilots learn how to fly a specific 

type of aeroplane. E.g., Boeing 737, Airbus A320.  

  



 

Contents 

 
1 Gliding an Airbus A320; Simplicity-Complexity Trade-Off ...................................................................... 1 

2 Literature Review ..................................................................................................................................................... 6 

2.1 Workload ............................................................................................................................................................ 6 

2.2 Situational Awareness ................................................................................................................................... 7 

2.3 Decision Making ............................................................................................................................................... 7 

2.4 Time and control .............................................................................................................................................. 9 

2.5 Procedure design .......................................................................................................................................... 11 

2.6 Alternative shortcutting mechanisms: judgment heuristics ...................................................... 12 

2.7 Tacit knowledge and heuristics .............................................................................................................. 12 

2.8 Joint Cognitive Systems .............................................................................................................................. 13 

2.8.1 Feedback & feedforward artefacts ................................................................................................ 13 

2.8.2 Contextual Control Model (COCOM) ............................................................................................. 14 

3 Research Question ................................................................................................................................................. 16 

4 Methodology and Methods ................................................................................................................................. 17 

4.1 Methodology ................................................................................................................................................... 17 

4.2 Methods ............................................................................................................................................................ 17 

4.3 Experiment description ............................................................................................................................. 18 

4.3.1 Pre-simulations ..................................................................................................................................... 18 

4.3.2 Simulations ............................................................................................................................................ 18 

4.3.3 Post-simulation data collection and analysis ............................................................................ 19 

4.4 Data collection ............................................................................................................................................... 19 

4.4.1 Analysis of documents ........................................................................................................................ 19 

4.4.2 Initial interviews .................................................................................................................................. 19 

4.4.3 Simulations ............................................................................................................................................ 20 

4.4.4 Questionnaires ...................................................................................................................................... 20 

4.5 Research ethics - information, consent, and confidentiality  ...................................................... 21 

5 Research Protocol, Simulation References & Scenarios ......................................................................... 22 

5.1 Simulation scenario ..................................................................................................................................... 24 

5.1.1 Plotting the flight path and extracting the simulation data ................................................ 24 

5.2 Research protocol ........................................................................................................................................ 24 

5.3 Reference profiles and measurement points .................................................................................... 26 

5.3.1 The A320 QRH procedure analysis ................................................................................................ 27 

5.3.2 Deriving a connected Airbus A320 QRH profile ........................................................................ 28 



 

5.3.3 The heuristic profile ............................................................................................................................ 29 

6 Results ........................................................................................................................................................................ 32 

6.1 Crew sample size and characteristics .................................................................................................. 32 

6.2 Initial interviews  ........................................................................................................................................... 33 

6.3 Simulations ..................................................................................................................................................... 34 

6.4 Questionnaires ............................................................................................................................................... 39 

6.4.1 China Lake Situational Awareness Rating Scale ...................................................................... 39 

6.4.2 Bedford Workload Scale .................................................................................................................... 41 

6.4.3 Modified Cooper-Harper Rating Scale to measure Decision-Making ............................... 42 

6.5 Results analysis ............................................................................................................................................. 43 

6.6 Results synthesis .......................................................................................................................................... 47 

7 Analyses and Discussion ..................................................................................................................................... 49 

7.1 Initial interviews  ........................................................................................................................................... 49 

7.2 Simulations ..................................................................................................................................................... 50 

7.3 Questionnaires ............................................................................................................................................... 51 

7.4 A HF/E approach to the Airbus ALL ENGINES FAIL procedure and heuristic profile ..... 52 

7.5 A CSE perspective comparison: A320 QRH procedure and judgment heuristics .............. 54 

7.5.1 4ÈÅ ȬÒÉÇÈÔ-right -ÒÉÇÈÔȭ ÒÕÌÅ ............................................................................................................... 54 

7.5.2 Simplicity-Complexity Trade-Off .................................................................................................... 55 

7.6 Discussion summary ................................................................................................................................... 56 

7.7 Research limitations .................................................................................................................................... 57 

7.8 Further research ........................................................................................................................................... 58 

8 Conclusions ............................................................................................................................................................... 63 

9 References ................................................................................................................................................................. 65 

Appendix 1 ɀ The AÉÒÂÕÓ !σςπ Ȭ!,, %.' &!),ȭ 12( ÐÒÏÃÅÄÕÒÅ ................................................................. 68 

Appendix 2 ɀ Technical details of simulators used ........................................................................................... 73 

The Wizz Air certified simulator in Budapest ................................................................................................. 73 

The FlightX non-certified simulator in Cluj-Napoca ..................................................................................... 75 

Appendix 3 ɀ Simulation: initial position, plotting the flight  path, and extracting the data ............. 78 

Initial position  .............................................................................................................................................................. 78 

Simulation data from the Wizz Air certified simulator in Budapest ...................................................... 79 

Simulation data from the FlightX non-certified simulator in Cluj-Napoca ......................................... 80 

Appendix 4 ɀ Questionnaires: calibration and data extraction .................................................................... 81 

China Lake Situational Awareness Rating Scale ............................................................................................. 81 

Bedford Workload Scale........................................................................................................................................... 82 



 

Cooper-Harper Rating Scale ................................................................................................................................... 83 

Appendix 5 ɀ Simulation profiles data & questionnaires results................................................................. 86 

Appendix 6 ɀ Initial interview protocol and transcriptions  ....................................................................... 110 

Protocol ........................................................................................................................................................................ 110 

Transcriptions ........................................................................................................................................................... 113 

 



Gliding an Airbus A320; Simplicity-Complexity Trade-Off 

1 
 

1 Gliding an Airbus A320; Simplicity-Complexity Trade-Off 

My Interest in this research topic originates from my professional experience. I am an 

Airbus A320 training captain and a Crew Resource Management (CRM)1 instructor working for an 

airline in Europe and the Middle East. Pilots learn and follow numerous procedures for both 

normal and abnormal situations. In abnormal and emergency situations, pilots may be affected by 

a sudden increase in cognitive workload or by the effects of startle and surprise, which can impact 

their  cognitive capacity (Jarvis et al., 2014, Amalberti, 2001; DeLisi, 2018; EASA, 2018; FAA, 1996; 

Grant & Booth, 2009; Landman et al., 2017a; Landman, Groen, van Paassen, Bronkhorst, & Mulder, 

2017b; Leach, 2004; Moriarty, 2015; Rankin et al., 2013, 2015; Talone & Jentsch, 2015). 

On many occasions, trainers and more experienced pilots taught me alternative simplified 

ways to manage complex situations in a mentally economical way. This simplified verbal 

knowledge ɀ ȰÅÁÓÉÌÙ ÁÐÐÌÉÅÄ ÐÒÏÃÅÄÕÒÅÓ ÆÏÒ ÁÐÐÒÏØÉÍÁÔÅÌÙ ÃÁÌÃÕÌÁÔÉÎÇ ÓÏÍÅ ÖÁÌÕÅȢȱ ɉȰ2ÕÌÅÓ ÏÆ 

4ÈÕÍÂȟȱ ÎȢÄȢɊ ɀ is not present in any Airbus or training documentation. 

I chose to research how such verbal knowledge contributes to the management of an ALL 

ENGINES FAIL at cruising altitudes situation in an Airbus A320, which I believe is an excellent 

example of a complex and time-pressured situation that may expose the crew to the effects of a 

sudden increase in cognitive workload. 

In the past, the most common cause of all engines failure was fuel starvation, but there 

have been other cases due to bird strikes, various forms of water ingestion such as hail, ice, heavy 

rain, flying through volcanic ash, or debris ingestion. Despite their low frequency, such failures 

have a high impact on the outcome. The aviation-safety.net database lists 280 cases of all engine 

power losses from 1941 to 2020, out of which 189 cases performed a forced landing outside the 

airport and 30 cases ditched ɉȰ!ÌÌ %ÎÇÉÎÅ 0Ï×ÅÒÌÏÓÓȟȱ ÎȢÄȢɊ.  

From a pilotȭs perspective, an aeroplane whose engines have all failed suddenly becomes 

a heavy glider. Unless at least one engine can be restarted, deciding on a landing spot ɀ ideally a 

runway ɀ becomes the critical area of concern. The crew is faced with  a set of challenges in 

calculating and controlling the glide path. An A320 crew may be startled and surprised following 

the sudden change from normal work to a critical situation with an increased workload, and the 

pilots may not be able to use the navigational guidance available in the Airbus Quick Reference 

Handbook (QRH)2 due to lack of training. 

 
 

1 Crew Resource Management (CRM) is a mandatory training for airline crews. It promotes the use of all 
available resources in order achieve a safe, effective, and efficient flight. The training theoretically covers 
topics such as startle effect, stress & workload management, situational awareness, decision making, 
leadership and teamwork, and resilience development (EASA, 2016; European Union, 2011). 

2 The Quick Reference Handbook (QRH) is a printed or electronic document that is quickly available to the 
pilots on the flight deck. It includes a chapter of abnormal procedures.  
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The regulatory document for training Airbus A320 pilots is the Airbus A320 Flight Crew 

Training Standards (Airbus, 2019e). The ALL ENG FAIL procedure is defined as a Training Level E 

item:  

Training level E applies to items related to the knowledge, skill and attitude of a system 

operation or a procedure/technique that need to be trained as a flight crew: 

¶ In a full task training device witÈ ȰÐÓÙÃÈÏÌÏÇÉÃÁÌȱ ÃÁÐÁÂÉÌÉÔÙ ÔÈÁÔ ÈÁÓȡ  

¶ Maneuver capability in real time 

¶ Full flight environment simulation capability. 

¶ With instructor guidance. 

4ÈÅ ÔÅÒÍ ȰÐÓÙÃÈÏÌÏÇÉÃÁÌȱ ÒÅÆÅÒÓ ÔÏ ÔÈÅ ÃÁÐÁÂÉÌÉÔÙ ÏÆ ÔÈÅ ÆÕÌÌ ÔÁÓË ÔÒÁÉÎÉÎÇ ÄÅÖÉÃÅ ÉÎ ×ÈÉÃÈ 

the tasks performed by the flight crew have a similar physical and emotional impact as 

they would have when the flight crew operates the real aircraft . 

Examples of training media level E: Full Flight Simulator (FFS). (Airbus, 2019e, p.74) 

The document lists the ALL ENGINES FAIL situation as a mandatory item during type-

rating but does not specify that the simulation must continue with the failed engines all the way 

to landing.  

In May 2010, when I did my A320 type-rating at the Airbus Training Centre in Toulouse, I 

practised the ALL ENG FAIL procedure, but the exercise focused on restarting the engines. I was 

not trained on how to interpret and apply the navigational guidance presented in the QRH. I argue 

that the ALL ENG FAIL procedure is very complex and requires not only a sound prior structural 

understanding but also a lot of cognitive capacity to manage in accordance with the manufacturer 

guidance:  

The Airbus Flight Crew Techniques Manual (FCTM) instructs the pilots first to  follow the 

Airbus golden rule #1: Ȱfly, navigate, communicate: in this order and with the appropriate task 

ÓÈÁÒÉÎÇȱ (Airbus, 2019a, PR-AEP-ENG P 5/24). 
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4ÈÅ !ÉÒÂÕÓ ȰGolden Rules ÆÏÒ 0ÉÌÏÔÓȱ are a 

form of high-level operational guidelines that 

consider ÔÈÅ ȰÁÄÁÐÔÁÔÉÏÎ ÏÆ basic flying principles 

to  modern-technologyȱ, provide Ȱinformation 

about the required crew coordinationȱ ×ÈÉÌÅ ÁÌÓÏ 

taking into account CRM principles, aiming to 

ultimately ȰÈÅÌÐ ÐÒÅÖÅÎÔ ÔÈÅ ÃÁÕÓÅÓ ÏÆ ÍÁÎÙ 

accidents or incidents and to ensure flight 

ÅÆÆÉÃÉÅÎÃÙȢȱ (Airbus, 2019a, AOP-40 P 1/4) As high 

level operational guiding principles, I argue they 

remain highly underspecified. 

After complying with golden rule #1, the 

pilots must turn to the situation-specific checklists 

and procedures. Following all engine failure, there 

are significant changes in the electrical and 

hydraulic systems (Airbus, 2019a, PR-AEP-ENG P 

2/24)  which suddenly trigger a separate task-

sharing situation on the flight deck.  

Pilot Flying (PF), in this case, the pilot occupying the left seat, deals with coordinating and 

controlling the aeroplane trajectory (fly, navigate, communicate) and, provided fuel is still 

available, maintaining sufficient airspeed that would eventually allow the windmilling engines to 

relight. The Pilot Monitoring (PM), occupying the right seat, attempts to relight the engines by 

following  the Electronic Centralised Monitoring system (ECAM)3 and running through the QRH 

procedure (Airbus, 2019b, PR-AEP-ENG P 5/24). The ECAM and the QRH offer rough gliding range 

information  in no wind conditions, based on performance envelope (factory)  data.  

As a result, depending on actual parameters, the actual gliding distance may differ. After 

their range assessment, the PF should then initiate the diversion to an accessible runway, 

or determine the most appropriate area for a forced landing or ditching. (Airbus, 2019b, 

PR-AEP-ENG P 5/24)  

If a runway is accessible and within the gliding range envelope, is it possible to effectively 

fly and navigate an Airbus A320 with failed engines from cruising altitudes to reaching a desirable 

outcome (safely landing and stopping on the runway), using only the guidance offered by the 

manufacturer procedure? I doubt it . I believe there is a gap in the procedure design and training 

standards: 

 

Firstly, I argue that ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÅ ÐÏÔÅÎÔÉÁÌ ÅÆÆÅÃÔÓ ÏÎ ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙ ÆÏÌÌÏ×ÉÎÇ 

surprise and the sudden increase in workload in the cockpit, the Airbus A320 ALL ENG FAIL QRH 

 
 

3 Electronic Centralised Monitoring system (ECAM). An electronic system that identifies the failure and 
presents the step-by-step items that pilots must follow. 

Figure 1. Airbus Golden Rules 
 (Airbus, 2019a) 
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procedure offers flight crew anything but navigational sensemaking guidance (Rankin, Woltjer, & 

Field, 2016). Secondly, the Airbus Training Standards regulatory document does not require 

training  pilots this level E procedure/technique to a sufficient level of knowledge and skill (Airbus, 

2019e, p.74) that would enable them to demonstrate proficiency in calculating and controlling  a 

gliding profile from cruising altitudes all the way down to landing on a runway.  I argue that 

following the Airbus Training Standards, airline crews that completed an A320 type-rating course 

remain unprepared for a real ALL ENGINES FAIL critical situation, which is atypical, unfamiliar  

(Clewley & Nixon, 2019) and untrained. 

From a flight-crew human factors perspective, applying the Airbus Golden Rules to control 

the aeroplane and managing the required procedures relies on mental processes that add 

considerably to workload. Jarvis et al. (2014) consider that the difficulty of a task and the time 

available to complete the task are two out of four general task factors that directly affect cognitive 

workload (Jarvis, 2010, as cited by Jarvis et al., 2014, p55). As pilots ÃÁÎÎÏÔ ȬÂÕÙȭ ÍÏÒÅ ÔÉÍÅ 

because the gliding time available is a function of the aeroplane altitude and can only run shorter 

as the aeroplane approaches the ground, the task of calculating and controlling the glide profile 

becomes critically  important. If the pilots rely solely on the QRH gliding calculation guidance, 

which I argue is very difficult  to operationalise, a significant increase in cognitive workload is 

foreseeable. This will affect the ÃÒÅ×ȭÓ ability to focus attention, which has implications for 

situational awareness4 and the subsequent decision-making required to control the situation 

(Jarvis et al., 2014); therefore, the procedure design may directly impact the desired outcome. Are 

there any alternative ways that pilots could use to manage such a complex situation?  

Since it is impossible to reduce the real complexity, the alternative solution is to reduce the 

perceived complexity of the system by simplifying the information presentation. The 

reasoning is that if the system can be made to look simpler, then it will also be simpler to 

control. (Hollnagel & Woods, 2005, p.85) 

I argue that pilots can use simplified cognitive strategies for mentally economical decision-

making (Allspaw, 2015) that integrate existing simplified verbal knowledge that is not written 

anywhere in the form of judgment heuristics. Using these judgment heuristics can lead to 

satisfactory (good enough) solutionsȢ Ȱ4ÈÅ obvious advantage of these mechanisms is that they 

save time and effort.ȱ (Jarvis et al., 2014, p.91) A satisfactory solution is better than an optimised 

one that ȰÏÂÖÉÏÕÓÌÙ ÔÁËÅÓ Á ÌÏÔ ÍÏÒÅ ÔÉÍÅ ÁÎÄ ÅÆÆÏÒÔȟ ÂÕÔ importantly it may be beyond the 

capabilities of people in most complex situationsȱ (Jarvis et al., 2014, p.90). I argue that this is an 

example of a desirable simplicity-complexity trade-off (Hollnagel & Woods, 2005, p.82). 

I am not trying to suggest that judgment heuristics or simplified workflows could replace 

checklists or change the high-level priorities. I argue that during an ALL ENG FAIL situation, 

considering the potential effects of startle, surprise, and workload ÏÎ ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙȟ 

the judgment heuristics as an addition to the manufacturer procedures may help the pilots from 

 
 

4 Situational Awareness (SA) - ȰÒÅÆÅÒÓ ÔÏ ÔÈÅ ÏÐÅÒÁÔÉÏÎÁÌ ÂÅÈÁÖÉÏÒÓ ÔÈÁÔ Á ÐÉÌÏÔ ÍÉÇÈÔ ÅØÈÉÂÉÔ ÁÓ Á ÒÅÓÕÌÔ ÏÆ 
ÈÉÓ ÉÎÆÏÒÍÁÔÉÏÎ ÐÒÏÃÅÓÓÉÎÇ ÁÂÉÌÉÔÉÅÓȱ (Moriarty, 2015, p.XXIV) 
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the high-level initial steps (fly & navigate) when they make their  initial navigational decision, 

throughout the descent (monitor and control the glide path), all the way to landing and stopping 

on a runway. 

While the probability of an ALL ENGINES FAIL event happening in real life is low, I argue 

that the conclusions drawn from such a clear-cut case can indicate salient directions both for 

procedure design and for further ɀ and more fine-grained ɀ research on pilot training methods. 
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2 Literature Review 

The cockpit of an A320 is a complex socio-technical system, as it consists of interrelated 

and interdependent elements. The system agents are pilots, technology, procedures, environment, 

ATC, all joined to pursue safe air transport. Dynamic couplings create complexity as neither their 

goals, resources, nor constraints remain constant (Adriaensen, Patriarca, Smoker, & Bergström, 

2019).  

In this chapter, I refer to literature that links the object of this research ɀ the Airbus A320 

ALL ENG FAIL QRH procedure (Airbus, 2019d, ABN-19.01A) ɀ with the various system agents in 

the context of an ALL ENGINES FAIL at cruising altitudes.  

I consider a CRM perspective that connects ÔÈÅ 12( ÐÒÏÃÅÄÕÒÅ ÄÅÓÉÇÎ ×ÉÔÈ ÐÉÌÏÔÓȭ 

cognitive workload, situational awareness, and ability to make effective decisions. Next, I look at 

literature that discusses ȬÔÁÃÉÔ ËÎÏ×ÌÅÄÇÅȭ and judgment heuristics. I touch upon what Wilson & 

Sharples (2015) argue about Human Factors and Ergonomics (HF/E), and, finally, I connect all the 

elements drawing upon the Cognitive Systems Engineering (CSE) approachȟ ÁÓ ȰÁ ÓÙÓÔÅÍÓ 

ÁÐÐÒÏÁÃÈ ÔÏ ÐÈÅÎÏÍÅÎÁ ÔÈÁÔ ÅÍÅÒÇÅ ÁÔ ÔÈÅ ÉÎÔÅÒÓÅÃÔÉÏÎ ÏÆ ÐÅÏÐÌÅȟ ÔÅÃÈÎÏÌÏÇÙ ÁÎÄ ×ÏÒËȱ (Woods 

& Hollnagel, 2006, p. 13). 

CRM training is regulated by the EASA Acceptable Means of Compliance (AMC) to Annex 

III - Part-ORO document (EASA, 2016) with the training programs detailed in the COMMISSION 

REGULATION (EU) of 3 November 2011 laying down technical requirements and administrative 

procedures related to civil aviation aircrew pursuant to Regulation (EC) No 216/2008 of the 

European Parliament and the Council. (European Union, 2011) CRM courses theoretically cover 

human factors topics such as startle effect, stress & stress management, workload management, 

situational awareness, decision-making, and resilience development.  

The Flight-Crew Human Factors Handbook (CAP 737) is a UK Civil Aviation Publication 

ÃÒÅÁÔÅÄ ÂÙ ÔÈÅ #ÒÅ× 2ÅÓÏÕÒÃÅ -ÁÎÁÇÅÍÅÎÔ !ÄÖÉÓÏÒÙ 0ÁÎÅÌ ȰÔÏ ÐÒÏÖÉÄÅ ÍÏÒÅ ÆÏÃÕÓÓÅÄ ÁÎÄ ÁÐÐÌÉÅÄ 

ÐÒÁÃÔÉÃÁÌ #2- ÔÒÁÉÎÉÎÇ ÇÕÉÄÁÎÃÅȱ. (Jarvis et al., 2014) The document presents a practical view of 

the relationship between workload, situational awareness, and decision making. The following 

three sections clarify these concepts. 

 

2.1 Workload 

According to Jarvis (2014), the cognitive workload ÉÓ Ȱthe amount of mental effort needed 

(and expended) to process informationȱ. The authors argue that Ȱhigh workload is associated with 

increased errors, fatigue, task degradation, and poor performanceȱ (Jarvis et al., 2014, p.55), and 

this is particularly important for pilots facing an abnormal or emergency situation on the flight 

deck, when the task load may suddenly change and increase.  

Besides factors such as fatigue, level of arousal, and the duration of the task, Jarvis 

ÍÅÎÔÉÏÎÓ ÔÈÅ ȰȬdÉÆÆÉÃÕÌÔÙȭ ÏÆ ÔÈÅ ÔÁÓËȱȟ ÔÈÅ Ȱnumber of tasks ÒÕÎÎÉÎÇ ÉÎ ÐÁÒÁÌÌÅÌ ɉÃÏÎÃÕÒÒÅÎÔÌÙɊȱȟ ÔÈÅ 

Ȱnumber of tasks in a series (switching from task to task)ȱȟ ÁÎÄ ȰÔÈÅ ÔÉÍÅ ÁÖÁÉÌÁÂÌÅ ÆÏÒ ÔÈÅ ÔÁÓË 

ɉÓÐÅÅÄ ÏÆ ÔÁÓËɊȱ.  These four general task factors directly affect cognitive workload (Jarvis, 2010, 
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as cited by Jarvis et al., 2014, p55), and subsequent situational awareness and decision-making 

processes.  

 

2.2 Situational Awareness 

In colloquial terms, situational awareness (SA) is ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ ȰËÎÏ×ÉÎÇ  ×ÈÁÔ ÉÓ ÇÏÉÎÇ 

ÏÎȱ (Jarvis et al., 2014, p.71). Endsley (1995) argues that gaining situational awareness results 

from a three-step sequence: perceiving the information, comprehending it, and projecting the 

situation into the near future. While this view is widely embraced in airline CRM training, it is 

important to underline that SA is a dynamic and constantly updating process. This detail builds 

upon .ÅÉÓÓÅÒȭÓ ɉρωχφɊ ÐÅÒÃÅÐÔÕÁÌ ÃÙÃÌÅ ÍÏÄÅÌ ɉ0#-Ɋ ×ÈÉÃÈ ȰÓÔÒÕÃÔÕÒÅÓ the interaction between a 

ÐÅÒÓÏÎȭÓ ÍÅÎÔÁÌ ÔÅÍÐÌÁÔÅ ɉÉÎÔÅÒÎÁÌ ÓÃÈÅÍÁÔÁɊ ÁÎÄ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÉÎ ×ÈÉÃÈ ÔÈÅÙ ×ÏÒËȱ(Plant & 

Stanton, 2015)ȟ ÁÎÄ Ȱhas formed the foundation of contemporary theories of SA and has been 

applied to the explanations of accidents.ȱ (Plant & Stanton, 2016) 

 
In this research, I use the term situational awareness, referring to ȰÔÈÅ ÏÐÅÒÁÔÉÏÎÁÌ 

ÂÅÈÁÖÉÏÒÓ ÔÈÁÔ Á ÐÉÌÏÔ ÍÉÇÈÔ ÅØÈÉÂÉÔ ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÈÉÓ ÉÎÆÏÒÍÁÔÉÏÎ ÐÒÏÃÅÓÓÉÎÇ ÁÂÉÌÉÔÉÅÓȱ (Moriarty, 

2015, p.XXIV), and articulate it with  the following elements (Gawron, 2008):  

¶ ÐÉÌÏÔÓȭ understanding/knowledge of the energy state/environment/gliding distance, 

which implies the ÐÉÌÏÔÓȭ ÁÂÉÌÉÔÙ ÔÏ ÐÅÒÃÅÉÖÅ ÁÎÄ ÐÒÏÃÅÓÓ ÔÈÅ ÉÎÆÏÒÍÁÔÉÏÎ, and 

¶ ÐÉÌÏÔÓȭ ability to anticipate or accommodate trends, which requires some degree of 

projection of the situation into the future. 

These elements can be used as SA measurement tools (Gawron, 2008). Anticipating and 

accommodating trends may require aeroplane trajectory adjustments (direct inputs on the 

aeroplane controls) resulting from anticipatory  decision-making processes based on SA. Such 

valuable ÉÎÓÉÇÈÔÓ ÉÎÔÏ ÐÉÌÏÔÓȭ perceived SA can be used to assess the impact of adding judgment 

heuristics to the manufacturer QRH procedure and how this addition contributes to the overall 

management of an ALL ENGINES FAIL situation. 

 

2.3 Decision Making 

Jarvis et al. (2014, p.79) visualise the time and effort required to make various types of 

decisions using the simple continuum in Fig. 2: 

 

Figure 2. Simple continuum for decision types (Jarvis et al., 2014, p.79) 

The authors argue that decisions ÒÅÑÕÉÒÅ Ȱreasoning and logic to make the most ideal 

choiceȱ ɉÐȢψπɊȢ 3ÕÃÈ ÄÅÃÉÓÉÏÎÓ take a long time, require a high cognitive workload, and are 

structured: analysing the problem, generating options, balancing the pros and cons of each option, 

and finally choosing the best one. Ȱ)n aviation, the most likely occasions when rational decision 
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processes are attempted are novel and/or complex situations, and when time is available [emphasis 

added].ȱ (Jarvis et al., 2014, p.82)  

At the opposite end of the decision types continuum (Figure 2), Jarvis et al. place intuitive 

decisions. The authors argue that such decisions ÁÒÅ ÂÁÓÅÄ ÏÎ +ÌÅÉÎȭÓ ÒÅÃÏÇnition -primed 

decision-making model (RPD), which ȰÄÅÓÃÒÉÂÅÓ ÈÏ× ÄÅÃÉÓÉÏÎ ÍÁËÅÒÓ ÕÓÅ ÔÈÅÉÒ ÅØÐÅÒÉÅÎÃÅ ÔÏ 

ÁÖÏÉÄ ÐÁÉÎÓÔÁËÉÎÇ ÄÅÌÉÂÅÒÁÔÉÏÎÓȱ (Klein, 1993). Jarvis et al. argue that most decisions made on the 

ÆÌÉÇÈÔ ÄÅÃË ÆÁÌÌ ÉÎÔÏ ÔÈÉÓ ÃÁÔÅÇÏÒÙ Ȱbecause both crew-members are experienced enough to base 

choices on past experienceȱ ÁÎÄ ÁÒÅ ÔÈÅÒÅÆÏÒÅ ÑÕÉÃË ÁÎÄ ÅÆÆÏÒÔÌÅÓÓ (Jarvis et al., 2014, p.96).  

Reflecting on an interview with A380 Captain Richard de Crespigny, Shorrock  (2020) 

places the concept of Efficiency-Thoroughness Trade-Off (ETTO) (Hollnagel, 2009) at the core of 

the rational decision-making process. Shorrock concludes that during the management of a 

complex situation aboard an Airbus 380, de Crespigny and his crew made 

trade-offs between shorter-term and longer-term goals, between thoroughness and 

efficiency, between monitoring and acting, between compliance and creativity, between 

diagnosing components and understanding whole systems, between a focus on what 

×ÁÓÎȭÔ ×ÏÒËÉÎÇ ÁÎÄ ×ÈÁÔ ×ÁÓ ×ÏÒËÉÎÇȟ ÁÎÄ ÂÅÔ×ÅÅÎ ÄÉÆÆÅÒÅÎÔ ËÉÎÄÓ ÏÆ ÒÉÓËÓȢ 4ÈÅÓÅ ÔÒÁÄÅ-

offs are relevant to normal operations, but become more critical in a crisis. (Shorrock, 

2020) 

Such an analysis required Ȱa slower decision-making process . . . taking minutes or even 

up to two hours.ȱ (Shorrock, 2020)  

An ALL ENGINES FAIL situation is time-limited , yet essential navigational trade-offs must 

be made. According to Hollnagel & Woods (2005, p.169), four aspects of time can be identified in 

this case:   

a) The total time available (TA) is a function of the aeroplane altitude, dictating the 

maximum gliding time and the maximum range (ground distance). In this situation , 

the gliding time available is a critical constraint. 

b) The time needed for evaluation (TE); the time requir ed to determine the landing 

strategy 

c) The time needed for the selection of a suitable landing spot (TS) 

d) Performance time (TP) ɀ the time for crew work; continuously calculating and 

adjusting the gliding distance to reach a chosen landing spot, ideally a runway.  

The evaluation, selection, and performance tasks are referred to in this thesis as a single 

navigational element:  the ÐÉÌÏÔÓȭ critical task. 
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Figure 3. Temporal relations at work (Hollnagel & Woods, 2005, p.169) 

As advised by the Airbus FCOM, using the information provided by the ECAM, Ȱthe flight 

crew should be able to rapidly assess the situation and determine their landing strategy if the 

engines do not relight.ȱ (Airbus, 2019a, PR-AEP-ENG P 5/24) In other words, pilots should quickly 

evaluate (during TE) and select (during TS) their landing spot.  

Once the pilots chose a landing spot, it is essential to perform the appropriate navigational 

manoeuvres to get the aeroplane onto the desired profile (during TP). Any uncorrected profile 

deviation can later lead to either undershooting or overshooting the runway. The closer to the 

ground the aeroplane gets, the more accurate the gliding profile control must be. This navigational 

part, the critical task, is most demanding on the ÐÉÌÏÔÓȭ cognitive resources. 

The evaluation, selection, and performance processes are ÃÙÃÌÉÃȟ ÁÓ ÓÕÇÇÅÓÔÅÄ ÂÙ .ÅÉÓÓÅÒȭÓ 

(1976) perceptual cycle model. Pilots would constantly need to re-evaluate their situation, re-

select the course of action, and adjust their actions/performance. This cyclicity is part of the 

Contextual Control Model (COCOM) (Hollnagel & Woods, 2005) and will be further discussed later 

in this chapter.  

The time available to the crew to make their initial analysis and decision (TE+TS) is short 

and requires a rapid transition from rational decisions to quicker decisions. According to Jarvis et 

al., quicker decisions require using shortcutting mechanisms, ×ÈÉÃÈ ȰÂÅÃÏÍÅ ÍÏÒÅ ÐÒÅÖÁÌÅÎÔ ÁÓ 

general task load increases, when the time and attention required for rational decision processes 

is limited.ȱ (Jarvis et al., 2014, p.91) This type of decision is depicted in the middle of the decisions 

type continuum (Figure 2).  

After clarifying the key concepts of workload, situational awareness, and decision-making, 

the following  two sections explain why the QRH procedure may be reasonably considered as 

falling short from structural and procedural design perspectives. Following that, I clarify the 

concept and the potential role played by judgment heuristics in improving task performance. 

 

2.4 Time and control  

The ability to make quick decisions and adapt the strategy to control the energy and 

trajectory is crucially important  during glide management when the accuracy of the navigational 

trade-offs becomes more and more acute as TP decreases when the aeroplane is approaching the 

ground.  

What shortcutting mechanisms can pilots use at the onset of an ALL ENGINES FAIL 

situation so they can make effective altitude/speed/distance trade-offs considering the available 

time for the critical task?  
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According to the manufacturer guidance, they can use the estimated range information 

displayed on the ECAM to make an initial decision. After that, Airbus FCOM states, ȰÔhe ALL ENG 

FAIL QRH procedure addresses all situations and provides all necessary procedure steps until the 

touchdown if the engines do not relightȱ (Airbus, 2019a, PR-AEP-ENG P 6/24) during TP. 

(ÏÌÌÎÁÇÅÌ ÁÎÄ 7ÏÏÄÓ ɉςππυɊ ÁÒÇÕÅ ÔÈÁÔ ÔÈÅ ȰÃÏÍÍÏÎ ÂÁÓÉÓ ÏÆ ÉÎÔÅÒÆÁÃÅ ÄÅÓÉÇÎȱ ÉÓ ÔÈÅ 

ȬÒÉÇÈÔ-right -ÒÉÇÈÔȭ ÒÕÌÅ ɉÔÈÅ ÒÉÇÈÔ ÉÎÆÏÒÍÁÔÉÏÎȟ ÉÎ ÔÈÅ ÒÉÇÈÔ ÆÏÒÍȟ ÁÔ ÔÈÅ ÒÉÇÈÔ ÔÉÍÅɊ ɉÓÅÅ ÓÅÃÔÉÏÎ χȢφȢρȢ 

below). From this perspective, the QRH procedure effectiveness is questionable due to its 

structural design. The navigational information provided in the QRH procedure, despite being 

technically correct (right information), is of little use because it is not presented in a form that 

pilots can efficient ly process (right form), does not come at the right time, nor is effectively 

operationalisable under increasing pressure of decreasing time available (TP). Therefore, it has 

limited  use to enable pilots to make adequate energy and trajectory predictions in order to control 

the situation.  

Moreover, Hollnagel & Woods (2005) consider the relation of control mode dependency 

ÏÎ ÔÉÍÅȟ ×ÈÅÒÅ ÔÈÅÙ ÁÎÁÌÙÓÅ ÔÈÅ ȰÔÅÍÐÏÒÁÌ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃÓ ÏÆ ÁÃÔÉÏÎÓȱ ɉÐȢρχπɊȟ ÐÏÒÔÒÁÙÉÎÇ ÆÏÕÒ 

ÔÙÐÅÓ ÏÆ ÃÏÎÔÒÏÌ ÍÏÄÅÓ ɉȰ×ÈÉÃÈ ÃÏÒÒÅÓÐÏÎÄ ÔÏ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ ÄÉÆÆÅÒÅÎÃÅÓ ÉÎ ÔÈÅ ÏÒÄÅÒÌÉÎÅÓÓ ÏÒ 

ÒÅÇÕÌÁÒÉÔÙ ÏÆ ÐÅÒÆÏÒÍÁÎÃÅȱ ɉÐȢρτφɊɊȟ ÕÓÉÎÇ predictability and available time as reference elements 

for their analysis:  

 

Figure 4. Main determinants of control modes (Hollnagel & Woods, 2005, p.161) 

The control modes characteristics are: 

 

Table 1. Main Control Mode Characteristics (Hollnagel & Woods, 2005, p.148) 
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Based on this categorisation, I conclude that the QRH procedure induces the pilots into a 

scrambled control mode as the limited time is inadequate to process the information presented by 

the QRH procedure; hence, pilots can only make rudimentary trajectory predictions .  They may 

need more time to evaluate the situation using the QRH navigational information, select a course 

of action, and perform the necessary trajectory corrections, than they have total time available. 

This situation ÍÁÙ ÔÒÉÇÇÅÒ Á ȰÔÒÉÁÌ-and-ÅÒÒÏÒ ÔÙÐÅ ÏÆ ÐÅÒÆÏÒÍÁÎÃÅȱ ×ÈÅÒÅ ȰÔÈÅ ÃÈÏÉÃÅ ÏÆ ÎÅØÔ ÁÃÔÉÏÎ 

is basically random ɍÅÍÐÈÁÓÉÓ ÁÄÄÅÄɎȱ (Hollnagel & Woods, 2005, p.146). 

Before discussing possible alternative shortcutting mechanisms that may enhance ÐÉÌÏÔÓȭ 

ability to control an ALL ENGINES FAIL situation at cruising altitude, a few procedure design 

considerations may be necessary. 

 

2.5 Procedure design 

The Airbus QRH procedure can also be characterised as an abnormal checklist, as 

according to Degani & Wiener (1990), it  is intended Ȱto aid the pilot during emergencies and/or 

malfunctions of the systemsȱȟ ÔÏ ȰÓÅÒÖÅ ÁÓ Á ÍÅÍÏÒÙ ÇÕÉÄÅȱȟ ÅÎÓÕÒÅ ÔÈÁÔ ÁÌÌ ÃÒÉÔÉÃÁÌ ÁÃÔÉÏÎÓ ÁÒÅ 

ÔÁËÅÎȱȟ ȰÒÅÄÕÃÅ ÖÁÒÉÁÂÉÌÉÔÙ ÂÅÔ×ÅÅÎ ÐÉÌÏÔÓȱȟ ÁÎÄ ȰÅÎÈÁÎÃÅ ÃÏÏÒÄÉÎÁÔÉÏÎ ÄÕÒÉÎg high workload and 

ÓÔÒÅÓÓÆÕÌ ÃÏÎÄÉÔÉÏÎÓȱȢ (Degani & Wiener, 1990) 

The authors cite Drury et al. (1987) to argue that three factors need to be analysed when 

designing a checklist:  

The first is the hardware/software operating process which is the foundation for the 

entire task analysis. The second stage is the task classification and description which 

details the human task requirements and provides the information needed to perform the 

work. The third is the actual analysis, interpretation, evaluation, and transformation of the 

task demands based on the knowledge of human capabilities. (Drury et al., 1987, as cited 

by Degani & Wiener, 1990) 

The Airbus A320 ALL ENG FAIL QRH procedure design (Airbus, 2019d, ABN-19.01A) may 

be based on an insufficient understanding of the required operational process and human task 

requirements. It does not effectively offer pilots the navigational information required to calculate 

and monitor the gliding profile ɀ the critical task ɀ in a manner that can be effectively interpreted  

and operationalised by the pilots within their foreseeable human capabilities. Under increased 

cognitive workload and critical task time pressure, the checklist design may trigger a series of 

undesirable human performance ɀ cognitive ɀ consequences for the pilots: 

During TP, pilots may try to speed up the gliding profile calculation process (requiring 

difficult and time-consuming QRH profile  calculations), which may lead to profile errors, which 

under increasing time pressure (aeroplane approaching the ground) may add additional difficulty 

to the critical task. If the pilots do not have any alternative sources from which to get information , 

nor can they simplify the critical task,  ÔÈÅÎ ȰÔhere is clearly a danger of a vicious workload circle 

beginningȢȱ (Jarvis et al., 2014, p.58) 2ÅÁÃÔÉÖÅÌÙȟ ÏÎ ÔÈÅ ÓÐÏÔȟ ÔÈÅ ȰÔask difficulty is the driver that 



Gliding an Airbus A320; Simplicity-Complexity Trade-Off 

12 
 

is least likely to be able to be reduced at the time; there is often no quick way to make a task less 

difficultȱȢ (Jarvis et al., 2014, p.60) 

 

2.6 Alternative shortcutting mechanisms: judgment heuristics 

To make an ALL ENGINES FAIL situation effectively manageable, it may be that the only 

technical solution is to decrease the difficulty of the critical task. It may require a proactive 

simplification of the procedure to a level commensurate with the foreseeable ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ 

workload management abilities, incorporating well-thought and trained shortcutting mechanisms 

in the form of judgment heuristics, as suggested by Hollnagel & Woods (2005): 

 
The strategies or tricks used to compensate for a shortage of time can conveniently be 

discussed under two headings, one in terms of the technical solutions available and the 

other in terms of the heuristics that people use to cope with the temporal complexity. 

(Hollnagel & Woods, 2005, p.170) 

Such judgment heuristics exist already but are not written anywhere. Passed on verbally 

as tacit knowledge, judgment heuristics are often seen as part of the broader colloquial concept of 

airmanship.  

 

2.7 Tacit knowledge and heuristics 

Tacit ËÎÏ×ÌÅÄÇÅ ȰÁÌÌÏ×Ó ÔÈÅ ÅØÐÅÒÔ ÔÏ ÉÄÅÎÔÉÆÙ ÅØÃÅÐÔÉÏÎÓȟ ÄÅÃÉÄÅȟ ÏÐÅÒÁÔÅȟ ÁÎÄ 

ÃÏÍÍÕÎÉÃÁÔÅȱ (Katerinakis, 2019, p.5). Vaughan refers to tacit knowledge ÁÓ ȰÁÎ ÉÎÔÕÉÔÉÖÅ 

ÃÏÇÎÉÔÉÖÅ ÐÒÏÃÅÓÓȱ (Vaughan, 2004), while 7ÉÌÓÏÎ Ǫ 3ÈÁÒÐÌÅÓ ÁÒÇÕÅ ÔÈÁÔ ÔÁÃÉÔ ËÎÏ×ÌÅÄÇÅ ȰÓÈÏÕÌÄ 

be seen as a form of knowledge that is more easily articulated in certain situations as opposed to 

ÏÔÈÅÒÓȱ. (Wilson & Sharples, 2015, p.190)  

The importance of considering the role of tacit knowledge in system design is addressed 

by de Vires & Bligård (2019). They locate its source within the actual performance of work and 

the practices it entails and ÑÕÅÓÔÉÏÎ ×ÈÅÔÈÅÒ ÔÈÉÓ ÔÙÐÅ ÏÆ ËÎÏ×ÌÅÄÇÅ ÃÁÎ ÂÅ ȰÃÁÐÔÕÒÅÄȱ ÏÒ 

ȰÒÁÔÉÏÎÁÌÉsÅÄȱ ÉÎ ÁÎ ÏÂÊÅÃÔÉÖÅ ÍÁÎÎÅÒ ÔÈÁÔ ÉÓ ÎÏÔ ÓÅÎÓÉÔÉÖÅ ÔÏ ÔÈÅ ÅØÐÅÒÉÅÎÃÅÓ ÏÆ ÔÈÏÓÅ ÅÎÇÁÇÉÎÇ ÉÎ 

the relevant work. The importaÎÃÅ ÏÆ ÓÕÃÈ ȰÃÁÐÔÕÒÅȱ ÏÆ ÔÁÃÉÔ ËÎÏ×ÌÅÄÇÅ ÁÎÄ ÏÆ ÂÅÉÎÇ ÁÂÌÅ ÔÏ ÐÁÓÓ 

it on to others cannot be overstated in the case of 

safety-critical domains ɀ such as aviation, nuclear, healthcare, offshore and maritime ɀ 

successfully capturing how essentials such as monitoring and controlling (e.g. Praetorius 

& Hollnagel, 2014; van Westrenen & Praetorius, 2012, as cited by de Vries & Bligård, 2019) 

and the use of tacit knowledge (Mikkers et al., 2012; Praetorius et al., 2015, as cited by de 

Vries & Bligård, 2019) are performed is therefore a pressing challenge for system design 

(Hoffman & Lintern, 2006, as cited by de Vries & Bligård, 2019). (de Vries & Bligård, 2019) 
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Tacit knowledge plays an important role in developing judgment heuristics, which are 

essential cognitive strategies for mentally economical decision making (Allspaw, 2015) based on 

feedforward or anticipatory control (Hollnagel & Woods, 2005, p.137). They are possible 

alternative shortcutting mechanisms (Jarvis et al., 2014) that may reduce the critical task 

difficulty , which ÍÁÙ ÆÒÅÅ ÕÐ ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙ ÔÏ manage the suddenly changed and 

increased cognitive workload and procedural task load.  

2.8 Joint Cognitive Systems 

As mentioned at the beginning of the chapter, the cockpit of an A320 is a complex socio-

technical system consisting of pilots, technology, procedures, environment, ATC, etc., all together 

to pursue safe air transport. Wilson & Sharples (2015) argue that the human is still at the controls 

of any complex socio-technical system. TÈÅ ÈÕÍÁÎȭÓ ÐÅÒÆÏÒÍÁÎÃÅ ÉÓ ÉÎÆÌÕÅÎÃÅÄ ÂÙ ÔÈÅ ÈÕÍÁÎȭÓ 

abilities, needs, and limitations. Successful products or work systems will usually show evidence 

that the needs of their users have been accounted for during design, implementation and 

operation. (Wilson & Sharples, 2015). The relation between the abilities, limitations, and needs of 

agents taking part in a socio-technical system is central to this research as it bridges the discussion 

from the individual crew level to a systemic level, where we can observe how the QRH procedure 

design ɀ and adding judgment heuristics to it as a possible alternative design ɀ can impact the 

outcome of the situation.  

ȰThe generation of alternatives, their characterisation, and finally the choice have each 

been the subject of much research in . . . human factors engineering. Yet it is only by considering 

them together, rather than as separate functions, that they make senseȢȱ (Woods & Hollnagel, 

2006, p. 46-47) Cognitive Systems Engineering (CSE) is using the notion of co-agency to offer 

precisely this perspective: the pilots, the aircraft, the environment, the landing runway, the QRH 

procedure and the judgment heuristics all part of a single system, a Joint Cognitive System (JCS) 

(Woods & Hollnagel, 2006).  

Ȱ&ÏÒ #3% ÔÈÅ ÁÂÉÌÉÔÙ ÔÏ ÍÁÉÎÔÁÉÎ equilibrium or to be in control is paramount. This in turn 

ÒÅÑÕÉÒÅÓ ÔÈÅ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ ÐÒÅÄÉÃÔÉÏÎÓ ÏÒ ÔÏ ÕÓÅ ÆÅÅÄÆÏÒ×ÁÒÄ ÃÏÎÔÒÏÌȱ (Hollnagel & Woods, 2005, 

p.46). In an ALL ENGINES FAIL situation, the pÉÌÏÔÓȭ ÁÂÉÌÉÔÙ ÔÏ control and make predictions of the 

aeroplane trajectory may be directly influenced by the information given to them by artefacts such 

as the manufacturer procedure or the judgment heuristics.  

 

2.8.1 Feedback & feedforward artefacts 

ȰControl requires the ability to compensate for differences between actual and intended 

states. This in turn requires the ability somehow to sense, measure, or perceive the difference.ȱ 

(Hollnagel & Woods, 2005, p.136)  

In the ALL ENGINES FAIL situation, sensing or perceiving the difference between the 

actual and the intended (operational engines) state is evident. At this point, measuring and 

compensating for differences requires a new reference point. Can the Airbus QRH procedure 

effectively offer such a reference point ɀ intended profile ɀ in the first place, and can the 

information provided by the procedure help pilots monitor, anticipate, and accommodate flight 

path trends promptly? The Joint Cognitive System framework can serve as a unit of measurement 
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for the efficacy of QRH and judgment heuristics as feedback and feedforward artefacts in the glide 

management and control process. 

Feedback takes time, and if time is in short supply something must be done to reduce the 

demands. The solution is feedforward or anticipatory control, which can be defined as 

acting on an expected deviation or a disturbance but before it has happened. (Hollnagel & 

Woods, 2005, p.137)   

In other words, my contention is that judgment heuristics may serve as feedforward 

artefacts, potentially allowing for better task performance under the severe time and 

psychological constraints of an ALL ENG FAIL situation. Using them, pilots may move from a 

scrambled to a tactical control mode (see section 2.4) to better achieve ÔÈÅ ÓÙÓÔÅÍȭÓ ÇÏÁl to land 

and stop on an available runway.  

 

The impact of judgment ÈÅÕÒÉÓÔÉÃÓ ÏÎ ÔÈÅ ÓÙÓÔÅÍȭÓ ÐÅÒÆÏÒÍÁÎÃÅ ÃÁÎ ÂÅ ÕÎÄÅÒÓÔÏÏÄ ÂÙ 

using the Contextual Control Model (COCOM) (Hollnagel & Woods, 2005, p.147), which articulates 

the basic dynamics of control and illustrates the principle of the control modes (p.148). 

 

2.8.2 Contextual Control Model (COCOM) 

 

Figure 5. Human solutions to alleviate time shortage (COCOM) (Hollnagel & Woods, 2005, p.174) 

 

On a general level, the model shows how actions depend on the current understanding 

(construct), which in turn depends on the feedback and information (events) received by 

the system, which in its turn depend on the actions that were carried out, thereby closing 

the circle. (Hollnagel & Woods, 2005, p.147) 
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All the elements discussed until now find their place in the three interactive COCOM core 

elements: action, construct, events/feedback.  

Following the onset of the event, the workload suddenly changes and increases. Pilots may 

face significant cognitive challenges: their cognitive abilities may significantly decrease, 

consequently increasing their needs for simplified and effective tools (commensurate with their 

contextual cognitive limitations (Wilson & Sharples, 2015)) that they can use to construct their 

situational awareness and help them make timely decisions that would dictate the actions that 

would have a direct impact on the system performance (Jarvis et al., 2014).  

The impact of the QRH procedure and the judgment heuristics artefacts can be assessed 

during the time to evaluate (TE) at the construct step of the COCOM, where the pilots construct 

their understanding of the energy state/environment/gliding distance based on which they can 

anticipate and accommodate trends (Gawron, 2008; Jarvis et al., 2014; Moriarty, 2015). As 

discussed in section 2.4, the QRH procedure may induce pilots into a scrambled control mode, 

while the addition of judgment heuristics may help them reach a much more desirable tactical 

control mode (Hollnagel & Woods, 2005) using the heuristic information as a feedforward 

artefact, as discussed in section 2.8.1.  

 

The pÉÌÏÔȭÓ subsequent actions on the aeroplane controls dynamically impact the 

aeroplane energy state and the gliding distance (Gawron, 2008). This process takes place during 

the time window (TW) allowed for execution/performance of actions (TP) (Hollnagel & Woods, 

2005). Considering that any action on the controls will impact the speed, the altitude, and the 

gliding distance, the pilots will need to continuously trade-off speed, altitude, and gliding distance 

to keep the aircraft  on the intended gliding profile.  

Re-evaluating the aeroplane state and comparing it to the intended profile will offer the 

necessary feedback (or more effective anticipated feedback) (Hollnagel & Woods, 2005) to re-

update the situational awareness; this will lead to a repetition of the cycle.  

Finally, using a Joint Cognitive Systems approach  (Hollnagel & Woods, 2005), the efficacy 

of the research object ɀ the Airbus A320 ALL ENGINES FAIL QRH procedure ɀ on the JCS 

performance can be assessed. The impact of adding judgment heuristics to the JCS can also be 

assessed by comparing the performance of two JCSs, one with and one without added judgment 

heuristics. 

 

 

Figure 6. Comparative research of Joint Cognitive Systems with and without the use of heuristics 
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Observing how pilots balance between using the complex QRH navigational information 

and the much more simplified heuristic information and how their choices impact the 

performance of the JCS can offer a good practical indication of procedural Simplicity-Complexity 

Trade-Off  (Hollnagel & Woods, 2005, p.82).  

The invitation to this experimental comparative research is formulated in the following 

question:  

3 Research Question 

How does the manufacturer QRH procedure contribute to the ÐÉÌÏÔÓȭ ÍÁÎÁÇÅÍÅÎÔ ÏÆ 

navigation in an ALL ENGINES FAIL situation at cruising altitude on board an Airbus A320, and 

can judgment heuristics that integrate tacit knowledge improve the task performance and the 

desired outcome? 
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4 Methodology and Methods 

To see how the use of judgment heuristics impacts the management of an ALL ENGINES 

FAIL at cruising altitudes simulation, we first need to observe how the situation is managed 

without heuristics . The observations take place in Airbus A320 simulators flown by volunteer 

airline pilots qualified on the Airbus A320. 

 

4.1 Methodology 

This research draws upon an experimental design perspective, a One Group Pretest-

Posttest design (Campbell & Stanley, 1963, p.7) which can be expressed in the following form: 

O1   X   O2 

An experimental variable (X), represented by judgment heuristics, is introduced, briefed, 

and practised between two observed simulations (O1 and O2). By comparing O1 with O2, an 

eventual difference caused by X can be assessed. While this methodology may be subject to a series 

of accuracy questions regarding internal and external validity (Campbell & Stanley, 1963), it is 

suitable to assess if X causes a rough negative, neutral, or positive change on O2.  

A more robust option would have been to use a One Group Pretest-Postest Control Group 

design (Campbell & Stanley, 1963, p.8), covering most of the accuracy oriented questions related 

to the internal and external results validity , particularly the potential effect of skilled learning, 

when pilots improve their performance by the simple repetition of the same scenario.   

R   O1   X   O2 

R   O1         O2  

Unfortunately, researching during the pandemic raises significant limitations in terms of 

pilots availability . I deliberately chose not to use a control group to keep the logistic workload 

manageable. The significance of the results obtained without using a control group is tested using 

paired samples t-tests (Ross & Willson, 2017, p.17).  

This research is underpinned by a Joint Cognitive Systems approach (Hollnagel & Woods, 

2005), where the unit of analysis is the flight-deck work system (which will be observed), and the 

object of the research is the Airbus A320 ALL ENG FAIL QRH procedure (Airbus, 2019d). By 

comparing observations 1 and 2, it is possible to determine if judgment heuristics (the 

experimental variable), as a feedforward artefact (Hollnagel & Woods, 2005) in addition to the 

Airbus QRH procedure, affect task performance.  

 

4.2 Methods  

This research uses qualitative and quantitative methods: document analysis, structured 

interviews, simulations, and questionnaires.  
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4.3 Experiment description 

This experiment is divided into three phases: pre-simulation, simulation, and post-

simulation, as depicted in Figure 7.  

 
Figure 7. Experiment description graph 
 

4.3.1 Pre-simulations 

Before the simulations, the participants must answer three questions as part of an initial 

structured interview designed to assess their familiarity and experience using simplified rules-of-

thumb to manage complex failures.  

 

4.3.2 Simulations 

Following the interviews, three simulations take place: 

1. Simulation 1 is counted as Observation 1 (O1). It is run without interruptions , and 

pilots use only the Airbus A320 QRH procedure. 

2. The experimental variable (X) ɀ a set of judgment heuristics ɀ is briefed following 

simulation 1 and practised during simulation 2. Simulation 2 does not count towards 

the research.  
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3. Simulation 3 is counted as Observation 2 (O2). It is run without interruptions , and 

pilots use the Airbus A320 QRH procedure, and optionally they can use the practised 

judgment heuristics.  

 

4.3.3 Post-simulation data collection and analysis 

The first and third simulation retrieved data results are compared with reference profiles 

derived from the Airbus QRH and the heuristics studied in this research. After the first and the 

third simulations, the crews are asked to fill identical questionnaire sets designed to measure the 

impact of judgment heuristics on their perceived Situational Awareness, Workload, and Decision 

Making (Gawron, 2008). The results are presented in tabulated form.   

The compared simulation and questionnaire results indicate the impact of judgment 

heuristics on the JCS (Hollnagel & Woods, 2005). 

 

4.4 Data collection 

4.4.1 Analysis of documents 

4.4.1.1 AIRBUS A320 documents.  

The manufacturer documents offered to the A320 pilots are the Aeroplane Flight Manual 

(AFM), Flight Crew Techniques Manual (FCTM), the Flight Crew Operations Manual (FCOM), the 

Minimum Equipment List (MEL) and the Quick Reference Handbook (QRH). These sources are 

always available in paper or electronic format. The QRH contains the ALL ENG FAIL procedure 

that the pilots use during the simulations and is presented in Appendix 1.  

There are many other sources of complementary information. I consider the AIRBUS 

Worldwide Instructor News (WIN) phone/tablet application, where numerous video tutorials are 

offered by AIRBUS instructors on various operational topics, the Flight Operations Briefing Notes 

ɀ CRM Aspects in Incidents/Accidents, the Flight Operations Briefing Notes ɀ Human Factors 

Aspects in Incidents/Accidents, and the Airbus Safety First training article ɀ Preparing Crews to 

Face Unexpected Events. (Airbus, 2004b, 2004a, 2015, 2019a, 2019c, 2019d; Charalambides, 

Tyrrell, & Norden, 2017; Woods & Sarter, n.d.) 

 

4.4.1.2 Other manufacturers documents 

The Bombardier CRJ 900 (Bombardier, 2019) and BAE AVRO 146RJ (British Aerospace, 

2007) ALL ENGINES FAIL procedure offer valuable comparative insights into procedure design. 

These are discussed using JCS feedback, feedforward, and timing effectiveness considerations. A 

comparison is made with the Airbus QRH procedure and with the judgment heuristics. 

 

4.4.2 Initial interviews 

During the initial structured interview, the pilots were individually requested to answer 

three questions before the start of the research: 
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1. During your formal and informal airline training, have you ever been taught simplified 

calculations (rules-of-thumb) that were not written anywhere in the company or 

manufacturer manuals, knowledge passed to you verbally? Can you please give 

examples? 

 

2. If yes, how did the use of such simplified rules contribute to your flight management 

in normal and/or abnormal situations? Please give one or more examples. 

 

3. Looking at the QRH ABN content list, which situations would you describe as most 

critical in terms of time available, loss of automation, descent profile, or any other? 

I designed these questions to understand the participants' previous knowledge and 

experience using simplified rules to manage complex failures and how this prior  knowledge may 

impact their abilities to manage the simulated situation. Additionally, the answers to the third 

question may indicate valuable directions for future research.  

The interview protocol is detailed in appendix 6, together with the interview 

transcriptions. The transcriptions are analysed using Content Analysis, and the results are 

summarised in tabulated form.  

 

4.4.3 Simulations 

The primary  artefacts used for the research are a certified fixed-base A320 simulator 

operated by the Wizz Air Pilot Academy at the Wizz Air Training Centre in Budapest, and a fixed-

base, non-certified A320 simulator, operated by the Flight Experience (FlightX) Company in Cluj-

Napoca, Romania (www.FlightX.ro). The decision to use this second simulator is financially and 

logistically based. I partly own this business, and it was, therefore, free of charge for unlimited 

use. My access to the Wizz Air simulator was limited by the time I was in Budapest for training 

duties and the available simulator slots. The technical details of both simulators are presented in 

appendix 2. The simulator scenarios, reference profiles, and protocols are detailed in chapter 5 of 

this dissertation.  

The comparative data obtained from the experimental simulations have been tabulated 

and used to generate visual analytical summaries that show how the incorporation of judgment 

heuristics has impacted the studied JCS (pilots, QRH, heuristics, aeroplane, environment, runway) 

as a feedforward artefact (Hollnagel & Woods, 2005).  

 

4.4.4 Questionnaires 

 

The pilots were requested to individually fill out an identical set of questionnaires 

following simulation 1, using only the Airbus QRH, and following simulation 3, using Airbus QRH 

+ judgment heuristics. The questionnaire aimed ÔÏ ÍÅÁÓÕÒÅ ÔÈÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ 3ÉÔÕÁÔÉÏÎÁÌ 

Awareness, Workload, and Decision Making using the following rating scales (Gawron, 2008): 

¶ China Lake Situational Awareness Rating Scale to measure Situational Awareness  

¶ Bedford Workload Scale to measure Workload 

¶ Modified Cooper-Harper Rating Scale to measure Decision-Making 
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These ÒÁÔÉÎÇ ÓÃÁÌÅÓ ÇÅÎÅÒÁÔÅ ÖÁÌÕÁÂÌÅ ÉÎÓÉÇÈÔÓ ÉÎÔÏ ÔÈÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÉÍÐÏÒÔÁÎÔ 

cognitive elements that may be impacted by the effects of sudden change and an increase in 

work load. The impact of the judgment ÈÅÕÒÉÓÔÉÃÓ ÏÎ ÐÉÌÏÔÓȭ ÐÅrceived management abilities can be 

measured by comparing the results of the questionnaires.  

The China Lake Situational Awareness Rating Scale measures three sub-components: 

1. knowledge of energy state/environment/gliding distance  

2. ability to anticipate or accommodate trends 

3. shedding of tasks 

These measurements add valuable human factors insights that ÁɊ ÇÌÉÍÐÓÅ ÉÎÔÏ ÔÈÅ ÐÉÌÏÔÓȭ 

cognitive abilities and limitations under the sudden increase of task-load (Jarvis et al., 2014; 

Neisser, 1976; Wilson & Sharples, 2015), and b) can be used in conjunction with the JCS Contextual 

Control Mode (COCOM) analytical framework to see how feedback and feedforward artefacts 

impact the work system (Hollnagel & Woods, 2005).  

The Bedford Workload Scale and The Modified Cooper-Harper Rating Scales results offer 

ÉÎÓÉÇÈÔÓ ÉÎÔÏ ÔÈÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ability to manage the situation. They can indicate how pilots, 

under time pressure, choose to use judgment heuristics to prioriti se high-level goals over detailed 

and complex procedural items, a practical application of simplicity-complexity trade-off 

(Hollnagel & Woods, 2005, p.82).  

Appendix 4 offers detailed information on how the questionnaires have been calibrated 

and used. 

 

4.5 Research ethics - information, consent, and confidentiality 
 

Important ethical considerations have been addressed with  the volunteer pilots 

participating  in this research.  Their written  consent was obtained.  As stated on the Lund 

University website (https://www.researchethics.lu.se), the participants received and understood 

relevant information, in accordance with the Ethical Review Act: 

 

¶ ȰThe overall plan for the research, 

¶ the purpose of the research, 

¶ the methods that will be used, 

¶ the consequences and risks that the research may entail, 

¶ the person responsible for the research, 

¶ that participation in the research is voluntary, and 

¶ that the research volunteer has the right  to terminate his or her participation  at any 

ÔÉÍÅȢȱ ɉ,ÕÎÄ 5ÎÉÖÅÒÓÉÔÙȟ 2019) 

The personal data collected for analysis was anonymised and was related only to rank 

(first  officer, captain, instructor,  examiner) and experience (total  flight  hours and flight  hours on 

the A320). The crew composition for each simulation was kept confidential. The research paper 

does not reveal any names, genders, nationalities, or any other aspects that would require an 

ethical review following  the Lund University and Swedish Ethical Review Authority  

requirements (Lund University, 2019). All the data has been stored on a separate external 

hard drive. 

https://www.researchethics.lu.se/
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5 Research Protocol, Simulation References & Scenarios 

This research aims to see how judgment heuristics (the experimental variable), as an 

addition to the Airbus A320 QRH procedure (the object of this research), impact the outcome of a 

Joint Cognitive System (pilots, Airbus A320 aeroplane and procedures, environment, and available 

runways) (Hollnagel & Woods, 2005) following an ALL ENGINES FAIL situation at cruising 

altitude. This requires a simulation environment that would create the conditions to measure the 

delta between two simulations and their  reference profiles. Observing the impact of the 

experimental variable as much as possible in isolation has been an important factor that needed 

to be considered when designing the research protocol and simulation scenario.  

Importantl y, in real life, the pilots may perceive an ALL ENGINES FAIL situation ÁÓ Ȱa flight 

condition that is confusing, sudden and potentially life threateningȱ (Moriarty, 2015, p.66). Such 

ÃÏÎÄÉÔÉÏÎÓ ÍÁÙ ÈÁÖÅ Ȱan immediate and sustained impactȱ ÏÎ ÐÉÌÏÔÓȭ ÁÂÉÌÉÔÉÅÓ ÔÏ ÍÁÎÁÇÅ ÃÏÇÎÉÔÉÖÅ 

workload and make ÄÅÃÉÓÉÏÎÓȟ ÁÓ ȰÁll mental capacity becomes focussed on the threat and/or the 

escape from itȱ (Jarvis et al., 2014, p.64), triggering possible startle and surprise effects. Startle is 

defined as Ȱa physiological effect to a sudden, intense, or threatening stimulusȱȟ ×ÈÅÒÅÁÓ ȰÓÕÒÐÒÉÓÅ 

is an emotional and cognitive response to unexpected events that are (momentarily) difficult to 

ÅØÐÌÁÉÎȟ ÆÏÒÃÉÎÇ Á ÐÅÒÓÏÎ ÔÏ ÃÈÁÎÇÅ ÈÉÓ ÏÒ ÈÅÒ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÔÈÅ ÓÉÔÕÁÔÉÏÎȱ ɉ&ÏÓÔÅÒ Ǫ +ÅÁÎÅȟ 

2015; Meyer, Reisenzein, & Schuetzwohl, 1997; Schuetzwohl, 1998; Teigen & Keren, 2003, as cited 

by Landman et al., 2017a).  

In this chapter, I explain how the simulation scenario and the research protocol have been 

designed to minimi se the potential effects of startle and ÓÕÒÐÒÉÓÅ ÏÎ ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙ ÏÒ 

the eventual impact of other variables such as weather conditions or air traffic control 

instructions.  

I will also explain how I have derived two separate reference profiles (Airbus QRH and 

heuristics) and their  associated measurement points to assess the altitude/distance/ speed 

differences between the actual and intended reference gliding profiles.  

ȰControl requires the ability to compensate for differences between actual and intended 

states. This in turn requires the ability somehow to sense, measure, or perceive the difference.ȱ 

(Hollnagel & Woods, 2005, p.136) It is important to emphasise that the research uses the 

simulation data to measure and compare the performance of the JCS and uses the questionnaires 

ÒÁÔÉÎÇÓ ÔÏ ÍÅÁÓÕÒÅ ÁÎÄ ÃÏÍÐÁÒÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÐÔÉÏÎ ÏÆ ÓÉÔÕÁÔÉÏÎÁÌ Á×ÁÒÅÎÅÓÓȟ ×ÏÒËÌÏÁÄȟ ÁÎÄ 

decision-making (Gawron, 2008).  

The performance of the JCS is assessed by comparing two separate sets of differences 

(deviations) of actual profiles (SIM 1 and SIM 3) from two separate intended profiles, the Airbus 

QRH derived profile (used for SIM 1), and the heuristics derived profile (used for SIM 3).  

A visual summary of how the retrieved data is referenced and compared is presented in 

Figure 8 below: 
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Figure 8. Data analysis; reference and comparison summary 
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5.1 Simulation scenario 

The simulations were conducted using an Airbus A320 setup with IAE engines, at 63 tons, 

including 5 tons of fuel on board (the equivalent of more than 2 hoursȭ flight time). The wind was 

calm, the sky was clear, it was daytime, and the temperature and barometric pressure were 

standard, according to the International Standard Atmosphere (ISA) (ISO, 1975). There was no 

weather variation during the simulations. 

The initial position for the start of the simulation was set at Flight Level5 (FL) 350, between 

Vienna and Budapest, South of Bratislava, as detailed in Appendix 3. The engines failed one by one 

at short time intervals, and pilots could not restart them. The simulator operator answered all the 

radio and cabin calls, taking the Air Traffic Controller (ATCO) and Senior Cabin Attendant (SCA) 

role.  

If the crew requested radar vectors, the simulator operator cleared the crew to self-

position for any desired runway in Vienna, Bratislava, or Budapest, to avoid any interference with 

the piÌÏÔÓȭ navigational profile calculations and decisions.  

The crews used two printed  Wizz Air QRH Ȭ!,, %.' &!),ȭ ÐÒÏÃÅÄÕÒÅÓ, version from 4 

September 2019 (Airbus, 2019d, ABN 19.01A). This procedure is presented in appendix 1.  

Each simulation took approximately 30 minutes.  

 

5.1.1 Plotting the flight path and extracting the simulation data  

The final plot of the simulation profile is inferred from multiple sources, depending on the 

simulator that was used. Detailed information about this process is presented in appendix 3.  

 

5.2 Research protocol 

The following research protocol allowed me to conduct this research following  the Lund 

University requirements and ethical considerations: 

1. All contacted pilots have expressed written consent to take part in the research. They 

were sent a briefing package in the form of a PDF file containing links to: 

 

a) A welcome introductory video  

b) Information regarding the ethical research considerations following Lund 

5ÎÉÖÅÒÓÉÔÙȭÓ ÒÅÓÅÁÒÃÈ ÅÔÈÉÃÁÌ ÒÅÑÕÉÒÅÍÅÎÔÓ ÐÒÅÓÅÎÔÅÄ ÏÎ ÔÈÅ ,ÕÎÄ 5ÎÉÖÅÒÓÉÔÙ 

website: https://www.researchethics.lu.se, for which explicit consent was 

requested. 

c) An online pilot data sheet where each pilot filled out the experience data. 

d) A video in which I brief the research structure and flow. 

 
 

5 Flight Level (FL) 350 = 35000 feet above mean sea level when the pressure at sea level is 1013.2 hPa.  

https://www.researchethics.lu.se/
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e) Access to an online interview platform where the pilots recorded their answers to 

the three questions constituting the initial interview . 

f) A video where I explain the rating scales (Gawron, 2008) that were used in the 

questionnaires that would follow simulations 1 and 3. 

 

The briefing package contained PDF versions of all the rating scales used for the 

questionnaires and the table of contents of the QRH ABN chapter (Airbus, 2019d, ABN 

19.01A), which was needed to answer question number three in the online interview. 

These documents are detailed in appendix 4.  The package also contained the exact 

version of the ALL ENG FAIL QRH procedure (Airbus, 2019d, ABN 19.01A) used during 

the simulations.  

 

2. When the pilots arrived at the simulator venue, they were handed the printed versions 

of the rating scales and, if needed, further clarification was given. They received the 

printed version of the ALL ENG FAIL QRH procedure. The pilots were briefed in detail 

when and where the failure will occur to minimise the potential effects of startle and 

surprise ÏÎ ÃÒÅ×Óȭ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙ (Jarvis et al., 2014; Landman et al., 2017a; 

Moriarty, 2015; Rankin et al., 2016; Rankin et al., 2013), They were also reminded how 

the primary  and additional tasks were defined: 

Primary Task:  

¶ To successfully land and stop the aeroplane on a runway 

¶ PF: control the energy and keep it on a gliding profile that would enable a 

successful landing on a runway 

¶ PM: perform all ECAM and QRH items 

 

Additional Tasks: 

¶ PF: communicate with ATC, SCA and PAX and MONITOR PM's actions 

(ECAM/QRH) 

¶ PM: assist PF with calculating & monitoring the descent profile, configuring 

the aeroplane for landing, and with required callouts to the cabin 

Pilots were allowed sufficient time to discuss and familiarise themselves with the QRH 

procedure, and when they felt ready, they were invited to proceed in the simulator.  

3. In the simulator, the aeroplane was pre-positioned on the threshold of Runway (RWY) 

11 in Vienna. The pilots performed a normal take-off and continued flying on the 

runway heading until reaching 40NM DME6 from VIE RWY 29. At this point, the 

position was frozen to save time; they were electronically climbed to FL 350. This 

process was repeated for each simulation, partly  due to the set-up limitations of both 

simulators, but mainly to allow the crew to mentally enter ȬÆÌÉÇÈÔ ÍÏÄÅȭ ÆÏÌÌÏ×ÉÎÇ Á 

typical sequence (take-off, climb, cruise). 

 
 

6 Distance Measuring Equipment (DME) is a navigational beacon enabling pilots to measure their distance 
from that beacon.  
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4. SIMULATION 1: the simulator was unfrozen when the pilots reported ready. Engines 

failed one by one, and the crew had to manage the situation using only the Airbus QRH 

ALL ENG FAIL procedure (Airbus, 2019d, ABN 19.01A). The simulation was conducted 

without interruptions .  

 

5. After SIMULATION 1 was completed, the pilots were requested to use their mobile 

phones and follow an online link to QUESTIONNAIRE SET 1, where they had to rate 

their perceived Situational Awareness, Workload, and Decision-Making (Gawron, 

2008). 

6. HEURISTIC BRIEFING. The crews in Cluj-Napoca were briefed remotely by me through 

a recorded video that was played on a large screen TV in the FlightX briefing room. 

The crews in Budapest were briefed live by me, using a whiteboard in a Wizz Air 

Training Centre briefing room. I have presented the same information in the live 

briefings as well as in the recorded briefings. No additional checklist was produced. 

 

7. SIMULATION 2 was used for practising the briefed heuristics. Following the same 

take-off and positioning sequence described at point 3, the crews were guided on how 

to practically apply the heuristics to calculate and control the glide after the failure 

onset. This simulation was occasionally interrupted for clarification purposes. The 

guidance offered was strictly limited to the mental calculation of distance and altitude 

without off ering any decision suggestions.  

 

8. SIMULATION 3: following the same take-off and positioning sequence described at 

point 3, the simulator was unfrozen when pilots reported ready. They had to manage 

the situation using the Airbus QRH procedure (Airbus, 2019d, ABN 19.01A) and 

judgment heuristics. This simulation was conducted without interruptions.  

 

9. After SIMULATION 3 was completed, the pilots were requested to use their mobile 

phones and follow another online link to QUESTIONNAIRE SET 2. According to their 

perception during the simulation, they had to re-rate their Situational Awareness, 

Workload, and Decision-Making (Gawron, 2008). QUESTIONNAIRE SET 2 contained 

identical rating scales as QUESTIONNAIRE SET 1.  

 

5.3 Reference profiles and measurement points 

Considering that the Airbus QRH and the studied judgment heuristics are presented 

differently, two reference profiles had to be defined to allow deviation measurements of various 

simulations profile parameters. The first reference profile had to be derived following the Airbus 

A320 QRH ALL ENG FAIL (Airbus, 2019d, ABN 19.01A) procedure analysis, and the second was 

derived from the studied judgment heuristics. From these reference profiles, I have extracted the 

measurement points used to compare the simulation profiles. These measurement points are 

essential elements for this research and will be explained in this sub-chapter. Importantly, 

SIMULATION 1 was referenced to the Airbus QRH derived reference profile, while SIMULATIONS 

2 and 3 were referenced to the heuristics derived profile. The study compares the magnitude of 

deviations from the associated reference profiles.  
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5.3.1 The A320 QRH procedure analysis 

When looking at the Airbus A320 ALL ENG FAIL QRH procedure (Airbus, 2019d, ABN 

19.01A), the following discussion is based on two important assumptions:  

1. The procedure is designed to offer step-by-step guidance to relight the engines, if 

possible 

2. If engines cannot be restarted and if airports are available and within the estimated 

gliding range, the procedure will offer effective navigational guidance to the pilots so 

they may ideally land on a runway.  

This research aims to see how the pilots manage a glide following all engine failure and 

land and stop on a reachable runway; hence, the second assumption is paramount. It is essential 

to look at this procedure to understand how I derived a coherent descent profile and the reference 

points based on which the simulations were analysed. 

The Airbus QRH procedure (Airbus, 2019d, ABN 19.01A) does not present a coherent 

gliding profile. It offers separate gliding information for three different flight conditions: 280 KT, 

Green Dot speed, and landing configuration.  

The first glide calculation information starts at step 6 in the check list:  

ȰGLIDING DISTANCE 2 NM/1000 FTȱ (p. ABN 19.01A) 

Two pages later in the checklist, below FL200 with APU running and flying at the Green 

Dot speed, the calculation changes to:  

ȰGLIDING DISTANCE AT GREEN DOT: 2.5NM/1000FTȱ (p. ABN 19.03A) 

Two pages down the checklist, if a forced landing is anticipated (not ditching) for the 

final approach: 

ȰDESCENT SLOPE (CONG2, L/G DOWN) 1.6NM/1000FTȱ (p. ABN 19.05A) 

For an easier understanding, I have visually depicted these disconnected pieces of 

informatio n in Figure 9:  

Figure 9. QRH derived descent profiles diagram  (Airbus, 2019d) 
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With such disconnected pieces of information, with deceleration and configuration 

segments not considered, I argue that the procedure offers limited support for pilots to calculate 

and monitor their gliding profile. I have contacted Airbus to request more details about the 

procedure design, but I have not received an answer.  

 

5.3.2 Deriving a connected Airbus A320 QRH profile 

To create a connected reference gliding profile from FL350 based on the QRH procedure 

information, assuming that the aeroplane is already at 280 KT at FL350, we need to decide the 

following: 

a) When and how to transition from 280 KT to green dot speed 

b) When and how to transition from green dot speed to landing configuration 

I have derived these deceleration segments based on my real aeroplane and simulator 

experience. Generally, for level deceleration segments, I was taught to use 1NM/10KT 

deceleration in clean configuration with engines running at idle thrust and double that rate with 

speed brakes or gear down. In the simulation scenario, the aeroplane has a Gross Weight of 63 

tons. Interpolating the QRH procedure performance tables, we can obtain: 

¶ Green dot speed at or below FL200 = 206 KT (Airbus, 2019d, ABN 19.03A) 

¶ VAPP = 166 KT (Airbus, 2019d, ABN 19.04A) 

Having defined these two necessary operational speeds, we can roughly estimate the deceleration 

segments: 

a) 280 KT to 206 KT (green dot) in a 7,4NM level flight segment at FL200 if the engines 

would be running at idle power, providing idle thrust. In our simulation, however, the 

engines are windmilling and therefore may be creating additional drag. To be 

conservative in this case, based solely on my estimation, I subtract 1/3 of this 

deceleration segment and round it up to 5NM. 

b) 206 KT (green dot) to VAPP 166 KT in a 2NM level flight segment at 3000ft AAL with 

gear down 

In Figure 10, I attempt to visualise a connected gliding profile derived from the A320 QRH 

information:  
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Finally, to measure the deviations of simulation profiles flown using only the Airbus QRH 

procedure, I have chosen the following  altitude/distance/speed  reference points: 

ALTITUDE/FL DISTANCE SPEED 
FL350 84 NM 280 KT 
FL200 49 NM 206 KT 
FL100 24 NM 206 KT 
3000 FT   5 NM 166 KT 
50 FT   0 (AT THRESHOLD) 166 KT 
   

Table 2. Airbus QRH derived profile - measurement points 
 

5.3.3 The heuristic profile 

Quite a few years ago, during one of my recurrent A320 simulator briefings run by a senior 

British  ÅØÁÍÉÎÅÒȟ ) ×ÁÓ ÐÒÅÓÅÎÔÅÄ Á ÓÉÍÐÌÉÆÉÅÄ ȬÒÕÌÅ-of-ÔÈÕÍÂȭ ÔÏ ÃÁÌÃÕÌÁÔÅ ÁÎÄ ÍÏÎÉÔÏÒ ÁÎ !,, 

ENG FAIL descent profile:  

Ȭ"ÅÌÏ× &,ςππ, take our altitude (thousands of feet) and multiply it by two to get your 

distance. Your target is to be at 6000ft 12NM out when your aiming point should be the far end of 

the runway. Around 3000ft lower the gear. The aeroplane ×ÉÌÌ ȬÓÉÎËȭ ÎÉÃÅÌÙ ÉÎ ÔÈÅ ÔÏÕÃÈ-down 

ÚÏÎÅȢȭ  This is not an exact quote. It is what I remember.  

This heuristic using a simple rule to calculate and monitor their gliding profile for a 

straight-in approach can be summarised in the following formula: 

Altitude (thousands of feet) x 2 = Distance (NM) 

This approach seems to be making a rough average between the three types of calculation 

offered by the Airbus QRH: 

(2+2.5+1.6)/3NM per 1000ft descent = approximately 2NM/1000ft  

Figure 10. QRH derived gliding profile 
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This is a simplified and incorrect average, as the times spent in descent at high speed, at 

green dot speed and on the final approach are not equal. However, it is conservative. A significant 

part of the descent, below FL200 to configuring for final approach, is spent at green dot speed, 

where Airbus QRH estimates 2.5NM/1000ft, which is more than what the heuristic is saying. 

During the glide at green dot speed, this excess of energy can be managed using speed brakes 

and/or extending the landing gear earlier.  

Importantly, t he heuristic assumes that the transition from green dot speed to landing 

configuration is done in continuous descent, without a level-off segment, as pilots usually do in 

normal operations, preferring a constant descent approach. 

 

The heuristic incorporates information on when to lower the gear and where to choose 

ÔÈÅ ÖÉÓÕÁÌ ÁÉÍÉÎÇ ÐÏÉÎÔȢ )Ô ÕÓÅÓ ÔÈÅ φπππÆÔȾρς.- ȬÇÁÔÅȭ ×ÈÅÒÅ, on a typical straight-in approach in 

visual meteorological conditions (VMC), the pilots would be able to see the runway. At this point, 

the pilots are advised to aim for the far end of the runway, which is counter-intuitive, until they 

reach 3000ft/6NM. Around this point, they should lower the landing gear while maintaining the 

gliding ratio of 2NM/1000ft. With the additional drag, the aeroplane would start decelerating 

towards VAPP. In the final stages of the approach, the pilots intuitively adjust their aiming point 

while prioritizing maintaining a high enough approach speed, ideally the VAPP.  

The heuristic discussed is most useful in a straight-in approach at and below FL200 (as 

depicted in Figure 11). At this point on the descent, the aeroplane is already flying at or close to 

the green dot speed. The heuristic enables the pilots to quickly know if they are high or low on 

their profile, hence increasing their ability to monitor and accommodate trends (Gawron, 2008; 

Hollnagel & Woods, 2005). 

The heuristic proposes a glide of 2NM/1000FT while flying at green dot speed (206 KT for 

the simulated weight), which is the same as the Airbus QRH data for flying 280 KT.  

We can see that the heuristic profile is almost 20% more conservative than the QRH 

profile . From FL200, the QRH derived profile estimates 49NM gliding distance, and the heuristic 

profile estimates 40NM. Managing the extra energy is achievable by deploying the speed brakes.  

Figure 11. Heuristic gliding profile below FL200 compared to the Airbus QRH profile 
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We can define a heuristic gliding reference as follows at and below FL200: 

ALTITUDE/FL DISTANCE SPEED 

FL200 40 NM 206 KT 
FL150 30 NM 206 KT 
FL100 20 NM 206 KT 
6000 FT 12 NM 206 KT 
3000 FT   6 NM 166 KT 
50 FT   0 (AT THRESHOLD) 166 KT 

 
Table 3. Heuristic derived profile - measurement points 

While this heuristic straight-in approach can work in still wind or with some headwind 

conditions, in a tailwind condition, it may become very challenging to maintain the profile without 

excessive acceleration.  In such a case,  there is a circling approach that can be used (Figure 12).  

 

 

 

 

 

 

 

 

  

Figure 12. Heuristic circling profile 
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6 Results 

This chapter presents the participantsȭ demographic data and the results of the initial 

interviews, simulation profiles, and questionnaires, followed by a brief result analysis and 

synthesis that will constitute the base for the subsequent discussion chapter.  

 

6.1 Crew sample size and characteristics 

Twenty-four airline pilots  took part in this research project. They formed 12 crews that 

took part in 12 simulations. Out of these 12 simulations, only eight are counted for the research 

results and analysis. The first three simulations are not counted. They were needed for testing and 

fine-tuning the research protocol. Crew number 8 is also not counted in the results as they did not 

manage to perform SIMULATION 3 due to a combination of simulator technical issues and COVID-

19 curfew restrictions in Budapest. 

The following demographic details concern a population of 16 pilots who constituted crew 

number 4, 5, 6, 7, 9, 10, 11, and 12. These crews took part in simulations that counted towards the 

research. The piÌÏÔÓȭ ÒÁÎË ÁÎÄ ÅØÐÅÒÉÅÎÃÅ ÁÒÅ ÔÁÂÕÌÁÔÅÄ ÁÓ ÆÏÌÌÏ×Óȡ 

Rank % Nr of pilots 

FO 12,50% 2 

SFO 37,50% 6 

CPT 43,75% 7 

LTC 18,75% 3 

CARM 6,25% 1 

TRI 6,25% 1 

TRE 0,00% 0 

Table 4. Pilot classification by rank 

 

Experience type Average hours 

Total flight hours 5969,2 

Total airline PIC hours 2975,0 

A320 total flight hours 4170,6 

A320 total PIC hours 2066,7 

Table 5. Pilot average experience 
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6.2 Initial interviews 

During the initial structured interview, all 18 participants answered that they have been 

taught and used rules-of-thumb throughout their career as airline pilots. The examples they gave 

are tabulated as follows: 

 

Table 6. Initial interview ɀ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÒÅÓÐÏÎÓÅÓ ÁÂÏÕÔ ÐÒÅÖÉÏÕÓÌÙ ÌÅÁÒÎÅÄ ÁÎÄ ÕÓÅÄ ÈÅÕÒÉÓÔÉÃÓ 

The participants mentioned the following situations when asked to look at the QRH 

ABNORMAL AND EMERGENCY PROCEDURES TABLE OF CONTENTS (Airbus, 2019d, ABN) and 

choose the situations that they perceive as most critical in terms of time available, loss of 

automation, descent profile, and other: 

  

Table 7. Initial interview - participants' opinion about 'the most critical situations' in the Airbus 
QRH 

0 2 4 6 8 10 12

DESCENT CALCULATION

VERTICAL SPEED CALCULATION

GEAR EXTENSION TO BE STABILIZED

1 IN 60 RULE

ALL ENG FAIL

VOR DME ARC

FUEL CALCULATION

USING 'GATES'

MPS TO KT

OPT CRZ LVL CALCULATION

Ih¢ ²9!¢I9w w!¢9 hC 59{/9b¢Χ

RATE OF TURN CALCULATION

Frequency

Question 2

0 2 4 6 8 10 12

ALL ENG FAIL

UNRELIABLE SPEED

SMOKE/FUMES/AVIONICS SMOKE

EMERGENCY DESCENT

ELECTRICAL EMERGENCY CONFIGURATION

ALL ENG FAIL AT LOW ALTITUDES

BOMB ON BOARD

ENG FAIL

FUEL LEAK

DITCHING

FORCED LANDING

VOLCANIC ASH ENCOUNTER

ENGINE TAILPIPE FIRE

Frequency

Question 3
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6.3 Simulations 

Google Earth screenshots of all simulated profiles, including detailed tabulated data for 

the eight comparative simulations and questionnaires, are presented in appendix 5. Details about 

how the simulation data has been retrieved are presented in appendix 3.  

In this subchapter, IAS and DME variation around the reference profiles data summaries 

and paired samples t-tests (Ross & Willson, 2017) are presented in tabulated form. Visual plots 

are also presented for an easier understanding of how these parameters varied throughout the 

descent. 

DELTA IAS 

 20000 FT  10000 FT  3000 FT 

 SIM 1 SIM 3  SIM 1 SIM 3  SIM 1 SIM 3 
CREW 4 14 70  14 6  0 13 
CREW 5 8 6  -6 5  27 32 
CREW 6 24 14  34 21  9 18 
CREW 7 76 4  24 -2  -6 -3 
CREW 9 2 72  38 70  41 -21 
CREW 10 115 94  106 87  37 27 
CREW 11 12 67  -26 122  24 -7 
CREW 12 81 124  9 104  35 -5 

         
t-test: Paired Two Sample for Means 

         
Mean 41.5 56.375  24.125 51.625  20.875 6.75 
Variance 1824 1943.98  1534.98 2479.12  315.839 343.642 
Pearson Correlation 0.360626   0.029467   -0.12499  
Hypothesized Mean 
Difference 0        
df 7        
t Stat -0.85705   -1.24564   1.46682  
P(T<=t) two-tail  0.419786   0.252971   0.18585  
t Critical two-tail  2.364624        

Table 8. IAS variation around reference profiles and t-test results 
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Figure 13 shows the variation in IAS (KT) around the Airbus QRH profile at 3000ft, FL100, 

and FL200, for simulations that used Airbus QRH only.  

 

Figure 13. IAS variation around the Airbus QRH profile ɀ simulations using Airbus QRH only 

 

Figure 14 shows the variation in IAS around the heuristic profile  at 3000ft, FL100, and 

FL200, for simulations that used Airbus QRH + Heuristics.  

 

Figure 14. IAS variation around the heuristics profile ɀ simulations using Airbus QRH + 
Heuristics 
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DELTA DME 

 20000 FT  10000 FT  3000 FT 

 SIM 1 SIM 3  SIM 1 SIM 3  SIM 1 SIM 3 

CREW 4 14.07 19  0.5 3.7  -1.24 -0.55 

CREW 5 2.4 16.2  -10.5 -4.4  -1.66 -2.22 

CREW 6 1.3 -10.7  -2.25 -1.4  1.2 -0.3 

CREW 7 -0.95 2.5  -1.36 -0.2  1.48 -1.03 

CREW 9 -0.82 21.53  -5.54 7.04  -0.25 -0.87 

CREW 10 -9 2.75  0 4.04  5.9 -0.1 

CREW 11 -0.5 -6.92  -12.02 1.5  -1.39 -0.6 

CREW 12 8 2.84  -2.74 1.47  -0.18 0.01 

         
t-test: Paired Two Sample for Means        

         
Mean 1.8125 5.9  -4.23875 1.46875  0.4825 -0.7075 

Variance 46.5655 141.822  22.3365 12.5837  6.12830 0.50062 

Pearson Correlation 0.330752   0.342696   0.462726  
Hypothesized Mean 
Difference 0        
df 7        
t Stat -0.99639   -3.33511   1.50405  
P(T<=t) two-tail  0.35224   0.01250   0.17627  
t Critical two-tail  2.36462        

Table 9. DME variation around reference profiles and t-test results 
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Figure 15 shows the distance variation (DME) around the QRH profile at 3000ft, FL100, 

and FL200, for simulations that used Airbus QRH only.  

 

Figure 15. DME variation around the Airbus QRH profile ɀ simulations using Airbus QRH only 

 

Figure 16 shows the distance variation (DME) around the heuristic profile at 3000ft, 

FL100, and FL200, for simulations that used Airbus QRH + Heuristics.  

 

Figure 16. DME variation around the heuristic profile ɀ simulations using Airbus QRH + 
Heuristics  
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The simulations that used heuristics indicate that pilots managed to improve the control 

accuracy during the descent, more notably in the later stages of the descent, when the time and 

altitude resources are narrowing down to zero at touch down. Figure 16 shows how actual profiles 

converged towards the heuristic reference profile, indicating that pilots were able to effectively 

anticipate and accommodate flight path trends (Gawron, 2008), demonstrating a significantly 

improved ability to adjust the profile, trading off speed to come closer to the distance 

(DME)/altitude reference. The speed variation around the heuristic profile (Figure 14) indicates 

that pilots managed to be closer to the heuristic reference profile when approaching the ground. 

Tables 8 and 9 indicate decreasing P values of the t-tests in the later stages of the glide for 

both IAS and DME variations data (Figures 13, 14, 15, and 16).  It can be concluded that the 

difference made by adding judgment heuristics to the Airbus procedure becomes more significant 

in the later stages of the glide.  

Finally, suppose we are to analyse the performance of the JCS (Hollnagel & Woods, 2005) 

(aeroplane, pilots, procedures, environment, available runways) in terms of reaching or not the 

desired outcome (landing and stopping on a reachable runway). In that case, the results are as 

follows: 

0=crashed landing, 1=successful landing 

 SIM 1 SIM 3 

CREW 4 0 1 

CREW 5 0 1 

CREW 6 0 1 

CREW 7 0 1 

CREW 9 1 1 

CREW 10 0 1 

CREW 11 1 1 

CREW 12 1 1 

   
t-test: Paired Two Sample for Means  

   
Mean 0.375 1 

Variance 0.267857 0 

Observations 8 8 

Hypothesized Mean Difference 0  
df 7  
t Stat -3.41565  
P(T<=t) two-tail  0.011201  
t Critical two-tail  2.364624  

Table 10. Simulation outcomes t-test 

This t-test indicates that the judgment heuristic addition to the manufacturer procedure 
made a significant difference in the JCS's desired performance (Hollnagel & Woods, 2005).  
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6.4 Questionnaires 

The pilots had to individually fill out an identical set of questionnaires after their first 

simulation (using only the Airbus QRH and referred to as thÅ Ȭ!ÉÒÂÕÓ 12( 3ÉÍÕÌÁÔÉÏÎȭɊ ÁÎÄ ÁÆÔÅÒ 

their third simulation (using the Airbus QRH and the briefed and practised judgment heuristics 

ÁÎÄ ÒÅÆÅÒÒÅÄ ÁÓ ÔÈÅ Ȭ(ÅÕÒÉÓÔÉÃs 3ÉÍÕÌÁÔÉÏÎȭɊȢ Each questionnaire contained three rating scales 

(Gawron, 2008): 

¶ China Lake Situational Awareness Rating Scale 

¶ Bedford Workload Scale 

¶ Modified Cooper-Harper Rating Scale to measure navigational decision-making effort 

The results are as follows: 

 

6.4.1 China Lake Situational Awareness Rating Scale 

Pilots have rated their perceived situational awareness at FL300, FL200, FL100, 6000ft. 

The following graphs depict the ÐÉÌÏÔÓȭ 3! ÐÒÏÇÒÅÓÓÉÏÎ ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ ÇÌÉÄÅȢ 

 

Figure 17. Results: China Lake Situational Awareness Rating Scale - Airbus QRH simulation 

 

6000

30000

1 1.5 2 2.5 3 3.5 4 4.5 5

A
lti

tu
d

e

Very good             SA rating value Very poor

China Lake SA Rating Scale - Airbus QRH Simulation

CREW 4

CREW 5

CREW 6

CREW 7

CREW 9

CREW 10

CREW 11

CREW 12



Gliding an Airbus A320; Simplicity-Complexity Trade-Off 

40 
 

 

Figure 18. Results: China Lake Situational Awareness Rating Scale - Heuristics Simulation 

CHINA LAKE SA RATING SCALE (AVG) RESULTS 

ALT SIM 1 SIM 3 

30000 2.9375 3.625 

20000 2.6875 3.625 

10000 2.125 3.5625 

6000 1.875 3.375 

   
t-test: Paired Two Sample for Means  

   
Mean 2.40625 3.546875 

Variance 0.240885 0.013997 

Observations 4 4 

Pearson Correlation 0.863318  
Hypothesized Mean Difference 0  
df 3  
t Stat -5.80145  
P(T<=t) two-tail  0.010192  
t Critical two-tail  3.182446  

Table 11. China Lake SA Rating Scale crew average results and t-test results 

Comparing the two situational awareness rating scales in Figures 17 and 18, the t-test 

results in Table 11 indicate that judgment ÈÅÕÒÉÓÔÉÃÓ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÉÍÐÒÏÖÅÄ ÔÈÅ ÃÒÅ×Óȭ ÐÅÒÃÅÉÖÅÄ 

situational awareness (knowledge of energy state/environment/gliding distance, and ability to 

anticipate or accommodate trends) (Gawron, 2008).  
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6.4.2 Bedford Workload Scale 

The pilots rated their perceived cognitive effort to manage the workload as follows: 

 

Figure 19. Pilots' rating on the perceived effort to manage the workload  

BEDFORD WORKLOAD RATING SCALE 

 SIM 1 SIM 3 

CREW 4 10 3 

CREW 5 8.5 4.5 

CREW 6 10 3 

CREW 7 10 3 

CREW 9 5.5 3 

CREW 10 10 3 

CREW 11 3 3 

CREW 12 7.5 3.5 

   
t-test: Paired Two Sample for Means  

   
Mean 8.0625 3.25 

Variance 6.816964 0.285714 

Observations 8 8 

Pearson Correlation 0.038386  
Hypothesized Mean 
Difference 0  
df 7  
t Stat 5.14642  
P(T<=t) two-tail  0.001329  
t Critical two-tail  2.364624  

Table 12. Bedford Workload Rating Scale crew average results and t-test results 

Comparing the workload rating results in Figure 19, the t-test results in Table 12 indicate 

that judgment ÈÅÕÒÉÓÔÉÃÓ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÉÍÐÒÏÖÅÄ ÔÈÅ ÃÒÅ×Óȭ ÐÅÒÃÅÉÖÅÄ ÁÂÉÌÉÔÙ ÔÏ ÍÁÎÁÇÅ ÔÈÅir  

workload.  
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6.4.3 Modified Cooper-Harper Rating Scale to measure Decision-Making 

The pilots rated the decision-making difficulty as follows: 

 

Figure 20. Pilots' rating on the perceived difficulty to make effective navigational decisions 

MODIFIED COOPER-HARPER RATING SCALE 

 SIM 1 SIM 3 

CREW 4 9 3 

CREW 5 7.5 3 

CREW 6 10 3 

CREW 7 10 3.5 

CREW 9 6 3 

CREW 10 10 4 

CREW 11 3 2 

CREW 12 8 3 

   
t-test: Paired Two Sample for Means  

   
Mean 7.9375 3.0625 

Variance 6.03125 0.316964 

Observations 8 8 

Pearson Correlation 0.829805  
Hypothesized Mean Difference 0  
df 7  
t Stat 6.848583  
P(T<=t) two-tail  0.000242  
t Critical two-tail  2.364624  

Table 13. Modified Cooper-Harper Rating Scale crew average results and t-test results 

Comparing the decision-making rating results in Figure 20, the t-test results in Table 13 

indicate that judgment ÈÅÕÒÉÓÔÉÃÓ ÓÉÇÎÉÆÉÃÁÎÔÌÙ ÉÍÐÒÏÖÅÄ ÔÈÅ ÃÒÅ×Óȭ ÐÅÒÃÅÉÖÅÄ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ 

effective navigational decisions.  
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6.5 Results analysis 

The average delta IAS presented in Figure 21 shows that the crews that have used 

heuristics in addition to the Airbus QRH managed to consistently adjust their altitude/IAS, getting 

closer to the reference values approaching the landing. 

 

Figure 21. Delta IAS average: Airbus QRH and heuristics simulations comparison 

The average delta DME presented in Figure 22 shows that the crews that have used 

heuristics in addition to the Airbus QRH managed to consistently adjust their altitude/DM, getting 

closer to the reference values approaching the landing. 

 

Figure 22. Delta DME average: Airbus QRH and Airbus QRH + Heuristics simulations comparison 

Both IAS and DME for given altitudes show different  crew ability to anticipate and 

accommodate trends throughout the general descent profile when using heuristics as an addition 

to the Airbus QRH.  
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The China Lake Situational Awareness Rating Scale (Gawron, 2008, p.239) has been used 

to individually measure the ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÅÌÅÍÅÎÔÓ ÏÆ ÓÉÔÕÁÔÉÏÎÁÌ Á×ÁÒÅÎÅÓÓ throughout the 

descent.   Three sub-components were measured: 

1) knowledge of energy state/environment/gliding distance  

2) ability to anticipate or accommodate trends 

3) shedding of tasks 

The original rating scale is presented in Table 8: 

 

Table 14.  China Lake Situational Awareness Rating Scale (Gawron, 2008, p.239) 

Figure 23 ÐÒÅÓÅÎÔÓ Á ÃÏÍÐÁÒÁÔÉÖÅ ÁÖÅÒÁÇÅ ÏÆ ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ 3! ÔÈÒÏÕÇÈÏÕÔ ÔÈÅ 

descent: 

 

Figure 23. Results: China Lake Situational Awareness Rating Scale ɀ All-crews average 

The perceived SA is rated significantly better when using judgment heuristics.  
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The pÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÅÆÆÏÒÔ ÔÏ ÍÁÎÁÇÅ ÔÈÅ ×ÏÒËÌÏÁÄ ×ÁÓ ÍÅÁÓÕÒÅÄ ÕÓÉÎÇ ÔÈÅ "ÅÄÆÏÒÄ 

Workload Scale (Roscoe, 1984, p12-8, as cited by Gawron, 2008, p.161). In case of a crash during 

the Airbus QRH simulation, some pilots ranked their workload management abilities at 10 (task 

abandoned/pilot unable to apply sufficient effort).  

The original rating scale is reminded below: 

1 2 3 4 5 6 7 8 9 10 
Workload 

Insignificant 
Workload 

Low 
Enough 
Spare 

Capacity 
For All 

Desirable 
Additional 

Tasks 

Insufficient 
Spare 

Capacity 
for Easy 

Attention 
to 

Additional 
Tasks 

Reduced 
Spare 

Capacity. 
Additional 

Tasks 
Cannot 

Be Given 
the 

Desired 
Amount 

of 
Attention 

Little 
Spare 

Capacity: 
Level of 
Effort 
Allows 
Little 

Attention 
to 

Additional 
Tasks 

Very Little 
Spare 

Capacity, But 
Maintenance 
of Effort in 
the Primary 
Tasks Not In 

Question 

Very high 
Workload 

With 
Almost No 

Spare 
Capacity. 

Difficulty in 
Maintaining 

Level of 
Effort 

Extremely 
High 

Workload. 
No Spare 
Capacity. 
Serious 

Doubts as 
to Ability 

to 
Maintain 
Level of 
Effort 

Task 
Abandoned. 
Pilot Unable 

to Apply 
Sufficient 

Effort. 

Table 15. Bedford Workload Scale (Roscoe, 1984, p12-8, as cited by Gawron, 2008, p.161) 

 

 

Figure 24. Pilots' rating on the perceived effort to manage the workload  

The results indicate a significant improvement in the ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÁÂÉÌÉÔÙ ÔÏ ÍÁÎÁÇÅ 

their  workload using judgment heuristics, consistent with the simulation results and the SA 

ratings. 
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The pÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÅÆÆÏÒÔ ÔÏ ÍÁËÅ ÔÈÅ ÒÅÑÕÉÒÅÄ ÎÁÖÉÇÁÔÉÏÎÁÌ ÄÅÃÉÓÉÏÎ ÔÏ ÁÃÈÉÅÖÅ ÔÈÅ 

primary task (land and stop on a runway) was measured using the Modified Cooper-Harper Rating 

Scale (Gawron, 2008, p.168). In case of a crash during the Airbus QRH simulation, some pilots 

ranked their effort to make effective navigational decisions at 10 (impossible).   

1 2 3 4 5 6 7 8 9 10 
Very 
easy. 
Highly 

desirable. 

Easy, 
Desirable 

Fair, 
Mild 

Difficulty 

Minor 
But 

Annoying 
Difficulty 

Moderately 
Objectionable 

Difficulty 

Very 
Objectionable 
But Tolerable 

Difficulty 

Major 
Difficulty 

Major 
Difficulty 

Major 
Difficulty 

Impossible 

Table 16. Modified Cooper-Harper Rating Scale (Gawron, 2008, p.168) 

 

 

Figure 25. Pilots' rating on the perceived difficulty to make effective navigational decisions  

The results indicate a significant improvement in the ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ 

decisions using judgment heuristics, consistent with the simulation results, SA and workload 

ratings. 
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6.6 Results synthesis  
 

 

 

 

 

 

  

Figure 26. Results synthesis: IAS & DME variations and SA vs. the reference profiles, and OVERALL DM and WL 
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The variations around the reference profiles and the situational awareness, workload, and 

decision-making rating scales, consistently indicate that judgment heuristics positively impact the 

management of the experimented ALL ENGINES FAIL situation at cruising altitudes.  

Essential to this research is one sub-component of the China Lake Situational Awareness 

Rating Scale, namely ÔÈÅ ȰÁÂÉÌÉÔÙ ÔÏ ÁÎÔÉÃÉÐÁÔÅ ÁÎÄ ÁÃÃÏÍÍÏÄÁÔÅ ÔÒÅÎÄÓȱ (Gawron, 2008). In Figure 

27, this sub-component measurement average may probably indicate the most notable benefit of 

using judgment heuristics as a feedforward artefact, directly impacting the ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ 

ability to use anticipatory control (Hollnagel & Woods, 2005) and directly contributing to all the 

other results:  

  

Figure 27. China Lake SA Rating Scale (Gawron, 2008) - ability to anticipate and accommodate 
trends - all crews average 
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7 Analyses and Discussion 

The previous chapter has presented a summary of the most relevant findings from the 

simulations and the questionnaires. The findings indicate that the addition of judgement 

heuristics to the Airbus A320 ALL ENG FAIL QRH procedure (Airbus, 2019d, ABN 19.01A) could 

ÐÏÓÉÔÉÖÅÌÙ ÉÍÐÁÃÔ ÔÈÅ ÐÉÌÏÔÓȭ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÔÈÅ ÓÉÔÕÁÔÉÏÎȟ ×ÉÔÈ ÐÁÒÔÉÃÕÌÁÒ ÒÅÆÅÒÅÎÃÅ ÔÏ 3!ȟ $- 

difficulty, and workload management abilities (Gawron, 2008). These improvements could be 

detected both based on ÔÈÅ ÐÉÌÏÔÓȭ ÓÅÌÆ-assessment and based on the fact that the addition of 

judgement heuristics has led to an increased number of successful outcomes (landing and 

stopping on a reachable runway) in the simulations (see Table 10). 

This chapter interprets the findings in the theoretical context of Human Factors and 

Ergonomics (HF/E) (Wilson & Sharples, 2015) and the Cognitive Systems Engineering (CSE) 

(Hollnagel & Woods, 2005), delineated in the literature review. More specifically, I explore three 

directions in the subsequent discussion: a) the avenues for further research; b) the comparative 

performance of JCS with and without the addition of judgement heuristics; and c) the comparative 

ÉÍÐÒÏÖÅÍÅÎÔÓ ÔÏ ÔÈÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÁÂÉÌÉÔÙ ÔÏ ÍÁÉÎÔÁÉÎ 3!ȟ ÍÁËÅ ÅÆÆÅÃÔÉÖÅ ÎÁÖÉÇÁÔÉÏÎÁÌ 

decisions, and manage workload, after the addition of judgement heuristics. The chapter also 

analyses the !ÉÒÂÕÓ ÐÒÏÃÅÄÕÒÅ ÄÅÓÉÇÎ ÁÎÄ ÉÔÓ ÉÍÐÁÃÔ ÏÎ ÔÈÅ ÐÉÌÏÔÓȭ ÁÂÉÌÉÔÙ ÔÏ ÍÁËÅ ÐÒÁÃÔÉÃÁÌ 

navigational trade-offs and concludes by explaining the findings by referencing Hollnagel and 

7ÏÏÄÓȭ ɉςππυɊ ÐÒÉÎÃÉÐÌÅ ÏÆ ÃÏÎÔÒÏÌ ÍÏÄÅÓ ɉÐȢ ρτψɊȢ 

 

7.1 Initial interviews 

4ÈÅ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÁÎÓ×ÅÒÓ ÔÏ ÔÈÅ ÉÎÉÔÉÁÌ ÓÔÒÕÃÔÕÒÅÄ ÉÎÔÅÒÖÉÅ× ÑÕÅÓÔÉÏÎÓ ÉÎÄÉÃÁÔÅ ÔÈÁÔȡ  

&ÉÒÓÔÌÙȟ ÈÅÕÒÉÓÔÉÃÓ ÁÒÅ ÐÁÒÔ ÏÆ ÔÈÅ ÐÉÌÏÔÓȭ ÎÏÒÍÁÌ ÁÎÄ ÁÂÎÏÒÍÁÌ ÏÐÅÒÁÔÉÏÎÓ ȬÔÏÏÌÂÏØȭȟ as 

pilots know and use judgment heuristics for various normal and abnormal situations (Table 6). 

Secondly, all the interviewed pilots unanimously consider the ALL ENGINE FAIL condition 

as most critical, followed by the UNRELIABLE SPEED and SMOKE/FUMES/AVIONICS SMOKE 

(Table 7). The ALL ENGINE FAIL situation is perceived as most critical in terms of descent profile 

management (see 6.2. above). The UNRELIABLE SPEED can lead to a most severe loss of 

automation, and the SMOKE/FUMES/ AVIONICS SMOKE is perceived as most critical in terms of 

time available. 

The initial interviews (Appendix 6) indicate that pilots are familiar with and prefer using 

simplified heuristics in normal and abnormal situations. In the latter case, they are concerned and 

possibly uncomfortable, and therefore more stressed about managing most critical situations in 

terms of descent profile, loss of automation, and time available. Such results may indicate valuable 

further research directions to explore the potential benefits of training heuristics for other types 

of abnormal situations (see also 7.9. below). 

Notably, during the initial interview, crews 9, 11, and 12 stated they knew some 

judgement heuristics for the ALL ENGINES FAIL situation. These are also the crews that managed 

to land and stop on a runway during SIMULATION 1. This previous heuristic knowledge may 

explain their SIMULATOR 1 performance and the subsequent higher workload and decision-

making questionnaire ratings. The crew 11 captain stated that he was specifically trained and had 
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ÁÉÒÌÉÎÅ ÔÒÁÉÎÉÎÇȡ ȰÉÆ ÁÔ φ.- ÙÏÕ ÁÒÅ ÁÂÏÖÅ σπππÆÔ ÌÏ×ÅÒ ÔÈÅ ÇÅÁÒ ÅÁÒÌÉÅÒȟ ÁÎÄ Éf below, lower the 

ÇÅÁÒ ÌÁÔÅÒȱȢ 4ÈÉÓ ÃÒÅ× ÉÎÄÉÃÁÔÅÄ ÔÈÅ ÈÉÇÈÅÓÔ ÖÁÌÕÅÓ ÏÎ ÔÈÅ ×ÏÒËÌÏÁÄ ÁÎÄ ÄÅÃÉÓÉÏÎ-making ratings. 

Nevertheless, using the more elaborated judgment heuristics studied in this research, crew 11 

also showed improvement in their SA and decision-making ratings between simulations 1 and 3. 

 

7.2 Simulations 

The results suggest that using judgment heuristics in the simulated scenario could be 

beneficial: nine out of the twelve crews participating in this research crashed on the first 

simulation when using only the Airbus QRH procedure. These numbers include the first three 

simulation test crews and crew number eight, who did not have time to complete the third 

simulation due to delay caused by simulator technical issues and curfew restrictions in Budapest. 

Of these twelve crews, given the incomplete simulation of crew number eight, eleven crews 

managed to land and stop on an available runway using the judgment heuristics during 

SIMULATION 3. 

Focusing only on the eight simulations that were completed in a standardized manner, 

starting with crew number 4 (following protocol testing and adjustment), five out of eight crashed 

on the first attempt using only the Airbus QRH. By contrast, all eight crews managed to land after 

being taught and trained on ALL ENG FAIL judgement heuristics, i.e., after having added such 

ÈÅÕÒÉÓÔÉÃÓ ÔÏ ÔÈÅÉÒ ÃÏÇÎÉÔÉÖÅ ȬÔÏÏÌÂÏØȭȢ 4ÈÅ ȬÒÕÌÅÓ-of-ÔÈÕÍÂȭ ÐÒÅÓÅÎÔÅÄ ÔÏ ÔÈÅ ÐÉÌÏÔÓ ÐÒÉÍÁÒÉÌÙ 

involve simple altitude/distance calculations, potentially allowing them to make corrections in 

the speed/altitude trade-offs. Therefore, to determine the effect of applying the heuristics, Figure 

28 compares simulations 1 and 3 in the IAS and DME variations around their reference profiles. 

 

 

 

 

 Figure 28. IAS and DME variations around the reference profiles (detail of Figure 26) 
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The IAS and DME variations around the Airbus QRH profile do not show any clear pattern 

ÏÒ ÃÏÒÒÅÌÁÔÉÏÎȟ ×ÈÉÃÈ ÍÁÙ ÂÅ ÔÈÅ ÒÅÓÕÌÔ ÏÆ Á ȰÔÒÉÁÌ-and-ÅÒÒÏÒ ÔÙÐÅ ÏÆ ÐÅÒÆÏÒÍÁÎÃÅȱ ×ÈÅÒÅ ȰÔÈÅ 

choice of next action is basically random ɍÅÍÐÈÁÓÉÓ ÁÄÄÅÄɎȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ ÐȢρτφɊȟ 

indicators of a scrambled control mode (p.148). 

By contrast, the IAS and DME variations around the heuristic profile can be correlated and 

indicate that the pilots effectively prioritized and managed the distance/altitude ratio, reaching 

the desired outcome (land and stop on an available runway). The IAS variations are considerable 

at all levels, meaning that the pilots effectively traded-off speed to reach a certain altitude at a 

certain distance, as required by the heuristic profile. The DME variations consistently reduced 

ÁÐÐÒÏÁÃÈÉÎÇ ÔÈÅ ÒÕÎ×ÁÙȢ !Î ÉÎÃÒÅÁÓÅÄ ÐÉÌÏÔÓȭ ÁÂÉÌÉÔÙ ÔÏ ÃÏÎÔÒÏÌ ÔÈÅ ÇÌÉÄÅȟ ×ÈÅÒÅ ÔÈÅ ÁÃÔÉÏÎ 

selection was based on a clear plan, displays the signs of a tactical control mode (Hollnagel & 

Woods, 2005, p.148). 

The above comparison suggests that the heuristics offered pilots the possibility to control 

the flight path effectively, making the necessary corrections to follow the desired profile. 

 

7.3 Questionnaires 

The questionnaire results show ÉÎÃÒÅÁÓÅÓ ÉÎ ÔÈÅ ÐÉÌÏÔÓȭ ÐÅÒÃÅÉÖÅÄ ÓÉÔÕÁÔÉÏÎÁÌ Á×ÁÒÅÎÅÓÓȟ 

ability to make navigational decisions, and ability to manage the workload after the inclusion of 

judgement heuristics in their cognitive ȬÔÏÏÌÂÏØȭȢ !Ó ÄÉÓÃÕÓÓÅÄ ÉÎ ÓÅÃÔÉÏÎ φȢφȢ ɉFigure 27), the 

ȰÁÂÉÌÉÔÙ ÔÏ ÁÎÔÉÃÉÐÁÔÅ ÁÎÄ ÁÃÃÏÍÍÏÄÁÔÅ ÔÒÅÎÄÓȱ ɉ'Á×ÒÏÎȟ ςππψɊ ÍÁÙ ÂÅ ÔÈÅ ÍÁÉÎ ÃÏÎÔÒÉÂÕÔÏÒ ÔÏ 

all the other comparative results showing such differences. More specifically, Figure 29 indicates 

the SA ratings following SIMULATION 3 consistently having higher values and less variation at all 

measurement points than the values following SIMULATION 1. All other things being equal 

(simulation variables), this difference may be due to the effectiveness of judgment heuristics as a 

reliable and straightforward feedforward artefact. The overall decision-making (Figure 24) and 

workload rating scales (Figure 25) results confirm the benefits. 

 

What makes judgment heuristics a more effective navigational tool than the manufacturer 

procedure? Possible answers are discussed in the following three sections. I will be looking at the 

manufacturer procedure design and compare it with the judgment heuristics through the lenses 

of typicality and familiarity (Clewley & Nixon, 2020), HF/E (Wilson & Sharples, 2015) 

ÐÅÒÓÐÅÃÔÉÖÅȟ ÔÈÅ ȬÒÉÇÈÔ-right -ÒÉÇÈÔȭ ÒÕÌÅȟ ÁÎÄ ÔÈÅ ÃÏÎÃÅÐÔ ÏÆ ȬÓÉÍÐÌÉÃÉÔÙ-complexity trade-ÏÆÆȱȢ 

Finally, the principle of control modes will integrate everything into a CSE (Hollnagel & Woods, 

2005) approach. 

Figure 29. SA variations (detail of Figure 26) 
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7.4 A HF/E approach to the Airbus ALL ENGINES FAIL procedure and heuristic 

profile 

During the simulations, all participating pilots knew what to expect. The effects of startle 

and surprise have thus been minimised. Despite this, it is tacit knowledge in the field that even 

experienced pilots may struggle to make simple times two multiplications while manually flying 

a degraded aeroplane. The cognitive impairment resulting from this abnormal situation was most 

evident throughout SIMULATION 1 (without heuristics) across most pilots, which is reflected in 

the situational awareness, workload, and decision-making questionnaire results (Gawron, 2008). 

The Airbus A320 ALL ENG FAIL QRH procedure does not sufficiently account for the 

ÐÉÌÏÔÓȭ ÆÏÒÅÓÅÅÁÂÌÅ ÃÏÎÔÅØÔÕÁÌ ÃÏÇÎÉÔÉÖÅ ÁÂÉÌÉÔÉÅÓȟ ÎÅÅÄÓȟ ÁÎÄ ÌÉÍÉÔÁÔÉÏÎÓ ɉ7ÉÌÓÏÎ Ǫ 3ÈÁÒÐÌÅÓȟ 

2015). When pilots suffer from decreased cognitive abilities as a result of an abnormal situation 

(such as ALL ENG FAIL), they may not be able to effectively manage complex checklists while 

naturally prioritizing the higher -level priorities ɀ fly and navigate ɀ as demanded by the Airbus 

Golden Rules. The pilots need simplified alternatives to meet these essential higher-level 

priorities. The Airbus procedure fails to meet these necessities because it uses complicated, 

unfamiliar, and atypical profiles that its users cannot effectively operationalize (Clewley & Nixon, 

2020a). 

Are there ÁÎÙ ÅØÁÍÐÌÅÓ ÏÆ ÐÒÏÃÅÄÕÒÅÓ ÔÈÁÔ ÂÅÔÔÅÒ ÍÅÅÔ ÔÈÅÓÅ ÐÉÌÏÔÓȭ ÎÅÅÄÓ ÉÎ ÁÎ !,, 

ENGINES FAIL situation? Two such instances are provided in the CRJ 900 QRH and BAE AVRO 

146RJ FCOM procedures. 

CRJ 900 QRH (Bombardier, 2019, EMER 1-4) 

In the late stages of this procedure, clear navigation guidance is offered: 5000ft over the 

airfield, turn with 20 -30 degrees bank into the downwind maintaining the airspeed, at 2500ft 

abeam the landing area, start turning final to be established at 1500ft and when runway assured, 

lower the gear and configure with flaps 20, flying a given reference speed (Bombardier, 2019, 

EMER 1-10). 

Moreover, this type of flying over the field approach to land is practised during the early 

stages of the flight school when pilots must demonstrate that they can land with a simulated 

engine failure, highlighting how Bombardier builds their procedure on familiar pilot knowledge 

and experience (Clewley & Nixon, 2020b). 
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AVRO 146RJ Abnormal and Emergency Checklists (British Aerospace, 2007, 6.18): 

 

Figure 30 AVRO 146RJ FCOM (British Aerospace, 2007, 6.18) 

Alternatively, BAE offers a clear and simplified three-page checklist, with one-page 

navigation information in graphical form (British Aerospace, 2007, 6.17). This graphic pattern 

considers the previous knowledge and experience any pilot has from flight school. It offers clear 

guidance on how and when to configure the aircraft, considering wind adjustments using typical 

and familiar principles that airline pilots use during usual traffic patterns (Clewley & Nixon, 

2020b). 

Both examples demonstrate that procedures can indeed be devised with sufficient detail 

and in a manner that accounts for the ÐÉÌÏÔÓȭ ÆÏÒÅÓÅÅÁÂÌÅ ÃÏÇÎÉÔÉÖÅ ÌÉÍÉÔÁÔÉÏÎÓ ÉÎ ÁÂÎÏÒÍÁÌ 

situations, highlighting the above-mentioned gap in the Airbus QRH procedure. 
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This conclusion also has theoretical support. In the context of discussing conceptual 

categories, Clewley & Nixon (2020) sugÇÅÓÔ ÔÈÁÔ ÐÉÌÏÔÓȭ ÖÁÒÉÁÔÉÏÎ ÉÎ ÅÖÅÎÔ ËÎÏ×ÌÅÄÇÅ ÃÁÎ ÂÅ 

explained through the lenses of typicality and familiarityȢ 4ÈÅÙ ÁÒÇÕÅ ÔÈÁÔ ȰÔÙÐÉÃÁÌ ÉÎÓÔÁÎÃÅÓ ÁÒÅ 

more readily learned and more easily recognizedɂthey are stronger concepts and describe 

where our knowlÅÄÇÅ ÉÓ ÃÏÎÃÅÎÔÒÁÔÅÄȱ ɉ2ÏÓÃÈ ÅÔ ÁÌȢȟ ρωχφȠ 3ÁÎÄÂÅÒÇ ÅÔ ÁÌȢȟ ςπρςȠ 3ÔÏÒÍÓ ÅÔ ÁÌȢȟ 

ςπππȟ ÁÓ ÃÉÔÅÄ ÂÙ #ÌÅ×ÌÅÙ Ǫ .ÉØÏÎȟ ςπςπɊȢ 4ÈÅ ÁÕÔÈÏÒÓ ÁÌÓÏ ÑÕÏÔÅ ÔÈÁÔ ȰÆÁÍÉÌÉÁÒÉÔÙ ÃÏÖÁÒÉÅÓ ×ÉÔÈ 

repetition, so familiarity is an important driver of recognition, retrieval, aÎÄ ÌÅÁÒÎÉÎÇȱ ɉ"ÁÒÓÁÌÏÕȟ 

1985; Nosofsky, 1988; Rosch, 1978, as cited by Clewley & Nixon, 2020). The upshot of the 

argument is that pilot training can be improved by familiarizing the crew with typical and non-

typical event structures. 

With this in mind, one potential avenue for further research could investigate whether 

the A320 ALL ENG FAIL QRH procedure can be designed more effectively if connected with typical 

and familiar cognitive elements, such as the AVRO 146RJ QRH visual profile example. If designed 

using typical and familiar elements (and practised), complex procedures may significantly help 

pilots to better manage difficult situations when their mental capacity may be diminished. 

 

7.5 A CSE perspective comparison: A320 QRH procedure and judgment heuristics 

In a Joint Cognitive Systems approach (Hollnagel & Woods, 2005), the A320 ALL ENGINES 

FAIL QRH procedure and the judgment heuristics act as artefacts that pilots can use to calculate 

and control navigational profiles. These artefacts are structured differently, and they also 

ÆÕÎÃÔÉÏÎÁÌÌÙ ÉÍÐÁÃÔ ÔÈÅ *#3Ȣ 4ÈÅ ÎÅØÔ ÓÅÃÔÉÏÎÓ ÁÎÁÌÙÓÅ ÔÈÅÓÅ ÄÉÆÆÅÒÅÎÃÅÓ ÕÓÉÎÇ ÔÈÅ ȬÒÉÇÈÔ-right -

ÒÉÇÈÔȭ ÒÕÌÅ ÁÎÄ ÔÈÅ ÃÏÎÃÅÐÔ ÏÆ 3ÉÍÐÌÉÃÉÔÙ-Complexity Trade-Off (Hollnagel & Woods, 2005). 

 

7.5.1 ¢ƘŜ ΨǊƛƎƘǘ-right-ǊƛƎƘǘΩ ǊǳƭŜ 

Hollnagel & WoodÓ ɉςππυɊ ÁÒÇÕÅ ÔÈÁÔ ÔÈÅ ȬÒÉÇÈÔ-right -ÒÉÇÈÔȭ ÒÕÌÅ ÐÒÅÓÅÎÔÓ Á ÄÅÓÉÇÎ 

ÐÒÉÎÃÉÐÌÅ ÔÈÁÔ ÉÓ ȰÓÉÍÐÌÉÃÉÔÙ ÉÔÓÅÌÆ ÁÎÄ ×ÏÕÌÄ ÕÎÄÏÕÂÔÅÄÌÙ ÈÁÖÅ Á ÓÉÇÎÉÆÉÃÁÎÔ ÅÆÆÅÃÔ ÏÎ ÐÒÁÃÔÉÃÅ ÉÆ ÉÔ 

×ÅÒÅ ÏÎÌÙ ÐÏÓÓÉÂÌÅ ÔÏ ÒÅÁÌÉÓÅ ÉÔȱ ɉÐȢψσɊȢ 4ÈÉÓ ÉÄÅÁÌÉÚÅÄ ÉÎÔÅÒÆÁÃÅ ÄÅÓÉÇÎ ÍÏÄÅÌ ÓÕÇÇÅÓts presenting 

the right information, in the right form, at the right time. 

The right information 

! ×ÁÙ ÏÆ ÄÅÆÉÎÉÎÇ ȬÒÉÇÈÔ ÉÎÆÏÒÍÁÔÉÏÎȭ ÉÓ ȰÔÏ ÃÏÎÓÉÄÅÒ ÓÐÅÃÉÆÉÃ ÓÉÔÕÁÔÉÏÎÓ ÁÓ ÔÈÅÙ ÁÒÅ ÄÅÆÉÎÅÄ 

by the system design. An almost trivial example of that is a situation described by operating 

procedures ɀ ÂÏÔÈ ÆÏÒ ÎÏÒÍÁÌ ÏÐÅÒÁÔÉÏÎÓ ÁÎÄ ÅÍÅÒÇÅÎÃÉÅÓȢȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ ÐȢψτɊ 

By all metrics in this research, the simulations suggest that judgment heuristics may be a 

ÍÏÒÅ ÅÆÆÅÃÔÉÖÅ ÔÏÏÌ ÉÎ ÅÎÈÁÎÃÉÎÇ ÔÈÅ ÃÒÅ×ȭÓ ÃÁpability to control the gliding profile (Figure 28 and 

Section 7.2. on Simulations above). Does this suggest that the information presented by the 

ÍÁÎÕÆÁÃÔÕÒÅÒ ÉÓ ÎÏÔ ÒÉÇÈÔ ÏÒ ÔÈÁÔ ÈÅÕÒÉÓÔÉÃÓ ÉÎÆÏÒÍÁÔÉÏÎ ÉÓ ȬÍÏÒÅȭ ÒÉÇÈÔȩ #ÅÒÔÁÉÎÌÙȟ ÔÈÅ ÉÎÆÏÒÍÁÔÉÏÎ 

based on ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÄÁÔÁ ÉÓ ÔÅÃÈÎÉÃÁÌÌÙ ÍÏÒÅ ÁÃÃÕÒÁÔÅ ÔÈÁÎ ÔÈÅ ÓÉÍÐÌÉÆÉÃÁÔÉÏÎ ÏÆÆÅÒÅÄ ÂÙ 

judgment heuristics - the QRH navigational information is technically correct, hence, technically 

right. Nevertheless, both the analysis of this procedure in Chapter 5 above and the different 

aggregate outcomes in Simulations 1 and 3 indicate that this navigational information does not 

effectively help pilots manage their abnormal ALL ENG FAIL situation. This is likely to do not with 
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information accuracy but with it being presented in an atypical and unfamiliar form that the pilots 

cannot effectively process (Clewley & Nixon, 2020a). 

In the right form 

The Airbus QRH probably tries to address the real complexity as much as possible and to 

offer the necessary steps to manage it. The judgment heuristics simplify the situation and 

ÔÈÅÒÅÆÏÒÅ ÒÅÄÕÃÅ ÔÈÅ ÐÅÒÃÅÉÖÅÄ ÃÏÍÐÌÅØÉÔÙȢ Ȱ)Æ ÔÈÅ ÓÙÓÔÅÍ ÃÁÎ ÂÅ ÍÁÄÅ ÔÏ ÌÏÏË ÓÉÍÐÌÅÒȟ ÔÈÅÎ ÉÔ ×ÉÌÌ 

ÁÌÓÏ ÂÅ ÓÉÍÐÌÅÒ ÔÏ ÃÏÎÔÒÏÌȢȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ ÐȢψυɊ 4ÈÅ ÐÒÅÓÅÎÔ ÒÅÓÅÁÒÃÈ ÄÅÍÏÎÓÔÒÁÔÅÓ 

that such simpler tools (despite being less accurate) function better in the simulated experiment. 

At the right time 

Feedforward control is more powerful than feedback control, as pointed out by Conant & 

Ashby (1970, p. 92, as cited by Hollnagel & Woods, 2005). 

The ECAM estimated gliding range is a piece of feedforward information that may help 

pilots make an initial assessment and decide their landing area. The QRH presents various 

configuration descent profiles that could hypothetically help pilots monitor and adjust their 

gliding profile. However, given the sequence in which it is presented, hence the timing in the 

management flow, it can be used mostly reactively to make corrections based on feedback 

ɉÁÌÒÅÁÄÙ ÔÏÏ ÈÉÇÈȾÔÏÏ ÌÏ×Ɋȟ ×ÈÉÃÈ ÓÉÔÕÁÔÉÏÎ ȰÉÓ ÌÉËÅÌÙ to fail when time becomes too short, simply 

ÂÅÃÁÕÓÅ ÆÅÅÄÂÁÃË ÃÁÎÎÏÔ ÂÅ ÐÒÏÃÅÓÓÅÄ ÆÁÓÔ ÅÎÏÕÇÈ ÔÏ ÂÅ ÏÆ ÕÓÅȢȱɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυɊ 

Alternatively, the judgment heuristics can act as a feedforward and feedback single 

artefact that is always available at the right time (from the beginning of the event, all the time 

throughout the descent). It can be used proactively to make an initial assessment of a rough 

estimate gliding distance available which is required to make a crucial navigation decision in 

accordance with the Airbus Golden Rules and can be used reactively as a reference to make 

corrections based on feedback (too high/too low), adjusting the speed and configuration to trade-

off altitude and match the required range. 

 

7.5.2 Simplicity-Complexity Trade-Off 

The Airbus calculations estimate a potentially longer gliding range, therefore possibly 

offering more landing airport choices. Using simplified heuristics presents Á ÒÉÓË ÏÆ ÐÒÏÖÉÄÉÎÇ ȰÁ 

conceptually simpler world at the cosÔ ÏÆ Á ÒÅÄÕÃÅÄ ÍÁÔÃÈ ÔÏ ÒÅÁÌÉÔÙȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ 

p.87), which in some hypothetical cases may make a difference on the desired outcome. 

4ÈÅ ÊÕÄÇÍÅÎÔ ÈÅÕÒÉÓÔÉÃÓ ÍÁÙ ÅÎÁÂÌÅ ÐÉÌÏÔÓ ×ÉÔÈ ÒÅÄÕÃÅÄ ÃÏÇÎÉÔÉÖÅ ÃÁÐÁÃÉÔÙ ȰÔÏ ÓÔÒÕÃÔÕÒÅ 

the information at a higher-level representation of the states of the system; to make a choice of 

intention at that level; and then to plan the sequence of detailed acts which will suit the higher-

ÌÅÖÅÌ ÉÎÔÅÎÔÉÏÎȱ ɉ2ÁÓÍÕÓÓÅÎ Ǫ ,ÉÎÄȟ ρωψρȟ ÐȢωȟ ÁÓ ÃÉÔÅÄ ÂÙ (ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυ). 

The QRH can be seen as an artefact developed on a manufacturer procedural prototype 

ÍÏÄÅÌ ×ÈÉÃÈ ȰÁÓÓÕÍÅÓ ÔÈÁÔ Á ÐÒÅ-defined sequence of (elementary) actions or a procedural 

ÐÁÔÔÅÒÎ ÅØÉÓÔÓȟ ×ÈÉÃÈ ÒÅÐÒÅÓÅÎÔÓ Á ÍÏÒÅ ÎÁÔÕÒÁÌ ×ÁÙ ÏÆ ÄÏÉÎÇ ÔÈÉÎÇÓ ÔÈÁÎ ÏÔÈÅÒÓȱ (Hollnagel & 

Woods, 2005, p.144). The judgment heuristics are shortcutting mechanisms (Jarvis et al., 2014) 

that help pilots cope with the failure management in the actual context (prioritizing actions and 
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making navigational trade-offs from the onset of the failure down to landing); therefore, they can 

ÂÅ ÓÅÅÎ ÁÓ ÂÁÓÅÄ ÏÎ Á ÃÏÎÔÅØÔÕÁÌ ÃÏÎÔÒÏÌ ÍÏÄÅÌ ×ÈÉÃÈ ȰÉÍÐÌÉÅÓ ÔÈÁÔ ÁÃÔÉÏÎÓ ÁÒÅ ÄÅÔÅÒÍÉÎÅÄ ÂÙ ÔÈÅ 

ÃÏÎÔÅØÔ ÒÁÔÈÅÒ ÔÈÁÎ ÂÙ ÁÎ ÉÎÈÅÒÅÎÔ ÓÅÑÕÅÎÔÉÁÌ ÒÅÌÁÔÉÏÎ ÂÅÔ×ÅÅÎ ÔÈÅÍȢȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ 

p.144) 

The research results indicate that pilots need and prefer simplified tools commensurate 

with their cognitive abilities and limitations (Wilson & Sharples, 2015) in their contextual time-

pressured situation. Such simplified tools help them prioritize essential high-level goals, such as 

flying (understanding the new actual state) and navigating (anticipating and accommodating 

trends), and perform complex checklists. The choice of using judgment heuristics for calculating 

the navigational profile is a clear example of procedural simplicity-complexity trade-off 

(Hollnagel & Woods, 2005, p.82), which is a form of Efficiency-Thoroughness Trade-Off (ETTO) 

(Hollnagel, 2009). The pilots prove to be more effective in managing the situation using a 

simplified and less accurate judgment heuristic instead of being more thorough using the more 

precise Airbus check-list calculations. 

 

7.6 Discussion summary 

This research has aimed to evaluate how the Airbus QRH procedure contributes to the 

ÐÉÌÏÔÓȭ ÍÁÎÁÇÅÍÅÎÔ ÏÆ ÎÁÖÉÇÁÔÉÏÎ ÉÎ ÁÎ !,, %NGINES FAIL situation at cruising altitude aboard 

an Airbus A320 and whether the addition of judgment heuristics can improve task performance 

and the desired outcome. By applying the theoretical frameworks of Human Factors and 

Ergonomics, and Joint Cognitive Systems, I have argued that the QRH procedure suffers from 

ÓÅÖÅÒÁÌ ÄÅÆÉÃÉÅÎÃÉÅÓȟ ÁÌÌ ÏÆ ×ÈÉÃÈ ÁÒÅ ÌÉËÅÌÙ ÔÏ ÉÍÐÁÃÔ ÔÈÅ ÐÉÌÏÔÓȭ ÕÌÔÉÍÁÔÅ ÓÕÃÃÅÓÓ ÉÎ ÉÍÐÌÅÍÅÎÔÉÎÇ 

it. More specifically, the procedure is couched in atypical and unfamiliar terms, it is not drafted 

with an eye to the cognitive impairments that are bound to affect pilots in ALL ENG FAIL 

ÓÉÔÕÁÔÉÏÎÓȟ ÉÔ ÄÏÅÓ ÎÏÔ ÐÒÏÖÉÄÅ ÔÈÅ ÉÎÆÏÒÍÁÔÉÏÎ ȬÉÎ ÔÈÅ ÒÉÇÈÔ ÆÏÒÍȭ ÏÒ ÁÔ ÔÈÅ ȬÒÉÇÈÔȭ ÏÒ ÏÐÔÉÍÁÌ ÔÉÍÅȟ 

and it does not help pilots make Efficiency-Thoroughness Trade-Offs (Hollnagel, 2009) that are 

needed for the abnormal ALL ENG FAIL context.  

The results of SIMULATION 1 provide support for these conclusions, with pilots self-

reporting relatively low levels of situational awareness and decision-making abilities and the 

desired outcome (successful landing) being achieved only in a minority of cases. By contrast, the 

knowledge and application of judgement heuristics (Simulation 3) appear to be correlated with 

improvements in virtually all the relevant metrics monitored in this research. 

In the experimental scenario, following the onset of the event and under the perceived 

time pressure, building an initial mental model required to fly and navigate constitutes an 

essential priority for the pilots, as dictated by the Airbus Golden Rules. According to the 

ÍÁÎÕÆÁÃÔÕÒÅÒȭÓ ÐÒÏÃÅÄÕÒÁÌ ÐÒÏÔÏÔÙÐÅ ÍÏÄÅÌ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυɊȟ ÔÈÅ ÉÎÔÅÎÄÅÄ 

navigational state (gliding profile) can be calculated using the information provided by the 

manufacturer QRH (the object of this research). Considering the QRH procedure design (the 

format and timing of the navigational information elements), the cognitive effort required to 

ÐÒÏÃÅÓÓ ÔÈÅ 12( ÎÁÖÉÇÁÔÉÏÎÁÌ ÉÎÆÏÒÍÁÔÉÏÎ ÍÁÙ ÂÅ ÉÎÃÏÍÍÅÎÓÕÒÁÔÅ ×ÉÔÈ ÔÈÅ ÐÉÌÏÔÓȭ ÁÖÁÉÌÁÂÌÅ 

cognitive capacity (Jarvis et al., 2014). This may trigger mainly feedback-based trial-and-error 

performance, indicating a scrambled control mode in SIMULATION 1 (Hollnagel & Woods, 2005). 
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The application of judgement heuristics in SIMULATION 3 appears to have enabled pilots 

to effectively control the situation within their foreseeable contextual cognitive abilities and 

limitations (Amalberti, 2001; Jarvis et al., 2014; Landman et al., 2017a; Leach, 2004; Moriarty, 

2015; Rankin et al., 2016, 2013; Wilson & Sharples, 2015), compensating for the Airbus ALL ENG 

&!), 12( ÐÒÏÃÅÄÕÒÅ ÓÈÏÒÔÃÏÍÉÎÇÓȢ 4ÈÅ ÈÅÕÒÉÓÔÉÃÓ ÁÌÌÏ×ÅÄ ÐÉÌÏÔÓ ÔÏ ÃÒÅÁÔÅ ȰÁ ÇÏÏÄ ÒÅÐÒÅÓÅÎÔÁÔÉÏÎ 

ÏÆ ÔÈÅ ÐÒÏÃÅÓÓ ÔÏ ÂÅ ÃÏÎÔÒÏÌÌÅÄȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ p. 138). Based on this navigational 

process representation, the addition of judgment heuristics as a simplified feedforward artefact 

to the QRH information allowed the pilots to use anticipatory feedback (Hollnagel & Woods, 2005, 

p. 138), minimizing the time required to re-evaluate the situation, which directly impacted a 

series of cognitive processes: cognitive workload (Jarvis, 2010, as cited by Jarvis et al., 2014, p.55), 

ÔÈÅ ÓÉÔÕÁÔÉÏÎÁÌ Á×ÁÒÅÎÅÓÓ ÃÏÎÓÔÒÕÃÔÓ ɉÉÎÃÌÕÄÉÎÇ ÔÈÅ ÐÉÌÏÔÓȭ ÁÂÉÌÉÔÉÅÓ ÔÏ ÁÎÔÉÃÉÐÁÔÅ ÔÒÅÎÄÓɊ ɉ'Á×ÒÏÎȟ 

2008; Neisser, 1976), and the quicker decision-making processes that dictated the actions taken 

to accommodate the trends (Hollnagel & Woods, 2005; Jarvis et al., 2014).  

Improvements to these processes are all recorded in the questionnaires (see Chapter 6). 

In addition, the application of judgement heuristics ultimately led to more successful simulated 

landings. The IAS and DME correlations indicated by the simulations show that the pilots 

demonstrated the ability to make detailed enough navigational calculations (Section 7.2. above). 

They made continuous speed/altitude trade-offs and proactively compensated between the 

(predictable) actual and intended states (based on a planned profile), ultimately managing to 

effectively control the glide and reach the desired outcome, landing and stopping on a runway. 

 

7.7 Research limitations 

This research suggests that training in judgment heuristics and simplified workflows may 

significantly help pilots manage the ALL ENGINE FAIL at cruising altitudes critical situation. 

However, I have been trained, and I have trained pilots to use heuristics in normal daily 

operations and various abnormal/emergency scenarios. Therefore, there is a risk of bias in 

assessing the impact of the heuristics. 

As I flew with and trained most of the Cluj-Napoca based pilots who voluntarily 

participated in this research, I felt the need to limit my direct involvement in the actual simulation 

and the data acquisition process. Most of the simulations have been done in Cluj-Napoca and were 

conducted by another simulator instructor. All the questionnaires have been prepared using an 

online platform and have been independently completed by the pilots using their mobile phones. 

I have used a certified fixed base Flight Training Device (FTD) for two simulations and a 

non-certified simulator for the other six simulations. The accuracy of the simulations is therefore 

limited. I have tested and compared the studied profiles (ALL ENGINES FAIL judgment heuristics-

based straight-in and circling approaches) in the non-certified simulator and a professional 

certified full -motion A320 simulator in Sofia. The simulated profiles and the aeroplane 

behaviours were similar. 

The accuracy of the retrieved simulation profiles data is limited because all profiles have 

been manually inserted into Google Earth online platform. The simulators used for this research 

had limited data output capabilities and required manual reconstruction afterwards. 
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The sample of pilots used in this research is small. While it is unlikely that the general 

indication that heuristics positively contribute to the management of the simulation situation 

would be affected by a bigger sample size, more accurate results could be obtained using more 

crews. 

The methodology used, the One Group Pretest-Posttest experimental design (Campbell & 

Stanley, 1963, p.7), is not using a control group and is therefore subject to several questions 

regarding the accuracy and validity of the results, and the potential effect of skilled learning, when 

pilots improve their performance due to the repetition of the same scenario.  

Thus, the results obtained in this research show that the judgement heuristics 

demonstrate a positive influence where applied and used on the management of the experimental 

condition (ALL ENGINES FAIL). However, these results cannot exclude any skilled learning effect 

ÔÈÁÔ ÍÁÙ ÁÃÃÒÕÅ ÆÒÏÍ ÐÁÒÔÉÃÉÐÁÎÔÓȭ ÅØÐÏÓÕÒÅ ÔÏ ÔÈÅ ÓÃÅÎÁÒÉÏ, learning that is gained from the 

repetition in the experimental design. Further research to explore this effect and its influence on 

ÔÈÅ ÐÅÒÆÏÒÍÁÎÃÅ ÏÆ ÔÈÅ ÃÒÅ×Óȭ ÐÅÒÆÏÒÍÁÎÃÅ ÓÈÏÕÌÄ ÂÅ ÕÎÄÅÒÔÁËÅÎ ÔÏ ÃÏÎÆÉÒÍ ÔÈÅ ÖÁÌÉÄÉÔÙ ÏÆ ÔÈÅ 

ÅØÐÅÒÉÍÅÎÔȭÓ ÃÏÎÃÌÕÓÉÏÎ ÔÈÁÔ ÊÕÄÇÅÍÅÎÔ ÈÅÕÒÉÓÔÉÃÓ ÉÍÐÒÏÖÅ Á  ÃÒÅ×ȭÓ ÐÅÒÆÏÒÍÁÎÃÅȢ  

 

7.8 Further research 

As indicated during the initial interview, the three situations perceived by the pilots as 

most critical (ALL ENG FAIL, UNRELIABLE SPEED, and SMOKE/FUMES/AVIONICS SMOKE) may 

define the most critical boundaries of an abnormal and emergency situations envelope. It may be 

that any other abnormal situation may face pilots with a combination of elements specific to at 

least one of the three boundary situations. 

 

Figure 31. A possible 'most critical situations' boundaries training model 

For example, a volcanic ash encounter may block the pitot tubes and flame out the 

engines. This situation could be plotted at the intersection of the descent profile and loss of 

automation boundaries (Figure 31) as the pilots would face the combined challenges of ALL ENG 

FAIL and UNRELIABLE SPEED situations. A cargo smoke situation is a time-critical situation that 

would challenge the pilots with the most expeditious descent profile and could be plotted at the 
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intersection of the time available and descent profile boundaries. Pilots would face the challenge 

to make a rapid descent under critical time pressure. A dual hydraulic failure or an emergency 

electrical configuration situation significantly degrade the aeroplane and may present some fuel 

available or fuel penalties time pressure (but to a lesser extent than a fire/smoke situation). 

In a real-life abnormal or emergency situation, we know that pilots may suffer from the 

effects of startle and surprise, as confirmed by a vast body of research (Amalberti, 2001; DeLisi, 

2018; EASA, 2018; FAA, 1996; Grant & Booth, 2009; Landman et al., 2017a; Landman, Groen, van 

Paassen, Bronkhorst, & Mulder, 2017b; Leach, 2004; Moriarty, 2015; Rankin et al., 2013, 2015). 

Landman et al. (2017) present a conceptual model of startle and surprise, which is based 

on the perceptual cycle model (Neisser, 1976), the data frame theory of sensemaking (Klein, 

Phillips, Rall, & Peluso, 2007, as cited by Landman et al., 2017), and literature on startle and stress 

(Landman et al., 2017a). The authors conclude that ÔÈÅ ȰÉÎÔÅÒÖÅÎÔÉÏÎ ÍÅÔÈÏÄÓ ÓÈÏÕÌÄ ÂÅ ÆÏÃÕÓÅÄ 

ÏÎ ÉÎÓÔÉÌÌÉÎÇ Á ÓÕÐÐÌÙ ÏÆ ÓÕÆÆÉÃÉÅÎÔÌÙ ÅÌÁÂÏÒÁÔÅ ÆÒÁÍÅÓȱ (Landman et al., 2017a). I argue that 

ȬÓÕÆÆÉÃÉÅÎÔÌÙ ÅÌÁÂÏÒÁÔÅ ÆÒÁÍÅÓȭ ÎÅÅÄ ÔÏ ÂÅ ÆÕÒÔÈÅÒ ÁÒÔÉÃÕÌÁÔÅÄ ÔÏ ÍÁËÅ ÐÒÁÃÔÉÃÁÌ ÓÅÎÓÅ ÉÎ the 

ÏÐÅÒÁÔÏÒÓȭ language. 

Talone & Jentsch (2015) add another important element to the onset of an abnormal or 

emergency situation context, namely distractionȟ ȰÔÈÅ ÄÉÖÅÒÓÉÏÎ ÏÆ ÁÔÔÅÎÔÉÏÎ Á×ÁÙ ÆÒÏÍ ÁÃÔÉÖÉÔÉÅÓ 

that are required for the accomplishment of a primary goal to other competing sensory (e.g., 

ÖÉÓÕÁÌȟ ÁÕÄÉÔÏÒÙȟ ÂÉÏÍÅÃÈÁÎÉÃÁÌɊ ÁÎÄ ÃÏÇÎÉÔÉÖÅ ÁÃÔÉÖÉÔÉÅÓȢȱ ɉ4ÁÌÏÎÅ Ǫ *ÅÎÔÓÃÈȟ ςπρυɊ 4ÈÅÙ ÁÒÇÕÅ 

that the startle may be less problematic to the flight deck. Still, it can trigger a negative 

performance, most likely due to the added effects of surprise and distraction. 

2ÁÎËÉÎȟ 7ÏÌÔÊÅÒȟ &ÉÅÌÄȟ Ǫ 7ÏÏÄÓ ɉςπρσɊ ÃÏÎÃÌÕÄÅ ÔÈÁÔ ÉÎÔÅÒÖÉÅ×Ó ×ÉÔÈ ÐÉÌÏÔÓ ȰÓÕÇÇÅÓÔ ÔÈÁÔ 

ÔÒÁÉÎÉÎÇ ÔÏÄÁÙ ÄÏÅÓ ÎÏÔ ÁÄÅÑÕÁÔÅÌÙ ÐÒÅÐÁÒÅ ÐÉÌÏÔÓ ÔÏ ÃÏÐÅ ×ÉÔÈ ÓÕÒÐÒÉÓÅȱ ɉ2ÁÎËÉÎ ÅÔ ÁÌȢȟ ςπρσɊȟ ÂÕÔ 

they offer no practical solution yet. (Rankin et al., 2013) 

A possible solution may come from senior British examiner, captain Michael Watt, 

suggesting to train pilots in a high-ÌÅÖÅÌ ȰÓÕÒÐÒÉÓÅ ÍÁÎÁÇÅÍÅÎÔ ×ÏÒËÆÌÏ×ȱȟ ×ÈÉÃÈ ÃÏÍÐÒÉÓÅÓ Á 

well-articulated version of the Airbus Golden 2ÕÌÅÓ ÁÎÄ ȰÄÉÓÃÉÐÌÉÎÅÓ ÔÈÅ ÔÈÉÎËÉÎÇ ÁÂÏÕÔ ÔÈÅ ÒÉÇÈÔ 

ÔÈÉÎÇȱȢ 7ÁÔÔ ÁÒÇÕÅÓ ÔÈÁÔ ȰÔÈÅ ÃÈÁÌÌÅÎÇÅ ÉÓ ÎÏÔ ÔÒÁÉÎÉÎÇ ÔÈÅ ×ÏÒËÆÌÏ× ÉÔÓÅÌÆȟ ÂÕÔ ÔÒÁÉÎÉÎÇ ÐÉÌÏÔÓ ×ÈÏ 

ÁÒÅ ÓÕÆÆÅÒÉÎÇ ÁÌÌ ÔÈÅ ÐÈÙÓÉÏÌÏÇÉÃÁÌ ÒÅÁÃÔÉÏÎÓ ÔÏ ÔÈÅ ÓÕÒÐÒÉÓÅȟ ÔÏ ÔÕÒÎ ÔÏ ÔÈÅ ×ÏÒËÆÌÏ×Ȣȱ (Å 

summarised ÔÈÉÓ ÓÉÔÕÁÔÉÏÎ ÁÓ Á ÃÏÎÕÎÄÒÕÍȡ ȰÐÉÌÏÔÓ ÎÅÅÄ ÔÈÅ ÃÏÇÎÉÔÉÖÅ ÁÂÉÌÉÔÙ ÔÏ ÕÓÅ ÔÈÅ ×ÏÒËÆÌÏ× 

ÅØÁÃÔÌÙ ×ÈÅÎ ÔÈÅÙ ÍÉÇÈÔ ÎÏÔ ÈÁÖÅ ÔÈÅ ÃÏÇÎÉÔÉÖÅ ÁÂÉÌÉÔÙ ÔÏ ÄÏ ÓÏȱȟ ÄÕÅ ÔÏ ÔÈÅ ÅÆÆÅÃÔÓ ÏÆ ÓÔÁÒÔÌÅ ÁÎÄ 

surprise (M. Watt, personal communication, 22 April 2020). 

J. Leach, ÉÎ ÔÈÅ ςππτ ÐÁÐÅÒ 7ÈÙ 0ÅÏÐÌÅ Ȭ&ÒÅÅÚÅȭ ÉÎ ÁÎ %ÍÅÒÇÅÎÃÙȡ 4ÅÍÐÏÒÁÌ ÁÎÄ #ÏÇÎÉÔÉÖÅ 

#ÏÎÓÔÒÁÉÎÔÓ ÏÎ 3ÕÒÖÉÖÁÌ 2ÅÓÐÏÎÓÅÓȟ ÁÒÇÕÅÓȡ Ȱ4ÈÅ ÂÒÁÉÎ ÉÓ ÓÔÒÕÃÔÕÒÅÄ ÉÎ ÓÕÃÈ Á ×ÁÙ ÔÈÁÔ ÒÅÓÐÏÎÓÅ 

time can be improved through practice, training, and experience in advance of any disaster. Such 

ÐÒÅÐÁÒÁÔÉÏÎ ÉÎÖÏÌÖÅÓ ÃÏÎÖÅÒÔÉÎÇ ÃÏÍÐÌÅØ ÃÏÇÎÉÔÉÖÅ ÏÐÅÒÁÔÉÏÎÓ ɉ×ÈÉÃÈ ÔÁËÅ ψȤρπ ÓɊ ÉÎÔÏ ÓÉÍÐÌÅ 

ÃÏÇÎÉÔÉÖÅ ÏÐÅÒÁÔÉÏÎÓ ɉ×ÈÉÃÈ ÔÁËÅ ρȤς ÓɊȱ ɉ,ÅÁÃÈȟ ςππτɊ 

This observation explains the benefits of using practised memory items to ensure a 

correct immediate response in time-critical situations. It may be worth researching if training in 

7ÁÔÔȭÓ ÁÒÔÉÃÕÌÁÔÅÄ ÈÉÇÈ-level surprise management workflow as a high-level memory item and 

integrating it in the middle of a most critical situations boundary model (Figure 31) could offer 

an effective and holistic training solution that could benefit a much broader spectrum of potential 
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abnormal and emergency situations. This approach may provide an alternative integrated view 

on pilot training, potentially enabling the pilots to better fly and navigate (Airbus, 2019a) from 

the initial onset of a failure all the way down to reach the desired outcome, as suggested by 

(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓ ɉςππυɊȡ Ȱ)ÎÓÔÅÁÄ ÏÆ ÔÒÙÉÎÇ ÔÏ ÓÏÌÖÅ ÔÈÅ ÓÐÅÃÉÆÉÃ ÐÒÏÂÌÅÍÓ ÏÎÅ ÂÙ ÏÎÅȟ ÔÈÅ 

solution lies in understanding the common root of the problems, and to overcome this by 

ÐÒÏÐÏÓÉÎÇ ÁÎ ÁÌÔÅÒÎÁÔÉÖÅȟ ÉÎÔÅÇÒÁÔÅÄ ÖÉÅ×Ȣȱ ɉ(ÏÌÌÎÁÇÅÌ Ǫ 7ÏÏÄÓȟ ςππυȟ ÐȢρωɊ 

I also believe that training pilots in a combined articulated high-level surprise 

management workflow and a management comfort/confidence envelope bounded by most 

critical situations would complement and benefit the new Evidence Based Training (EBT) 

approach. The EBT is described in the EBT ICAO Manual Document 9995 (ICAO, 2013).  

Many airlines are currently implementing this new approach to pilot simulator training. 

"ÁÓÅÄ ÏÎ ÅÖÉÄÅÎÔÉÁÌ ÓÔÁÔÉÓÔÉÃÓȟ %"4 ÁÉÍÓ ÔÏ ÉÍÐÒÏÖÅ ÐÉÌÏÔÓȭ ÒÅÓÐÏÎÓÅ ÔÏ ÓÕÒÐÒÉÓÅ ÓÉÔÕÁÔÉÏÎÓ ÂÙ 

developing the following competencies: 

Ɇ Application of procedures 

Ɇ Communication 

Ɇ Flight Path Management, automation 

Ɇ Flight Path Management, manual control 

Ɇ Leadership and Teamwork 

Ɇ Problem Solving and Decision Making 

Ɇ Situation Awareness 

Ɇ Workload Management 

4ÈÅÓÅ ÃÏÍÐÅÔÅÎÃÉÅÓ ȰÅÎÃÏÍÐÁÓÓ ×ÈÁÔ ×ÁÓ ÐÒÅÖÉÏÕÓÌÙ ËÎÏ×Î ÁÓ ÂÏÔÈ ÔÅÃÈÎÉÃÁÌ ÁÎÄ ÎÏÎ- 

technical knowledge, skills and attitudes, aligning the training content with the actual 

ÃÏÍÐÅÔÅÎÃÉÅÓ ÎÅÃÅÓÓÁÒÙ ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÃÏÎÔÅÍÐÏÒÁÒÙ ÁÖÉÁÔÉÏÎȱ ɉ)#!/ȟ ςπρσɊȢ 4ÈÅÙ ÁÒÅ 

assessed using the behavioural indicators described in Appendix 1 of the EBT ICAO Manual (ICAO, 

2013). 

To better achieve some of the behavioural indicators associated with EBT competencies, 

pilots might benefit from using judgment heuristics through which they can spare the mental 

capacity required for managing other tasks and distractions. 

To link the results of this research with the potential benefits of implementing judgment 

heuristics training in EBT, let us look at the complete list of behavioural indicators associated 

with four competencies that are relevant to the simulation scenario used in this research: 

Workload Management, Situational Awareness, Problem Solving and Decision Making, and Flight 

Path Management with manual control (ICAO, 2013, Appendix 1): 
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Competency & 
Competency description 

Behavioural indicators 

Workload Management 
 
Manages available resources 
efficiently to prioritize and 
perform tasks in a timely 
manner under all 
circumstances. 
 

¶ Maintains self-control in all situations  
¶ Plans, prioritizes and schedules tasks effectively  
¶ Manages time efficiently when carrying out tasks 
¶ Offers and accepts assistance, delegates when necessary 

and asks for help early  
¶ Reviews, monitors and cross-checks actions 

conscientiously  
¶ Verifies that tasks are completed to the expected outcome 
¶ Manages and recovers from interruptions, distractions, 

variations and failures effectively 

 
Situation Awareness 
 
Perceives and comprehends 
all of the relevant 
information available and 
anticipates what could 
happen that may affect the 
operation. 

¶ Identifies and assesses accurately the state of the  and its 
systems 

¶ )ÄÅÎÔÉÆÉÅÓ ÁÎÄ ÁÓÓÅÓÓÅÓ ÁÃÃÕÒÁÔÅÌÙ ÔÈÅ ȭÓ ÖÅÒÔÉÃÁÌ ÁÎÄ 
lateral position, and its anticipated flight path. 

¶ Identifies and assesses accurately the general 
environment as it may affect the operation 

¶ Keeps track of time and fuel 
¶ Maintains awareness of the people involved in or affected 

by the operation and their capacity to perform as expected 
¶ Anticipates accurately what could happen, plans and stays 

ahead of the situation 
¶ Develops effective contingency plans based upon potential 

threats 
¶ Identifies and manages threats to the safety of the and 

people. 
¶ Recognizes and effectively responds to indications of 

reduced situation awareness 

Problem Solving and 
Decision Making 
 
Accurately identifies risks 
and resolves problems. Uses 
the appropriate decision-
making processes 

¶ Seeks accurate and adequate information from 
appropriate sources 

¶ Identifies and verifies what and why things have gone 
wrong 

¶ Employ(s) proper problem-solving strategies  
¶ Perseveres in working through problems without 

reducing safety  
¶ Uses appropriate and timely decision-making processes  
¶ Sets priorities appropriately  
¶ Identifies and considers options effectively 
¶ Monitors, reviews, and adapts decisions as required  
¶ Identifi es and manages risks effectively 
¶ Improvises when faced with unforeseeable circumstances 

to achieve the safest outcome 
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Flight Path Management, 
manual control 
 
Controls the  flight path 
through manual flight, 
including appropriate use of 
flight management 
system(s) and flight 
guidance systems. 

¶ Controls the  manually with accuracy and smoothness as 
appropriate to the situation 

¶ Detects deviations from the desired  trajectory and takes 
appropriate action 

¶ Contains the  within the normal flight envelope 
¶ Controls the  safely using only the relationship between  

attitude, speed and thrust 
¶ Manages the flight path to achieve optimum operational 

performance 
¶ Maintains the desired flight path during manual flight 

whilst managing other tasks and distractions 
¶ Selects appropriate level and mode of flight guidance 

systems in a timely manner considering phase of flight and 
workload 

¶ Effectively monitors flight guidance systems including 
engagement and automatic mode transitions 

Table 17. EBT competencies and associated behavioural indicators (ICAO, 2013, Appendix 1) 

Following the crew familiarization with judgment heuristics to manage an ALL ENG FAIL 

situation at cruising altitude, the comparative simulations and questionnaire results obtained in 

this experimental research may indicate an improvement in most behavioural indicators 

associated with the four EBT competencies presented in Table 11. 
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8 Conclusions 

The scientific object of this research undertaken following an experimental design 

methodology was the Airbus A320 ALL ENG FAIL QRH procedure (Airbus, 2019d, ABN 19.01A). 

The experimental variable was represented by judgment heuristics that integrate tacit 

knowledge, which is passed verbally from pilot to pilot but is not written anywhere. The purpose 

of this research was to observe how the ALL ENG FAIL manufacturer procedure contributes to 

the management of an ALL ENGINES FAIL situation at cruising altitudes and to investigate 

whether the addition of judgment heuristics impacts the desired outcome defined as landing and 

stopping on an available runway. 

The research results show that the QRH procedure induces pilots into a scrambled control 

mode (Hollnagel & Woods, 2005) as it does not offer pilots effectively operationalizable 

ÎÁÖÉÇÁÔÉÏÎÁÌ ÉÎÆÏÒÍÁÔÉÏÎȢ !ÓÓÕÍÉÎÇ ÔÈÁÔ ÏÎÅ ÏÆ ÔÈÅ ÍÁÎÕÆÁÃÔÕÒÅÒ ÐÒÏÃÅÄÕÒÅȭÓ ÐÕÒÐÏÓÅ ÉÓ ÔÏ 

enable pilots to make a successful forced landing on a reachable runway if the engines cannot be 

restarted, a reconsideration of the procedure design is necessary. It should offer the pilots a 

coherent, easy to calculate and monitor gliding information, commensurate with their 

contextually foreseeable cognitive workload abilities and limitations (Jarvis et al., 2014; Landman 

et al., 2017a; Moriarty, 2015; Rankin et al., 2016; Wilson & Sharples, 2015). 

The judgment heuristics improved the management of the situation by effectively 

simplifying the navigational calculations required to control the glide, offering straight-in and 

circling approach options familiar to what the pilots have been taught and experienced 

throughout their flight careers (Clewley & Nixon, 2019). These improvements could be detected 

ÂÏÔÈ ÏÎ ÔÈÅ ÂÁÓÉÓ ÏÆ ÔÈÅ ÐÉÌÏÔÓȭ ÓÅÌÆ-assessment and on the basis of the fact that the addition of 

judgement heuristics has led to an increased number of successful landings during the 

simulations. The simplified calculations offered by the judgment heuristics provide a more 

restrictive gliding distance answer. In contrast, the higher cognitive resources demanded by the 

manufacturer procedure may offer a greater and more accurate distance. After being briefed on 

and having practised the use of judgment heuristics, all the pilots participating  in this research 

preferred to use heuristics to calculate and monitor their navigational profile. Their choice of 

good enough simplicity over more real complexity represents an example of Efficiency-

Thoroughness Trade-Off (ETTO) (Hollnagel, 2009) and might be useful to consider during an 

eventual procedure re-design. 

The benefits of using judgment heuristics to control the glide are visible, significant, and 

more accentuated in the latter stages of the descent when time and options narrow down to zero 

at touch down. This conclusion is clearly indicated by ÔÈÅ ÐÉÌÏÔÓȭ ÒÁÔÉÎÇÓ ÏÆ ÔÈÅÉÒ ÐÅÒÃÅÉÖÅÄ 

situational awareness (knowledge of the aircraft energy state and ability to anticipate and 

accommodate trends), the effort required to manage the cognitive workload, and decision-

making rating scales (Gawron, 2008) which were part of the comparative questionnaires that 

followed the observed comparative simulations. 

The results of the present study suggest directions for further research, exploring the 

potential benefits of implementing training heuristics in official training programs, especially in 

light of the fact that, during the initial interviews, the pilots indicated several abnormal and 

emergency situations that they perceive as most critical. Training pilots in heuristics that would 

help them manage these situations up to a level of proficiency that would boost their confidence 
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in their abilities to maintain control of the aeroplane, together with an articulated high-level 

surprise management workflow (M. Watt, personal communication, 22 April 2020), may have a 

ÐÏÓÉÔÉÖÅ ÉÍÐÁÃÔ ÏÎ ÐÉÌÏÔÓȭ ÃÏÇÎÉÔÉÖÅ ×ÏÒËÌÏÁÄȟ ÓÉÔÕÁÔÉÏÎÁÌ Á×ÁÒÅÎÅÓÓȟ ÏÒ ÄÅÃÉÓÉÏÎ-making 

processes (Jarvis et al., 2014; Moriarty, 2015; Neisser, 1976) required to make the necessary 

trade-offs (Hollnagel, 2009) and their subsequent actions. Such training could easily complement 

the already existing Evidence-Based approach (ICAO, 2013). 
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Appendix 1 ς The Airbus !онл Ψ![[ 9bD C!L[Ω QRH procedure 
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Appendix 2 ς Technical details of simulators used 
 

The Wizz Air certified simulator in Budapest 

The certification documents of the Wizz Air simulator are:  

 

Figure 32. Simulator certification document 
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Figure 33. Simulator certification document 
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The simulator can generate horizontal path profiles and only short final approach vertical profiles 

as follow: 

 

Figure 34. Simulation path and ILS approach profiles ɀ Budapest simulator 

 

The FlightX non-certified simulator in Cluj-Napoca 

The technical details of the Flight Experience (FlightX) non-certified simulator are: 

¶ SKALARKI ELECTRONICS A320 cockpit components and SKALARKIIO Profiler 5.1.3 

(https://www.skalarki -electronics.eu/) 

¶ Lockheed Martin Prepar3D v4.4 platform (https://www.prepar3d.com/)  

¶ ProSim-AR ProSimA320 v1.36 suite for systems simulation can simulate all mandatory ATA 

failures and even more for a total of 320 failures. (https://prosim-ar.com/prosima320/)  

¶ 210-degrees immersive field of view, ensured by three projectors and Fly Elise-ng Immersive 

Display PRO v4.3.0 software (https://fly.elise -ng.net/immersive-display-pro/ ) 

¶ simFDR is a software tool that connects to Prepar3D v4 to extract and save relevant flight 

parameters. It does this the same way a Digital Flight Data Recorder would receive and store 

data from system sensors in a real aircraft (simfdr.com).  

The simulator can generate output data in the following formats:  

https://fly.elise-ng.net/immersive-display-pro/
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Figure 35. Simulation path view - Cluj-Napoca simulator 

 

 

Figure 36.  Simulator data output ɀ Cluj-Napoca simulator 
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Figure 37.  Simulator data output ɀ Cluj-Napoca simulator 

 

 

Figure 38.  Simulator data output ɀ Cluj-Napoca simulator 
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Appendix 3 ς Simulation: initial position, plotting the flight path, and 

extracting the data 

Initial position 

The initial position was clearly defined, starting with crew number 4. The first three crews 

were used to test the simulation process. They were positioned at cruising altitude of FL350, 

flying westbound over the Austro-Hungarian border, South of Bratislava. Budapest was more 

than 80NM straight ahead, while Vienna and Bratislava will be within the 40NM range. I found 

that setting up this position in the simulator was imprecise in both the Wizz Air and the FlightX 

simulators, as none of the simulators shows the borders on the simulator map and there was no 

Latitude/Longitude position previously defined.  

 

 

 

 

 

 

Figure 39. Simulation 1 to 3 approximate initial position - map view 

Starting with crew number 4, the simulations were done using an identical setup and 

standardized positioning method. The positioning was done by performing a take-off from VIE 

RWY11, maintaining runway heading until reaching 40NM from VIE RWY29 ILS. The simulation 

ÃÏÎÔÉÎÕÅÄ ÉÎ ȬÐÏÓÉÔÉÏÎ ÆÒÅÅÚÅȭ ÕÎÔÉÌ ÔÈÅ ÃÌÉÍÂ ÔÏ &,συπ ×ÁÓ ÃÏÍÐÌÅÔÅÄȢ 4ÈÉÓ ÂÅÃÁÍÅ ÔÈÅ ÎÅ× 

starting position for the research, a more precise and more straightforward  setup. The initial 

position change does not impact the research results, as the first three simulations were used for 

testing purposes and do not count towards the simulation research results.  

 

Figure 40. Crew 5 to 12: initial position   
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Simulation data from the Wizz Air certified simulator in Budapest 

The Wizz Air simulator in Budapest generated a complete flight path profile  (plan view), 

a zoomed flight path profile (plan view), and a short final ILS vertical profile. The path profiles 

were imported into the Google Earth Pro online platform as an overlay picture. The accuracy of 

the distance was ensured using the range circle printed on the simulator-generated profiles 

overlaid on a manually created range circle created in Google Earth. A more precise location was 

determined by overlaying the simulator generated airport diagram on the Google Earth airport 

diagram.  

 

Figure 41. Google Earth PRO manual reconstruction of path profile - Budapest simulator 

The distance information was retrieved from manually recreating the aeroplane path 

over the overlaid simulator-generated profiles in Google Earth.  

The altitude, speed, and configuration information were inferred from the video 

recordings and manually plotted on the Google Earth map.  
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Simulation data from the FlightX non -certified simulator in Cluj -Napoca 

The FlightX simulator in Cluj-Napoca uses simFDR as a software tool that generates a 

complex set of data, exportable into an Excel file as follows:  

 

Figure 42. simFDR data output - Cluj-Napoca simulator 

The latitude/longitude/altitude/speed values  were then imported in Google Earth Pro. 

The flight path, altitude, speed, and configuration details can thus be retrieved with a higher 

degree of accuracy. The final simulation profiles present the data relevant to the intended 

measurements. 

 

Figure 43. Google Earth PRO final simulation profile - both simulators 

Studying the flight profile required a definition of a reference profile, and this was done 

using the Airbus QRH and heuristic reference profiles. Aspects like the altitude, distance to the 

runway threshold, speed, altitude, and speed at the threshold were noted. The performance of 

the crew was tabulated for the first and third simulation. The same parameters were observed to 

determine the variation around the reference profiles. The delta distance to the threshold, speed 

(per each relevant flight level) and speed and altitude at the threshold were recorded. Finally, it 

was noted whether or not the landing was successful. 
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Appendix 4 ς Questionnaires: calibration and data extraction 

China Lake Situational Awareness Rating Scale  

Figure 44. China Lake Situational Awareness Rating Scale (Gawron, 2008, p.239) 

The original form presented in figure 43 has been decomposed into its three sub-elements 

and re-worded for a better understanding: 

1. knowledge of a/c energy state/environment/gliding distance  

2. ability to anticipate or accommodate trends 

3. shedding of tasks 

 

The information has been recomposed in a tick-the-box tabulated form, which the pilots 

used to rate their SA perception at FL300, FL200, FL100 and 6000ft.  

 

 
Figure 45. SA rating form 
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Bedford Workload Scale  

 

 

Figure 46. Bedford Workload Scale (Roscoe, 1984, p12-8, as cited by Gawron, 2008, p.161) 

This rating scale has been used without any text modification.  

  



Gliding an Airbus A320; Simplicity-Complexity Trade-Off 

83 
 

Cooper-Harper Rating Scale 

 

Figure 47. Modified Cooper-Harper Rating Scale (Gawron, 2008, p.168) 

This rating scale has been re-worded for better understanding and presented as follows: 
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Figure 48. Reworded Modified Cooper-Harper Rating Scale (Gawron, 2008, p.168) 

Crews number 1, 2, and 3 have filled out the questionnaire rating scales on paper. Starting 

with  crew number 4, all the questionnaires have been moved online, using the 

www.surveymonkey.com online survey platform. The pilots were able to access this platform on 

their mobile phones after the first and third simulations. The results were exported in PDF format 

and then coded in a separate Excel file.  

For the China Lake Situational Awareness Rating Scale, a weighted Situational Awareness 

(SA) average has been made for each relevant Flight Level (300, 200, 100, 60).  This showed the 

mean Situational Awareness level as perceived by the crew when considering the three criteria  

being evaluated: knowledge of a/c energy state/environment/gliding distance, ability to 

anticipate or accommodate trends, and shedding of tasks. In the weighted average, the values 

correspond to the original SA Scale Values, and the weights are the number of occurrences for 

each value. (i.e., for an SA of 1 at A/C ES/ENV/GD, 2 at ability to accommodate and anticipate 

trends and 3 at shedding of tasks, each one would be taken into consideration once within the 

weighted average: (1 * 1 + 2 * 1 + 3 * 1) / (1 + 1 + 1) = 6 / 3 = 2). 

http://www.surveymonkey.com/
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The same rationale applies to determining the SA level for CM1 within SIM 2. Then, to 

determine whether the heuristics made any improvements to the level of SA for CM1 or not, a 

difference between the two SA levels was made. A positive delta indicates an improvement, while 

a negative delta indicates otherwise. The actual value of the delta reflects the jump along the SA 

3ÃÁÌÅȡ Á ÄÅÌÔÁ ÏÆ ς ÍÁÙ ÉÎÄÉÃÁÔÅ Á ÊÕÍÐ ÆÒÏÍ Ȱ!ÄÅÑÕÁÔÅȱ ÔÏ Ȱ6ÅÒÙ ÇÏÏÄȱ ÏÒ ÆÒÏÍ Ȱ0ÏÏÒȱ ÔÏ Ȱ'ÏÏÄȱȟ 

for example.  

Next, CM 2 must be taken into consideration as well, and so the same rationale will be 

applied to him, thus resulting in a delta SA for CM2 between SIM 1 and SIM 2. 

In order to determine the improvement of the crew as a whole in the matter of SA, an 

average per simulation has been made between the crew members (i.e., if CM1 rates his SA at 3 

and CM2 rates his SA at 2, then the crew average will be 2.5), resulting in two sets of SA's for every 

relevant flight level. Finally, to observe the difference in performance between the two 

simulations on a crew basis, a delta must be made between the two sets of SA's. Therefore, the 

result is a crew delta SA for every relevant flight level results. As before, a positive delta indicates 

an improvement, while a negative delta indicates otherwise. 

The crew members were asked to assess their perceived workload level using the Bedford 

Workload Scale, noting the workload level for each simulation. A delta between the perceived 

workload level per crew member between simulations was made and compared to observe any 

judgment heuristics impact. A positive value suggests improvement, while a negative value 

indicates otherwise. Then, to indicate a general crew improvement in workload management 

abilities , an average was made between the values obtained for CM1 and those obtained for CM2. 

Similarly, studying crew decision-making abilities required using a modified Cooper-

Harper Rating Scale. A delta between the perceived decision-making ability level per crew 

member between simulations was made. Then, to indicate a general crew improvement in 

decision-making, an average was made between the values obtained for CM1 and those obtained 

for CM2. 
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Appendix 5 ς Simulation profiles data & questionnaires results 

 

Figure 49. Crew 4 simulation 1 plan view 

 

Figure 50. Crew 4 simulation 1 plan view (zoomed) 

CREW 4 PROFILE SIM 1      
FL/ALTITUDE DIST. TO RWY IAS  ɝ $)34 ɝ )!3 

FL200 63.07 220  14.07 14 

FL100 24.5 220  0.5 14 

3000 ft 3.76 166  -1.24 0 

ALT AT THR 370 0 187  THR IAS 21 

LANDING RUNWAY OVERRUN  THR ALT 320 
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Figure 51. Crew 4 simulation 3 plan view 

 

Figure 52. Crew 4 simulation 3 plan view (zoomed) 

   

CREW 4 PROFILE SIM 3    
   

FL/ALTITUDE DIST. TO RWY IAS  ɝ $)34 ɝ )!3   

FL200 59 276  19 70    

FL100 23.7 212  3.7 6  
  

3000 ft 5.45 203  -0.55 13  
  

ALT AT THR 256 0 172  THR IAS 6    

LANDING SUCCESSFUL  THR ALT 206    

           






















































