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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
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
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 I as a feedforward artefact addition to
manufacturer procedure T to manage the situation. The results point to a
significant benefit of adding judgment

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

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

This research proposes a comparative experimental simulation of an ALL ENGISIEAIL
emergency on board arAirbus A320, aiming to see howjudgment heuristics contribute to the
PDEI T 006 1 Al Algdi AT O 1T £ OEA

When dealing with an ALL ENGINEFAIL situation,if the engines cannot be restartedthe
airline pilots suddenly become glider pilots andthey 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 feld
highway. ldeally, the pibts will manage to land on a runway. This situation presents two
significant challenges:calculatingif a runway can be reache@nd monitoring the calculated profile
throughout the descent, correcting eventual deviationsSimultaneously, the pilots will try to
relight the engines and follow the procedureas thoroughly as possible The workload and
cognitive task load increase significantly and suddenly.

This research observes and compares how airline crews manage this failure usiogly the
manufacturer procedure and how they manage the same situatioafter being briefed and trained
on the use of OE | B1 E AmAthumbd ©pd iofAh@uristics in addition to the manufacturer
procedure. After each simulationthe 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 trainingjudgment heuristics on other emergenges as
part of a pilot training syllabus.
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Abstract

In the unlikely critical event of anAirbus A320 aeroplane sufferinganall engines failure at cruising
altitude, would the pilots be able to follow procedures and land safely on eachable runway?
Nine out of twelve simulations done during this researchresulted in a crash when the pilotsused
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 researchthey can All of them.

This research poposes an experimental comparative simulation design, drawing upon the
Cognitive Systems Engineeringpproach, exploring the contribution ofjudgment heuristics 7 as a
feedforward artefact addition to the manufacturer procedure z to managethe situation. The
results point to a significant benefit of adding judgment heuristics tothe DPE1T O ODB.ITAel @6
conclusion proposedfurther researchto explore the potential benefits of training pilots the use of
judgment heuristics for other critical situations aspart of the airline pilot training syllabus. It also
suggestsa re-design of theAirbus A320ALL ENGINES FAIL procedure.
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Glossay

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 ofall available resourceso 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 developmeni{EASA, 2016European Union, 201).

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 stepby-step guidancethat pilots must follow.

FCTM: The Flight Crew Technigues Manual (FCTM) provides complementary information
to the Flight Crew Operating Manual (FCOM): the general Airbus operational
philosophy (e.g., design and utigation principles, Golden Rulegor pilots), additional
information to the FCOMP OT AAAOOAO | OEA OxEUec O Al Al Z
DPOAAOEAAOh 1T PAOAOCET ¢ OAAETENOGAOG 11 1T ATTAO
situation awareness.(Airbus, 2019b, Gl P 1/22)

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

setting. In this way, all flyingaircraft use the same altimeter datato 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. Aground-based guidance systenthat allows the

aeroplanes to follow a precise lateral and vertical final approach profile to reach the
runway touch down zone.

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

PM: Pilot Monitoring z the pilot that monitors and assists the pilot flying to control the
aeroplane.

QRH: The Quick Reference Handboolks a printed or electronic document that is quickly
available to the pilots on the flight deck. It includesa chapter ;n abnormal
procedures.

SOP: Standard Operating Proceduresiccording to their role, procedures are learned and

applied by all the crew members of an airlie.

Type-rating: Training course for pilots. During typerating, the pilots learn how to fly a specific
type of aeroplane. E.g.Boeing 737, Airbus A320.
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Gliding an Airbus A320; SimplicityComplexity Trade Off

1 Gliding an Airbus A32@®implicity-Complexity TradeOff

My Interest in this research topic originatesfrom my professional experience. | am an
Airbus A320 training captain and a Crew Resource Management (CRIlifistructor working for an
airline in Europe and the Middle EastPilots learn and follow numerous procedures for both
normal andabnormal situations. In abnormal and emergency situationgilots may be affected by
asudden increasan cognitive workload or by the effects of startle and surprisewhich can impact
their cognitive capacity(Jarvis et al., 2014Amalberti, 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 occasios, trainers and more experienced pilotsaught mealternative simplified
ways to manage complexsituations in a mentally economical way This simplified verbal
knowledgez OAAOET U APDPI EAA DPOI AAAOGOAO A O jApEdiAGE (TAD.
4 EOI Ah pisrotdrserd in any Airbus or training documentation

I chose to research hovsuchverbal knowledge contributes to the management of an ALL
ENGINE FAIL at cruisingaltitudes situation in an Airbus A320, which | believe is a excellent
example ofa complex and time-pressured situation that may exposethe crew to the effects of a
sudden increase incognitive workload.

In the past, the most common cause of all engines failure was fuel starvation, but e
have been other cases due to ldrstrikes, various forms of water ingestion such as hail, ice, heavy
rain, flying through volcanic ash, or debrisngestion. Despite their low frequency, such failures
have a high impact on the outcomelhe aviation-safety.netdatabase 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 O! 11 %l CET A .01 xAO1I 1 OOhd 1 8A8Q

From apilot& perspective, a acroplane whose engineshave allfailed suddenly becomes
a heavyglider. Unless at least one engine can be restarted, deciding a landing spotz ideally a
runway z becomes the critical area of concernThe crew is facedwith a set of challenges in
calculating and controlling the glide path.An A320 crev may be startled and surprised following
the sudden change from normal work to a critical situation with an increased workload, anithe
pilots may not be ableto use thenavigational guidanceavailable in the Airbus Quick Reference
Handbook (QRH?2 due tolack of training.

1 Crew Resource Management (CRM) is a mandatory training for airline crews.pitomotes the use ofall
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 resiliene development(EASA, 2016European Union, 201).

2The Quick Reference HandbookQRH) is a printed or electronic document that is quickly available to the
pilots on the flight deck. t includes a chapter of abnormal procedures.

1
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The regulatory document for training Airbus A320 pilots is theAirbus A320 Flight Crew
Training Standards(Airbus, 2019e). The ALL ENGAIL procedureis 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:

f Inafull task training devicewit OBDOUAEIT 1 1 CEAAI 6 AADPAAEI EOU ¢
1 Maneuver capability in real time
1 Full flight environment simulation capability.

1 With instructor guidance.

AEA OAOI ODPOUAEIITT CEAAI 6 OAEAOO O1 OEA AAPAA

the tasks performad by the flight crew have a similar physical anémotional impact as

they would have when the flight crew operates the reaircraft.

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

The document lists the ALL ENIBIESFAIL situation asa mandatory item during type-
rating but doesnot specify that the simulation must continue with the failed enginesall the way
to landing.

In May 2010, when Idid my A320 type-rating at the Airbus Training Centre in Toulouse, |
practised the ALL ENG FAIL procedure, bthe exercise focused on restarting the engines. | was
not trained on how to interpret and apply thenavigational guidance presented in the QRHargue
that the ALL ENG FAIL procedure is very compi@nd requires not only a sound prior structural
understanding but also a lot ofcognitive capacity to managen accordane with the manufacturer
guidance

The Airbus Flight Crew Techniqgues ManugFCTM)instructs the pilots first to follow the
Airbus golden rule #1: Gly, navigate, communicate: in this order anwith the appropriate task
O E A O@itb@p2019a, PRAERENG P 5/24)
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4EA | EOde®RulesEl O Oakelal 0006
form of high-level operational guidelines that
consider OE A OA A A Ba@AfPikyl pincidlegE

o = fl > . . . = S A AT
Iﬁ about the required crew coordinatiord x EEIT A Al Ol

to  modern-technologyd provide Gnformation

FOR PILOTS a

taking into account CRM principles,aiming to

utimately OEAT B DPOAOAT O OEA AAOQC
accidents or incidents and to ensure flight

A E£/FEE A @ifbLsA20ED8&, AOPA0 P 1/4) Ashigh

level operational guiding principles, | argue they

“ Fly, navigate and communicate:

In this order and with appropriate tasksharing remain highly underspecified
g Use the appropriate level of ) )
automation at all times After complying with golden rule #1, the
&) Understand the FMA at all times pilots must turn to the situation-specificchecklists
(3 Take action if things do not go and procedures Following all engine failure, there
N SXpecisd @ AIRBUS 2 significant changes in the electrical and
hydraulic systems (Airbus, 2019a, PRAERENG P
Figure 1. Airbus Golden Rules 2/24) which suddenly trigger a separate task-
(Airbus, 2019a) sharing situation on the flight deck

Pilot Flying (PP, in this casethe pilot occupying the left seatdealswith coordinating and
controlling the aeroplane trajectory (fly, navigate, communicat®é and, provided fuel is still
available, maintaining sufficient airspeed that would eventually allow the windmilling engines to
relight. The Rlot Monitoring (PM), occupying the right seaf attempts to relight the enginesby
following the Electronic Centralised Monitoring system (ECAM)and running through the QRH
procedure (Airbus, 2019b, PRAERENG P 5/24) The ECAM and the QRH offeéough gliding range
information in no wind conditions, based on performance envelopéfactory) data.

As a result, depending on actual parameters, the actual glidinistance 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,
PRAERENG P 5/24)

If a runway isaccessible and within the gliding range envelopes it possible to effectively
fly and navigatean Airbus A320 with failed enginesfrom cruising altitudesto reachingadesirable
outcome (safely landing and stoppingon the runway), using only the guidance offered by the
manufacturer procedure?l doubt it. | believe there is a gap in therocedure design andraining
standards:

Firstly, larguethat AT T OEAAOET ¢ OEA bDi OAT OEAI AZE£EAAOO 11
surprise and the sudden increase in workload in the cockpithe Airbus A320 ALL ENG FAIL QRH

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

3
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procedure offersflight crew anything but navigational sensemakingguidance(Rankin, Woltjer, &
Field, 2016). Secondly, the Airbus Training Sandards regulatory document does not require

training pilots this level Eprocedure/technique to asufficient level of knowledge and skil(Airbus,

2019e, p.74)that would enablethem to demonstrate proficiency in calculating andcontrolling a
gliding profile from cruising altitudes all the way down to landing on a runway | argue that
following the Airbus Training Standards airline crews that completedan A320 typerating course
remain unprepared for areal ALL ENGINES FAltritical situation, which is atypical, unfamiliar

(Clewley & Nixon, 2019)and untrained.

From a flight-crew human factors perspective, pplying the Airbus Golden Rulego control
the aeroplane and managing the required proceduresrelies on mental processes that add
considerably to workload. Jarviset al. (2014) consider that the difficulty of a taskand the time
available to completethe taskare two out of four generaltask factors thatdirectly affectcognitive
workload (Jarvis, 2010, as cited bylarvis et al., 2014p55). Aspilots AAT T 1T &6 OAOUS
becausethe gliding time availableis a function ofthe aeroplanealtitude and can only runshorter
as theaeroplane approaches the ground the task of calculating and controlling the glide profile
becomescritically important. If the pilots rely solely on the QRHyliding calculation guidance,
which | argue is very difficult to operationalise, asignificant increase in cognitive workload is
foreseeable This will affect the A O A aldli9 to focus attention, which has implications for
situational awarenes% and the subsequentdecision-making required to control the situation
(Jarvis et al., 2014)therefore, the procedure designmay directly impact the desired outcome. Are
there any alternative ways that pilots could use tananage such a complex situation?

Since it is impossible to reduce theeal complexity the alternativesolution is to reduce the
perceived complexityof the system by simplifying the informdion presentation. The
reasoning is that if the system can be made took simpler, then it will also be simpler to
control. (Hollnagel & Woods, 2005p.85

| argue that pilots can usesimplified cognitive strategiedor 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 judgnent heuristics can lead to
satisfactory (good enough) solution8  Oabwolis advantage of these mechanisms is that they
save time and effortd (Jarvis et al., 2014p.91) A satisfactory solution isbetter than an optimised

ey

onethat OT AOET 6001 U OAEAO A 11 Gmpdrthn@yAt méyEde Aeyohd the A AT O

capabilities of people in most complex situationg(Jawis et al, 2014, p.90. | argue that thisis an
example of adesirable simplicity-complexity tradeoff (Hollnagel & Woods 2005, p.82.

| am not trying to suggest thajudgment heuristics or simplified workflows could replace
checklists or change the higHevel priorities. | argue that during an ALL ENG FAIL situation,

considering the potential effects of starte, surprise, and workloadl T PEIT T 008 AT CT EOEC

the judgment heuristics as an addition to the manufacturer proceduresnay help the pilotsfrom

4 Situational Awareness (SAYOOA £ZA OO O1I OEA 1 PAOAOGEI 1T
EEO El &£ Of ACET T (Madiar,ROABDEXXY) AAEI EOEAOGS

4

Al AAEAOET OO0 OEA



Gliding an Airbus A320; SimplicityComplexity Trade Off

the high-level initial steps (fly & navigate) when they maketheir initial navigational decision

throughout the descent(monitor and controlthe glide path), all the way tolanding and stopping
on a runway.

While the probability of an ALL ENGNESFAIL event happeing in real life is low, | argue
that the conclusions drawn from such a cleacut casecan indicate salient directions both for
procedure design and for furtherz and more fine-grained z research on pilot training methods.
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2 Lterature Review

The cockpit of an A320 is a complex socitechnical 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 consttiats remain constant (Adriaensen, Patriarca, Smoker, & Bergstrom,
2019).

In this chapter, | refer to literature that links the object of this researchz the Airbus A320
ALL ENG FAIL QRH procedur@irbus, 2019d, ABN19.01A) z with the various system agentsn
the context of an ALL ENGINES FAIL at cruising altitudes.

| consider a CRM perspective thatonnects OEA 12 ( DOT AAAOOA AAOGEC]
cognitive workload, situational awarenessand ability to make effectivedecisions. Next, | look at
Sharples (2015) argue abouHuman Factors and Ergonomics (HF/E)and finally, | connectall the
elements drawing upon the Cognitive Systers Engineering (CSE@approacch AO OA OUOO/
AppOiT AAE O1T PDPEATTI AT A OEAO Ai AOCA AO O@MBodET OAOOA
& Hollnagel, 2006, p. 13)

CRM trainingis regulated by the EASA Acceptable Means of Compliance (AMC) to Annex
lll - Part-ORO documen{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 CouncilEuropean Union, 2011)CRM courses theoretically cover
human factors topics such as startle effect, stress & stress management, workload management,
situational awareness, decisiormaking, and resilience development.

The FlightCrew Human Factor$gdiandbook(CAP 737) is a UK Civil Aviation Publication
AOAAGAA Au OEA #OAx 2A01 OOAA - AT AcCAi AT 6 ' AGEOT OU
DOAAOGEAAIT #2- Qlakigdt &.] 2¢14)TReRdcAniedt Arésents 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 agnitive workload E Ghe @mount of mental effort needed
(and expended) toprocess informationd The authors argue thathigh workload is associated with
increased errors, fatigue, task degradatiorand poor performanced(Jarvis et al., 2014 p.55, and
this is particularly important for pilots facing an abnomal or emergencysituation 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
i AT OET 1dBAEZEAODOUS umbeiadsksOAIOEBHC OEA BAOAT 1T A1 | Al
Gumber of tasks in a series (switching from tasktotagb h AT A OOEA OEIi A AOAEI /
i OPAAA I TeesdpArQdnétd task factorsdirectly affect cognitive workload (Jarvis, 2010,
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as cited byJanis et al., 2014 p55), and subsequent situational awareness and decisianaking
processes.

2.2 Situational Awareness

In colloquial terms, situational awarenes{SA)is OA £ZAOOAA O1 A0 OET 1 xET C
I T (@arvis et al., 2014 p.71). Endsley (1995) argues thatgaining situational awarenessresults
from a three-step sequence perceiving the information, comprehending it, and projecting the
situation into the near future. While this view is widely embraced inairline CRM training, it is
important to underline that SA is a dynamic and constantly updating process. This detbililds
upon. AEOOAOGO jpwxoed DPAOAEKEGEAIO OREKHRIGIOHRRIa | 0# - q
DAOOGI 160 1 AT OA1T OAI PI AOGA j ET OAOT Al OAER4AnROAQ AT /
Stanton, 201557  AHad\foried the foundation of contemporary theories of SA and has been
applied to the explanations of accidentg(Plant & Stanton, 2016)

In this research | use the term situational awarenessreferring to OOEA 1T DAOAOET |
AAEAOGET OO OEAO A PEIT O T ECEO AQGEEAEO (M®iarth OAOOI (
2015, p.XXIV) andarticulate it with the following elements(Gawron, 2008).

1 D EI n@edstanding/knowledge of the energy state/environment/gliding distance,

which impliestheDET | 008 AAEI EOU O DPAOAAEOA AT A POI
 DPEI &bt anticipate or accommodate trendswhich requires some degree of

projection of the situation into the future.

These elementscan be used aSA measurement tool{Gawron, 2008). Anticipating and
accommodating trends may require aeroplane trajectory adjustments (direct inputs on the
aeroplane controls) resulting from anticipatory decision-making proces®s based on SASuch
valuableET OE CE OO pErteddd SADcERbd u€ed @ assess the impact of addijgdgment
heuristics to the manufacturer QRH procedurend how this addition contributes to the overall
management of an ALL ENGINES FAIL situation

2.3 DecisionMaking

Jarvis et al. (2014, p.79yisualise the time and effort required to makevarious types of
decisions using the simple continuum in Fig.:2

Rational Decisions Quicker Decisions Intuitive Decisions

(long, effortful) Assisted by Shortcuts (quick, effortless)

| >

Decreased time and / or mental effort

Figure 2. Simple continuum for decision typeqJarvis et al., 2014, p.79)

The authors argue thatdecisions O A N O iea3dningland logic to make the most ideal
choiced | P8 yYmnQs8 3t&kd & lond thnd Beqiré b Aigh cognitive workload, and are
structured: analysing the problem, generating optiondyalancingthe pros and cons of each optign
and finally choosing the best oneOr) aviation, the most likely occasions when rational decision
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processes are attempted araovel and/or complex situationsand whentime is availablgemphasis
added].6(Jarvis et al., 2014p.82

At the opposite end of the decision types continuumHgure 2), Jarvis et alplace intuitive
decisions. The authors argue that such decisiond OA AAOAA 1 Tnitionlpikied 8 O OA A
decision-making model (RPD)which OAAOAOEAAO EI x AAAEOEIT 1 AEAQOO
AOT EA DPAET O00AE Kieig, 1983}, Uatvis At @l Aafyielthiat@ost decisions made on the
Al ECEO AAAE A£Aibkecausd bbth cretnidibers Ak Expefidnc2d) endugh to base
choices onpast experienc® AT A AOA OEAOA £l Qalvis MAERNHp.96l. A A A£AlI OO]
Reflecting onan interview with A380 Captain Richard de Crespigny Shorrock (2020)
places the concept of EfficiencyThoroughness TradeOff (ETTO)(Hollnagel, 2009) at the core of
the rational decision-making process Shorrock concludes that during the management of a

complex situationaboard an Airbus 380de Crespigny and his crewnade
trade-offs between shorterterm and longerterm goals, between thoroughness and
efficiency, betweenmonitoring and acting, between compliance and creativity, between
diagnosing components and understanding whole systems, between a focus on what
xAOT 60 x1 OEET ¢ AT A xEAO xAO x1 OEET ch AT A AAO>
offs are relevant to nomal operations, but become more critical in a crisigShorrock,
2020)

Such an analysisequired G slower decisionmaking process. . .taking minutes or even
up to two hourso(Shorrock, 2020)

An ALL ENGINES FAIL situatiois time-limited, yet essential navigational tradeoffs must
be made.According to Hollnagel & Woods (2005, p.169Jour aspects of timecan be identifiedin
this case:

a) The total time available (TA) is a function of the aeroplane altitude, dictatinghe
maximum gliding time and the maximum range (ground distance). In thisituation,
the gliding time availableis acritical constraint.

b) The time needed for evaluation (Tg); the time required to determine the landing
strategy

c) The time needed forthe selection of a suitable landing spofTs)

d) Performance time (T°) z the time for crew work; continuously calculating and
adjusting the gliding distance to reach &hosen landing spot, ideally aunway.

The evaluation, selection, and performance tasks are referred to in this thesis as a single
navigational element:the D E | dritizé) task.
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Time needed for evaluation: Tg

[INNEIEE Time needed for selection: Tg
BRI Performance time: T,

=
* Available time: To = T g1 - To * Time
Event; Event;,,
occurs occurs
To Terr

Figure 3. Temporal relations at work (Hollnagel & Woods, 2005, p.169)

As advised bythe Airbus FCOMusing the information provided by the ECANGhe flight
crew should be ableto rapidly assess the situation anddetermine their landing strategy if the
engines do not relightd(Airbus, 20193 PRAERENG P 5/24)In other words, pilots shouldquickly
evaluate(during Te) and select(during Ts) their landing spot.

Once the pilots chose a landing spot, it is essenttalperform the appropriate navigational
manoeuvres to getthe aeroplane onto the desired profile (during Tr). Any uncorrected profile
deviation can later lead to either undershooting or overshooting the runwayThe closer to the
ground the aeroplanegets, themore accurate the gliding profile controlmustbe. Ths navigational
part, the critical task, is most demanding orthe B E 1 doghith&@ resources.

The evaluation, selection, and performance processesafeUA1T EAh AO OOC
(1976) perceptual cycle model. Pilots would constantly need to revaluate their situation, re
select the course of action, and adjust their actions/performance. Thisyclicity is part of the
Contextual Control Model (COGM) (Hollnagel & Woods, 2005)and will be further discussed later
in this chapter.

The time available to the crew to make their initial analysis and decisiofT e+Ts) is short
andrequiresa rapid transition from rational decisions to quicker decisionsAccording to Jarvis et
al., quicker decisionsrequire using shortcutting mechanismsx EEAE OAAAT T A |
general task load increases, when the time arattention required for rational decision processes
is limited .6 (Jarvis et al., 2014, p.91Fhis type of decisionis depictedin the middle of the decisions
type continuum (Figure 2).

After clarifying the key concepts of workload, sitational awareness, and decisiomaking,
the following two sections explainwhy the QRH procedure may be reasonablygonsidered as
falling short from structural and procedural design perspectives Following that, | clarify the
concept and the potential roleplayed by judgment heuristics in improving task performance.

2.4 Time and control

The ability to make quick decisionsand adapt the strategyto control the energy and
trajectory is crucially important during glide management when the accuracy of theavigational
trade-offs becomeamore and more acuteas Tpdecreases when theaeroplaneis approaching the
ground.

CAOOAA

i OA PO

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

situation so they can make effective altitude/speed/distancarade-offs considering the available
time for the critical task?
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According to the manufacturer guidance,ltey can usethe estimated range information
displayed on the ECAM to make an initial decisiofter that, Airous FCOM stateO@ ALL ENG
FAIL QRHorocedure addresses all situations and provides all necessary procedure steps until the
touchdown if the engines do not relighé(Airbus, 20193 PRAERENG P 6/24)during Tep.

(i111ACAI
O OEngHE-OE CE 05

AT A
001 A

i OEA

71T AO

jgnmuvq AOGCOA OEAO OEA O/
OEGCEO ET & Oi AOETTh ET OEA

below). From this perspective, he QRH procedue effectivenessis 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 dficiently process (right form), does not come at the right timenor is effectively
operationalisable under increasing pressure of decreasing time available §J. Therefore, it has
limited use to enable pilots to makedequate energy and trajectory predictionsn order to control

the situation

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

-
OUDPAO

OEI

Ah

for their analysis:

Predictability

High

Opportu
nistic

K"l Scram-

Low

xEAOA OEAU AT Ai UOA OEA OOAI pi OAI
T £ AT 100711

iT AAO

AEAOA
i OxEEAE AT OOAOPITA O AE

I £ DA O Aprédictatilik dnd aviildbi pregs Ce@fencdeménts

Strategic

_ Available

» time

High

Figure4. Main determinants of control modes (Hollnagel & Woods, 2005, p.161)

The control modes characteristics are:

Control Number of  [Subjectively |Evaluation of |Selection of action
mode goals available outcome
time
Strategic Several Abundant Elaborate Based on
models/predictions

Tactical Several Adequate Detailed Based on

(limited) plans/experience
Opportunistic|One or two  |Just Concrete Based on habits/

(competing) [adequate association
Scrambled |One Inadequate |Rudimentary |Random

Tablel. Main Control Mode Characteristics (Hollnagel & Woods, 2005, p.148)

10
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Based on ths categorisation, | conclude that the QRH procedure induces the piloisto a
scrambledcontrol mode asthe limited tim e isinadequate toprocess the information presentedoy
the QRH procedurehence pilots can onlymake 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 neessary trajectory corrections, than thg havetotal time available.

Thissituatoni AU OOE G @idd OOT @O OLMIA T £ PAOAI Oif AT AAS6 xEAOA

Before discussingpossible alternative shortcutting mechanismsthat may enhancePE1 I 008

ability to control an ALL ENGINES FAlkituation at cruising altitude, a few procedure design
considerations may be necessary

2.5 Proceduredesign

The Airbus QRH procedure caralso be characterised as an abnormal checklist as
according to Degani & Wiener (1990)it is intended Go aid the pilot during emergencies and/or

malfunctions of the systeméh O1T OOAOOA AO A [T AiiT oOou CcOEAA6R A
h A

OAEAT 6h OOAAOAA OAOEAAEI EOU AAOx Aghigh workldad abd 6
OO0O0OAOOAEODI (Degahi & Wiéngr| 1090 8

The authorscite Drury et al. (1987) toargue that three factorsneed to be analged when
designing a checkilist:

The first is the hardware/software operating process which is the foundationfor the
entire task analysis. The second stage is the task classification and description which
details the human taskrequirements and provides the information needed to perform the
work. The third is the actual analysis, interpretation, evaluation, and transformation of the
task demands based otthe knowledge of human capabilities(Drury et al., 1987, as cited
by Degani & Wiener, 1990)

The Airbus A320 ALL ENG FAIL QRH proceduttesign(Airbus, 2019d, ABN19.01A) may
be based on an insufficient understanding of theequired operational processand human task
requirements. It does not effectivelyoffer pilots the navigational information required to calculate
and monitor the gliding profile z the critical taskz in a manner that can beeffectively interpreted
and operationalisedby 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 performancez cognitive z consequences for tle pilots:

During Tp, pilots may try to speed up the gliding profile calculation procesgrequiring
difficult and time-consuming QRHprofile calculations), which may lead to profile errors, which
under increasing time pressure geroplaneapproaching the graind) may add additional difficulty
to the critical task. If the pilots do not haveany alternative sourcesfrom which to getinformation,
nor can they simplify the critical task, O E A fiere @ Glearly a danger of a vicious workload circle

beginningd @arvis et al., 2014p.58 2 AAAOE OAT Uh Tabk diliculdy ish® dricehtha® E A
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is least likely to be able to be reduced at the time; there is often no quick way to make a task less
difficult & @arvis et &., 2014, p.60

2.6 Alternative shortcutting mechanismgudgmentheuristics

To make an ALL ENGINES FAIL situatiaifectively manageable, it may be thatthe only
technical solutionis to decrease the difficulty ofthe critical task. It may require a proactive
simplification of the procedure to a level commensurate wittthe foreseeableD E1 T 008 AT CT E
workload management abilities incorporating well-thought andtrained shortcutting mechanisms
in the form of judgmentheuristics 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 thatpeople use to cope with the temporal complexity.
(Hollnagel & Woods, 2005p.170

Suchjudgment heuristics exist alreadybut are not written anywhere. Passedon verbally
astacit knowledge judgment heuristics are oftenseenas part ofthe broader colloquial concept of
airmanship.

2.7 Tacitknowledgeand heuristics

Tacit ET T x1 AACA OAI 11 x0 OEA AgpAOO O EAAT OE A
AT 1 1 O1 E(RKatefindlds, 2019, p.5) Vaughan refers totacit knowledge AO OAT ET OOEOD
AT C1 EOE O Naupten, 0d4Dibile 7 E1 OT 1T O 3EAOPI AO AOCOA OEAOD

be seen as a form of knowledge that is more easily articulated in certain situations as opposed to
I O E A(@iBan & Sharples, 2015, p.190)

The importance of considering the role of tacit knowledge in system design is addressed
by de Vires &Bligard (2019). They locate its source withinthe actual performance of work and
the practices it entails andNOAOOET T xEAOEAO OEEO OUDPA T &£ ETIT x
OOAOBANAIGAIER AT 1T AEAAOGEOA T ATTAO OEAO EO 110 OATO

the relevant work. The importdd AA T £ OOAE OAADPOOOAS 1T & OAAEDO ET I
it on to others cannot be overstated in the case of

safety-critical domains z such as aviation, nuclear, healthcare, offshore and maritinge
successfully capturing how essentials such as mioring and controlling (e.g. Praetorius
& Hollnagel, 2014; van Westrenen & Praetorius, 2012, as cited tig Vries & Bligard, 2019)
and the use of tacit knowledge (Mikkers et al., 2012; Praetorius et al., 2015, as citeddey
Vries & Bligard, 2019)are performed is therefore a pressing challenge for system design

(Hoffman & Lintern, 2006, as cited byle Vries & Bligard, 2019)(de Vries & Bligard, 2019)
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Tacit knowledge plays an important role in developing judgment heuristics, which are
essential cognitive strategies for mentally esnomical 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

increasedcognitive workload and procedural task load
2.8 Jant Cognitive Systems
As mentioned at the beginning of the chapter, the cockpit of an A320 is a complex secio

technical system consisting of pilots, technology, procedures, environment, ATC, etc., all together
to pursuesafe air transport.Wilson & Sharples (2015) arguethat the human is still at the controls

of any complex societechnical system TEA EOI AT 860 DPAOAI Oi AT AA EO EIT Al

abilities, needsand limitations. Successful products or work systems will usually show evidence
that the needsof their users have been accounted for during design, implementation and
operation. (Wilson & Sharples, 2015)The relation between the abilities, limitations, andneedsof
agents takingpart in a sociotechnical systemis central to this researchas it bridges the discussion
from the individual crew levelto a systemic level where we @n observe how the QRH procedure
design z and adding judgment heuristics to it as a possible alternative designz can impact the
outcome of the situation.

(he generation of alternatives, their characterisation, andinally the choice have each
beenthe subject of much research in . .human factors engineering. Yet it is only by considering
them together, rather than as separate functions, that they make ser&s@Voods & Hollnagel,
2006, p.46-47) Cognitive Systems Engineering (CSE) is usiitige notion of coagencyto offer
precisely this perspective the pilots, the aircraft, the environment, the landing runway, theQRH
procedure and thejudgment heuristics all part of a single systema Joint Cognitive Systen(JCS)
(Woods & Hollnagel, 2006)

0&1T O #3% OEA Aehuilibriinddy to Belin confdEi$ pavarkount. This in turn

OANOGEOAO OEA AAEI EOU OI 1 AEA b (ldllAageh OWdods,Q006,0 Of

p.46).In an ALL ENGINES FAIL situation, th&d T O 06 cdnthoEandEn@ke prédictions of the
aeroplane trajectory may be directly influenced by the information given to them by artefacts such
as the manufacturer pra@edure or the judgment heuristics.

2.8.1 Feedback & feedforward@rtefacts

QControl requires the ability to compensate for differences between actual and intended
states. This in turn requires the ability somehow to sense, measure, or perceive tifference o
(Hollnagel & Woods, 2005, [{1.36)

In the ALL ENGINES FAIL situatigrsensing or perceiving the difference beteen the
actual and the intended (operational engines) state i®vident. At this point, measuring and
compensating for differences requires a new reference poinCanthe Airbus QRH procedure
effectively offer such a reference pointz intended profile z in the first place, andcan the
information provided by the procedurehelp 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 angudgment 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 bdefined as
acting on an expectedieviation or a disturbance but before it has happenedHollnagel &
Woods, 2005, pl37)

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 situatioklsing them, pilots may move from a
scrambled to a tactical control mode (see section 2.4) to better achie@E A OUOGAIGNd O CT A
and stop on an available runway

The impact ofjudgment EAOOEOOEAO 11 OEA OUOOAI 60 DPAOAEN O
usingthe Contextual Control Model (COCOMMolinagel & Woods, 2005, p.147)which articul ates
the basic dynamics of control and illustragsthe principle of the control modes (p.148)

2.8.2 Contextual Control Model (COCOM)

;O’ External event /
LFT disturbance
11O strategies l
Omission, Events /
Reduced precision, feedback
Queuing,
Filtering,
Cutting categories, > Make short-cuts
Parallelisation, skip tests ,
Decentralisation (E'IPTO rules)
Action
Construct

Controller /

conttrolling Pre-planning

system - )

Y heuristics

Confirmation biases,
simplification

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 infonation (events) received by
the system, which in its turn depend on the actionthat were carried out, thereby closing

the circle.(Hollnagel & Woods, 2005, p.14y
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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 theevent the workload suddenly changes and increaseBilots may
face significant cognitive challenges their cognitive abilities may significantly decrease
consequently increasing th& needs for simplified and effective tools (commensurate with their
contextual cognitive limitations (Wilson & Sharples, 2015) that they can use toconstruct their
situational awarenessand help them make timely decisions that would dictate the actions that
would have a direct impact on the system performanc@larvis et al., 2014)

The impact of the QRH procedure and thgudgment heuristics artefacts can beassessed
during the time to evaluate (TE)at the constructstep of the COCOMvhere 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 insection 2.4, the QRH procedure may induce pilot&ito a scrambledcontrol mode,
while the addition of judgment heuristics may help them reach anuch more desirabletactical
control mode (Hollnagel & Woods, 2005)using the heuristic information as a feedforward
artefact, as discussed in section 2.8.1.

The pE 1 | SDEs&uent actions on the aeroplane controls dynamically impact the
aeroplaneenergy state and the gliding distancéGawron, 2008). This process takes place during
the time window (TW) allowed for execution/performance of actions (TP)(Hollnagel & Woods,
2005). Considering that anyaction on the controls will impact the speed, the altitude, and the
gliding distance, the pilots will needio continuously trade-off speed, altitude, and gliding distance
to keep theaircraft on the intended gliding profile.

Re-evaluating the aeroplane state and comparing it to the intended profile will offer the
necessary feedbacKor more effective anticipated feedback (Hollnagel & Woods, 2005)to re-
update the situational avareness this will lead to a repetition of the cycle.

Finally, using a Joint Cognitive Systems approacfiHolinagel & Woods, 2005)the efficacy
of the research objectz the Airbus A320 ALL ENGINES FAIL QRH proceduzeon the JCS
performance can be assessed. Thmpact of adding judgment heuristics to the JCS caalso be
assessed by comparing the performance of two JCSs, one with and one without addeigment

= > (& 2\

PILOTS QRH PILOTS QRH
+

HEURISTICS

ENVIRONMENT < COMPAR > ENVIRONMENT

LANDING LANDING

K RUNWAY / K RUNWAY /

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 gopdactical indication of procedural Simplicity-Camplexity
Trade-Off (Hollnagel & Woods, 2005p.82.

The invitation to this experimental comparative research is formulate in the following
guestion:

3 Research Question

How does the manufacturer QRH procedure contribute tothe PET T 008 | AT ACAT A
navigation in an ALL ENGINES FAlsituation 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 ofudgment heuristics impacts the management of an ALL ENIEES
FAIL at cruising altitudes sinulation, we first need to observe how the situation is managed
without heuristics. The observations take place ilirbus A320 simulators flown by volunteer
airline pilots qualified on the Airbus A320.

4.1 Methodology

This researchdraws upon an experimental design perspective a One Group Pretest
Posttest design(Campbell & Stanley, 1963p.7) which can be expressed in the following form:

01 X 02

An experimental variable (X), represented byudgment heuristics, is introduced, briefed,
and practised between two abserved simulations (O1 and 02).By comparing Olwith O2 an
eventual difference caused b¥X can beassessedWhile this methodology may be subject to a series
of accuracy questions regarding internal and external validitfCampbell & Stanley1963), it is
suitable to assess if X causes a rough negative, neutral, or positive change on 02

A more robust option would have beento use a One Group Preted?ostest Control Group
design(Campbell & Stanley, 1963p.8, coveringmost of the acauracy oriented questions rdated
to the internal and external results validity, particularly the potential effect of skilled learning
when pilots improve their performance by the simple repetition ofthe same scenario.

R O1 X 02
R O1 02

Unfortunately, researching during the pandemic raiessignificant limitations in terms of
pilots availability . I deliberately chosenot to use a control groupto keep the logistic workload
manageableThe significance of the result®btained without using a control group is tested using
paired samples ttests (Ross & Willson, 2017 p.17).

This research is underpinned by a Joint Cognitive Systems approagtiolinagel & Woods,
2005), where the unit of analysis is the flightdeck work system(which will be observed), and the
object of the research is the Airbus A320 ALL ENG FAIL QRH proced(#&bus, 2019d). By
comparing observations 1 and 2 it is possible to determine if judgment heuristics (the
experimental variable), asa feedforward artefact(Hollnagel & Woods, 2005)in addition to the
Airbus QRH procedureaffecttask performance.

4.2 Methods

This research uses qualitative and quantitative methodsdocument analysis,structured
interviews, simulations, and questionnaires.
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4.3 Experiment description

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

simulation,

as depicted irFigure 7.

PRE-SIMULATIONS

INITIAL
INTERVIEWS

RESEARCH PHASE

AN

ﬂIMULATIONS
SIM 1 SIM 3
Airbus Airbus
QRH SIM 2 QRH
only L +
Briefing Practice heuristi
o euristics
heuristics | heuristics
\_ — / J
GOST-SIMULATIONS \
SIM 1 QUESTION- SIM 3 QUESTION-
DATA NAIRE DATA NAIRE
SET 1 SET 2
TIMELINE g

Figure 7. Experiment description graph

4.3.1 Presimulations

Before thesimulations, theparticipants must answer three questions as part of an initial
structured interview designed to assess their familiarity and experiencesing simplified rules-of-
thumb to manage complex failures.

4.3.2 Simulations

Following the interviews, three simulations take place:

1.

2.

Simulation 1 is counted as @servation 1 (O1). It is run without interruptions , and
pilots use only the Airbus A320 QRH procedure.

The experimental variable (X) z a set ofjudgment heuristics z 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 @servation 2 (O2). It is run without interruptions , and
pilots use the Airbus A320 QRH procede, and optionally they can use the pracsed
judgment heuristics.

4.3.3 Postsimulation 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 studd 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 simuation and questionnaire results indicate the impact of judgment
heuristics on the JC#Hollnagel & Woods, 2005)

4.4 Data collection

4.4.1 Analysis of documents

44.1.1 AIRBUA320documents

The manufacturer documents offered to the A320 pilots are thAeroplane Flight Manual
(AFM), Flight Crew Technigues 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 formatThe QRH contais the ALL ENG FAIL procedure
that the pilots use during the simulations ands presented in Appendixl.

There are many other sources of complementary informationl consider the AIRBUS
Worldwide Instructor News (WIN) phone/tablet application, where numerousvideo tutorials are
offered by AIRBUSnstructors on various operational topics, the Flight Operations Briefing Notes
Z CRM Aspects in Incidents/Accidentsthe Flight Operations Briding Notes z Human Factors
Aspects in Incidents/Accidents, and theéAirbus Safety First training articlez Preparing Crews to
Face Unexpected EventgAirbus, 2004b, 2004a, 2015, 2019a, 2019c, 2019d; Charalambides,
Tyrrell, & Norden, 2017; Woods & Sarter, n.d.)

4.4.1.2 Other manufacturers documents

The Bombardier CRJ 90QBombardier, 2019) and BAE AVRO 146RBritish Aerospace,
2007) ALL ENGINES FAlprocedure offer valuable comparativeinsights into procedure design
Theseare discussed using JCS feedback, feedforward, and timing effectiveness considerations. A
comparison ismade with the Airbus QRHprocedure and with thejudgment 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 reseatt
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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 rulesontribute 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 asost
critical in terms of time available, loss ohutomation, descent profile or any other?

| designed these questionsto understand the participants' previous knowledge and
experience using simplified rules to manage complex failureand how this prior knowledge may
impact their abilities to manage thesimulated situation. Additionally, the answers to the third
guestion may indicate valuable directions for future research.

The interview protocol is detailed in appendix 6, together with the interview
transcriptions. The transcriptions are analysed usingContent Analysis and the results are
summarised in tabulated form.

4.4.3 Simulations

The primary artefacts used for the researchare a certified fixedbase A320 simulator
operated by the Wizz Air Pilot Academy at the Wizz Air Training Certin Budapest, anda fixed-
base, noncertified A320 simulator, operated by the Flight Experience (FlightX) Company in Clu;j
Napoca, Romania (www.FlightX.ro). The decision to use this second simulator is financially and
logistically based. | partly own this lusiness and it was, therefore, free of charge for unlimited
use.My access to the Wizz Air simulator was limited by the time | was in Budapest for training
duties andthe available simulator slots The technical details of both simulators are presented in
appendix 2. The simulator scenarios reference profiles, and protocolare detailed inchapter 5of
this dissertation.

The comparative data obtained from theexperimental simulations have been tabulated
and used to generate visual analytical summaries # show how theincorporation of judgment
heuristics has impacted the studied JCS (pilots, QRH, heurist@stoplane, environment, runway)
as a feedforward artefac{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 amed 01T | AAOOOA OEA PDPEI T 006
Awareness, Workload, and Decision Making using the following rating scal@awron, 2008}

1 China Lake Situational Awareness Rating Scale to measure Situational Awareness
i Bedford Workload Scale to measure Workload
1 Modified CooperHarper Rating Scale to measurBecision-Making
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These OAOET ¢ OAAIT AO CAT AOAOA OAI OAAI A ET OEGCEOO

cognitive elements that may be impacted by the effects afudden change andan increase in

measuredby comparing the results of the questionnaires.
The China Lake Situational Awareness Rating Scaleasures threesub-components:

1. knowledge of energy state/environment/gliding distance
2. ability to anticipate or accommodate trends
3. shedding of tasks

These measurements add valuableuman factorsinsights thatAQ C1 Ei DOA ET OI

cognitive abilities and limitations under the sudden increase of tasload (Jarvis et al., 2014;
Neisser, 1976; Wilson & Shanles, 2015), and b) carbe usedin conjunction with the JCS Contextual
Control Mode (COCOM) analytical framework to see hofeedback and feedforwardartefacts
impact the work system(Hollnagel & Woods, 2005)

The Bedford Workload Scale and The Modified Coopétarper Rating Scales results offer
ET OECEOO EIT O Cabilty tdbniahageQiit@ Gituddidn O Recarindiidate how pilots,
under time pressure, choose to usgidgment heuristics to prioriti se high-level goals over detailed
and complex procedural items, a practicalapplication 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 ethicsinformation, consent, ancconfidentiality

Important ethical considerations have beenaddressd with the volunteer pilots
participating in this research Their written consentwas obtained As stated onthe Lund
University website (https://www.researchethics.lu.se), the participants received and understood
relevant information, in accordance with the Ethical RevievAct:

(he overall plan for theresearch,

the purpose of theresearch,

the methods that will beused,

the consequences and risks that the research mawtail,

the person responsible for theresearch,

that participation in the research is voluntary,and

that the researchvolunteer hasthe right to terminate his or her participation atany

OEi Ao j, O12819)51 EOAOOEOUN

= =4 =4 =4 -8 -4 -9

The personal data collected for analysis was anonymised andwas related only to rank
(first officer, captain,instructor, examiner) and experience(total flight hours and flight hours on
the A320). The crew composition for eachsimulation was kept confidential. The researchpaper
doesnot reveal any names,genders, nationalities, or any other aspectsthat would require an
ethical review following the Lund University and Swedish Ethical Review Authority
requirements (Lund University, 2019). All the data has beenstored on aseparate external
hard drive.
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5 Research Protocol, Simulation References & Scenarios

This research ains to see howjudgment heuristics (the experimental variable), as an
addition to the Airbus A320 QRH proceduréthe object of this research)impact the outcome ofa
Joint Cognitive System (pilots, Airbus A328eroplaneand procedures, environment, and available
runways) (Hollnagel & Woods, 2005)following an ALL ENGINES FAlkituation at cruising
altitude. This requires a simuldion 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 isolatiohas 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 situatiénCa flight
condition that is confusing, sudden and potentially life threatening(Moriarty, 2015, p.66). Such
AT T AEOQGET 1 GninrAediat&ahdshstaiBedimpadéi 1T DEI T 0086 AAEI EOGEAO
workload and makeA A A E O E Tlliménkal cdpéxity®dcomes focussed on the threat and/or the
escape from ib(Jarvis et al., 2014p.64), triggering possible startle and surprise effectsartle is
defined as@ physiological effect to a sudden, intese, or threatening stimulugh x EAOAAO OOOOE
is an emotional and cognitive response to unexpected events that are (momentarily) difficult to
Aopl AET h & OAEIT ¢ A DPAOOGIT O AEATCA EEO 10 EAO
2015; Meyer, Resenzein, & Schuetzwohl, 1997; Schuetzwohl, 1998; Teigen & Keren, 2003, as cited
by Landman et al 2017a).

In this chapter, | explain how the simulation scenario and the research protocdiave been
designedto minimise the potential effects of startle and OOPOEOA 11 PDEI T 008 Al CI
the eventual impact of other variables such as weather conditions or air traffic control
instructions.

I will also explain how | have derived two separate reference profilegAirbus QRH and
heuristics) and ther associated measurement pointsd assess the altitude/distance/ speed
differences between the actual and intended reference gliding profiles.

QControl requires the ability to compensate for differences between actual and intended
states. This in turn requies the ability somehow to sense, measure, or perceive the differenge.
(Hollnagel & Woods, 2005, 1.36) It is important to emphasise that the researchuses the
simulation data to measure and compare the performance of the JCS and uses the questionnaires
OAOET ¢cO O |1 AAOGOOA AT A Aii PAOA PDPEIT 008 DPAOAADPOI
decision-making (Gawron, 2008).

The performance of the JCS is assessed dgmparing two separate sets of differences
(deviations) of actual profiles(SIM 1 and SIM 3from 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 datds referenced and compared is presented in
Figure 8 below:
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DEFINING REFERENCE PROFILES AND MEASUREMENT POINTS

Defining an Airbus
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Figure 8. Dataanalysis;reference and comparison summary

23



Gliding an Airbus A320; SimplicityComplexity Trade Off

5.1 Simulation scenario

The simulations were conductedusing anAirbus A320 setup with IAE engines, at Btons,
including 5 tons of fuel on board the equivalent of more than 2 hourgflight time). The wind was
calm, the sky was clearit was daytime, andthe temperature and barometric pressure vere
standard, according to tke International Standard Atmosphere (ISAYISO, 1975) There was no
weather variation during the simulations.

Theinitial position for the start of the simulation wassetat Flight Levef (FL) 350, between
Vienna and Budapest, South of Bratislavasdetailed in Appendix 3. Theengines faied one by one
at short time intervals, and pilots could not restart them. The simulator operatoranswered all the
radio and cabincalls, taking theAir 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 Budapegb avoid any interference with
the pil T Ae@idational profile calculations and decisions.

The crewsusedtwo printed Wizz Air QRHO! , ,  %. ' &! ), vésioDfdmAAAOOAO
September 2019(Airbus, 2019d, ABN 19.01A. This procedure is presented in appendix 1.

Each simulationtook approximately 30 minutes.

5.1.1 Pilotting 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 presged in appendix 3.

5.2 Research protocol

The following research protocol allowed me to conduct this researcfollowing the Lund
University requirements and ethical considerations:

1. All contacted pilots haveexpressed written consentto take part in the reseach. They
were sent a briefing package in the form of BDFfile containing links to:

a) A welcome introductory video

b) Information regarding the ethical research considerations following Lund
51 EOAOOEOU8 O OAOAAOAE AOEEAAI OANOEOAI AT «
website: https://www.researchethics.lu.se, for which explicit consent was
requested

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

d) A video in which | 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.
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e) Access to an online interview platform where the pilots recorded their answers to
the three questionsconstituting the initial interview .

f) A video where | explain therating scales(Gawron, 2008) that were used in the
guestionnaires that wouldfollow simulations 1 and 3

The briefing package contained PDF versions of all the rating scales used for the
guestionnairesandthe table of contents of the QRH ABN chaptéhirbus, 2019d, ABN
19.01A), which was needed to answer questio number three in the online interview.
These documents are detailed in appendix 4The package also containethe exact
version of the ALL ENG FAIL QRH proceduggirbus, 2019d, ABN 19.01Aused during
the simulations.

2. When the pilots arrived at the simulator venue, they wex handedthe printed versions
of the rating scalesand, if needed, further clarification was given. They received the
printed version of the ALL ENG FAIL QRH procedur€he pilots were briefed in detalil
when and where the failure will occur tominimise the potential effects of startle and
surprise | T AOAx 08 Al Claki® Et@QIA 20A4A ErAdnE® i, 2017a;
Moriarty, 2015; Rankin etal., 2016; Rankiret al,, 2013), They were also remindechow
the primary and additional tasks were defined:

Primary Task:

9 To successfully land and stop thaeroplaneon a runway

1 PE control the energy and keep it on a gliding profile that would enable a
successful landing on aunway

1 PM: perform all ECAM and QRH items

Additional Tasks:

1 PF: communicate with ATC, SCA and PAX and MONITOR PM's actions
(ECAM/QRH)

1 PM: assist PF with calculating & monitoring the descent profile, configuring
the aeroplanefor landing, and with required callouts to the cabin

Pilots were allowedsufficient time to discuss and familiarse themselves with the QRH
procedure, and when theyfelt ready, they were invited to proceed in the simulator.

3. Inthe simulator, the aeroplanewas pre-positioned on the threshold ofRunway (RWY)
11 in Mienna. The pilots performed a normal takeoff and continued flying on the
runway heading until reaching 40NM DME from VIE RWY 29. At this pointthe
position was frozento save time they were electronically climbed to FL 350. This
process was repeated for each simulation, pty due to the setup limitations of both
simulators, but mainly to allow the crew tomentally enter @& ECEO 11 AAS8 &I 11
typical sequencgtake-off, climb, cruise).

6 Distance Measuring Equipment (DME) ia navigational beacon enablingilots to measure their distance
from that beacon.
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4. SIMULATION 1: the simulator was unfrozen when the piloteported ready. Engines
failed oneby one, and the crew had to manage thsituation using only theAirbus QRH
ALL ENG FAIL procedur@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 AwarenessWorkload, and DecisiorMaking (Gawron,
2008).

6. HEURISTIC BRIEFING. The crews in @Ngpoca were briefed remotely by méhrough
arecorded video thatwas played on aarge screenTV 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. | have presented the same information in the live
briefings aswell as in the recorded briefingsNo additional checklist was produced.

7. SIMULATION 2 was used for prading the briefed heuristics. Following the same
take-off and positioning sequence described at point 3ne crews were guided on how
to practically apply the heuristics to calculate and control the glide after the failure
onset This simuldion was occasionally interrupted for clarification purposes. The
guidance offered wasstrictly limited to the mental calculation of distance and altitude
without off ering any decisionsuggestiors.

8. SIMULATION 3following the same takeoff and positioning sequence described at
point 3, the simulator was unfrozenwhen pilots reported ready. Theyhad to manage
the situation using the Airbus QRH procedurgAirbus, 2019d, ABN 19.01A and
judgment heuristics. This simulationwas conductedwithout interruptions.

9. After SIMULATION 3 was completedthe pilots were requested to use their mobile
phones and follow anotheronline link to QUESTIONNAIRE SEX According to their
perception during the simulation, they had tore-rate their Situational Awareness,
Workload, and DecisioaMaking (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 studiefudgment heuristics are presented
differently, two reference profiles had to be defined tallow deviation measuremens of various
simulations profile parameters.The first reference profile had to bederived following the Airbus
A320 QRH ALL ENG FAlAirbus, 2019d, ABN 19.01A procedure analysis, and the second was
derived from the studiedjudgment heuristics. From these reference profiles have extracted the
measurement points used to compare the simulation profiles. Tlse measurement points are
essential elements for this research and will be explained in this subhapter. Importantly,
SIMULATIONL was referenced to the Airbus QRH derived reference profile, whig®iMULATIONS
2 and 3were referenced to the heuristics derived profile. The study compares the magnitude of
deviations from the associatedreference profiles.
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5.3.1 The A320 QRH procedure analysis

When looking at the Airbus A320 ALL ENG FAIL QRH procedyr&irbus, 2019d, ABN
19.01A), the following discussion is based onato important assumptions:

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

2. If engines cannot be restartedand if airports are available and within the estimated
gliding range,the procedure will offer effective navigational guidanceto the pilots so
they may ideallyland on a runway.

This research aims to see how the pilots manage a glide followitadj engine failure and
land and stop on a reachable runway; hencthe second assumption is paramountt is essential

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

points based on which the simulations were analysed.

The Airbus QRH procedurgAirbus, 2019d, ABN 19.01A does not present a coherent
gliding profile. It offers separategliding information for three different flight conditions: 280 KT,
Green Dot speed, and landing configuration

The first glide calculation information starts at step6 in the check list:
GGLIDING DISTANCE 2 NM/1000 B{p. ABN 19.01A)

Two pageslater in the checklist,below FL200 with APU running and flying at theGreen
Dot speed, the calculatiorchanges to:

GGLIDING DISTANCAT GREEN DQTR.5NM/1000FTo(p. ABN 19.03A)

Two pagesdown the checklist, ifaforced landing is anticipated (not ditchirg) for the
final approach:

(ESCENT SLOPE (CONG2, L/G DOWN) 1.6NM/10GYETABN 19.05A)

For an easier understanding, | have visually depictedhésedisconnectegieces of
informatio n in Figure 9:

GLIDING DISTANCE : 2 NM /1000 FT FL350

AT 280 KT: 2Nl 1000 FT (500 FTINM) NO WIND
Flight Level { FL200 1 FL300 | FL400
Distance (NM) | © | 8 | 8

GLIDING DISTANCE : 2.5 NM /1000 FT
GLIDING DISTANCE AT GREEN DOT: 2.5 NM/ 1000 FT (400 FT/NM) NO WIND

Fiight Level [ FL200 I FL 300 | FL400
Distance (NM) { 50 J 7 | 100

@ |f forced landing anticipated: FL200
DESCENT SLOPE (CONF 2, /G DOWN) : 1.6 NM/ 1000 FT (600 FT/NM)

30| 50| 55 60| 65 70|

Figure 9. QRH derived decent profiles diagram (Airbus, 2019d)
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With such disconnectedpieces of information, with deceleration and configuration
segments notconsidered, | argue that the procedure offers limited support for pilots to calculate
and monitor their gliding profile. | have contacted Airbusto reques more details about the
procedure design,but | have not received an answer.

5.3.2 Deriving a connected Airbus A320 QRH profile

To create aconnectedreference gliding profile from FL350 based on the QRH procedure
information, assuming that theaeroplaneis already at 280KT at FL350, we need to decide the
following:

a) When and how to transition from 280KT 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 mgal aeroplane and simulator
experience. Generally, for level deceleration segmentd, 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 scenarjthe aeroplane has a Gross Weight of 63
tons. Interpolating the QRH procedure performance tablesve can obtain:

1 Green dot speed at or below FL200 = 20&T (Airbus, 2019d, ABN 19.03A
1 VAPP = 166&KT (Airbus, 2019d, ABN 19.04A

Having defined these twanecessaryoperational 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 cae, based solely on my estimation, | subtract 1/3 of this
deceleration segment and round it up to 5SNM.

b) 206 KT (green dot) to VAPP 16&T in a 2NM level flight segment at 3000ft AAL with
gear down

In Figure 10, | attempt to visualise a connectedgliding profile derived from the A320 QRH
information:
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GLIDING DISTANCE : 2 NM /1000 FT == s
ATZ80KT: 2N 1000 FT (500 FTIVH) NO WIND
FightLevel ‘ AL | [ | FLaw
Distance (NW) ‘ 0 ‘ ) | )

GLIDING DISTANCE : 2.5 NM /1000 FT 280KT

GLIDING DISTANCE AT GREEN DOT: 25 N/ 1000 FT (490 FTM) HO WIND
Fiight Levei ‘ L0 ‘ FL 30 ] (Y]
Distance (M) ‘ 50 ‘ s ] 100

 |f forced landing anticipated:
FL200

DESCENT SLOPE (CONF 2, L/G DOWN) : 1.6 NM / 1000 FT (600 FT/INM) —
SNM deccelerstion segment
206KT )
FL150,

ZNMdeccslerstion & configurs

Al 10 30| i 10| 4 2850 55| &o| &s| 70 sa{um

| I

Figure 10. QRH derived gliding profile

Finally, to measure the deviations of simulation profiles flown using only the Airbus QRH
procedure, | have chosen thdollowing altitude/distance/speed referencepoints:

ALTITUDE/FL DISTANCE SPEED
FL350 84 NM 280 KT
FL200 49 NM 206 KT
FL100 24 NM 206 KT
3000 FT 5NM 166 KT
S0 FT 0 (AT THRESHOLD) 166 KT

Table2. Airbus QRH derivedprofile - measurement points

5.3.3 The heuristic profile

Quite a few years ago,uting one of my recurrent A320 simulator briefings un by asenior
Brish AGAT ET AOh ) xAO DOAOKEDAMGEA ODE IABI BAH MO AL ADIAA
ENG FAIL descent profile:

O" Al 1 x ,take aurmatiitude (thousands of feet) and multiply it by two to get your
distance. Your target is to be at 6000ft 12NM out wheyour aiming point should be the far end of
the runway. Around 3000ft lower the gear. Theaeroplanex E1 1 OOET E8 T1-doiAl U EI
UT T Rh& & not an exact quote. It is what | remember.

This heuristic using a simple rule to calculate and monitotheir gliding profile for a
straight-in approach can be summarised in the following formula:

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

This approachseems 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 = aproximately 2NM/1000ft
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This is a simplified andincorrect average as the times spent in descent at high speed, at
green dot speed and otthe final approach are not equalHowever, 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 energgn be mamged using speed brakes
and/or extending the landing gear earlier.

Importantly, the heuristic assumes that the transition from green dospeed to landing
configuration is done in continuous descent, without a levebff segment aspilots usually do in
normal operations, preferring a constant descent approach.

£1200

35| 37 © 15 4850 ss| 60, 65| 70 salum

Figure 11. Heuristic gliding profile below FL200 compared to the Airbus QRH profile

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

OEA OEOOAI AEITET C DPITET 08 ) (ndpibabstrdghth appmachtivEOT p ¢ . -

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 countantuitive, 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 thapproach, 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 straighih approach at and below FL200 (as
depicted in Figure 11). At this point on the descentthe aeroplaneis already flying at or close to
the green dot speedThe 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 (206T for
the simulated weigh), which is the same as the Airbus QRH data foyifig 280 KT.

We can see that the heuristic profile is almost 20% more conservativihan the QRH
profile. Fom FL200, the QRH derived profile estimates 49NM gliding distancand theheuristic
profile estimates 40NM Managing the extraenergyis achievableby deploying the speed brakes.
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We can define a heuristic gliding reference as follonat 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
S0 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 cadbere is a circling approat that can be usedFigure 12).

Green dot speed

3000ft
Geardown

j\ 30 degrees (teardrop entry)

Figure 12. Heuristic circling profile
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6 Results

This chapter presentsthe participantsddemographic data and theresults of the initial
interviews, simulation profiles, and questionnaires, followed bya brief result analysis and
synthesisthat will constitute the base for thesubsequentdiscussion chapter.

6.1 Crewsample size and characteristics

Twenty-four airline pilots took part in this researchproject. Theyformed 12 crews that
took part in 12 simulations. Out of these 12 simulationsonly eight are counted for the research
results and analysisThe first three simulations are not counted They wereneededfor testing and
fine-tuning the research protocol. @w number 8 isalsonot counted in the results as they did not
manage to perform SIMULATION 8ue toa combination ofsimulator technical issuesand COVID
19 curfew restrictions in Budapest

The following demographic details concern a population of 16 pilots who constitutecrew
number 4, 5, 6,7, 9, 10, 11, and 12. Thegews took part in simulations that counted towards the
research Thepi 1 008 OATE AT A AGPAOEAT AA AOA OAAOI AGAA

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

Table4. Pilot classification by rank

Experience type Average hours
Total flight hours 5969,2
Total airline PIC hours 2975

A320 total flight hours 4170,6
A320 total PIC hours 2066,7

Tableb5. 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 usedrules-of-thumb throughout their career as airline pilots.The examples they gave
are tabulatedas follows:

Question 2

RATE OF TURN CALCULAT i
lhe 291 ¢l 9w w! ¢eemmhC 59{/ 9b¢X
OPT CRZ LVL CALCULAT iixa
MPS TO KT
USING 'GATES==
FUEL CALCULATICiimm
VOR DME ARCumm
ALL ENG FAI n—
1IN 60 RUL En——
GEAR EXTENSION TO BE STABI i
VERTICAL SPEED CALCULA il
DESCENT CALCU L/A T |2

0 2 4 6 8 10 12
Frequency

Table6. Initial interview zDAOOEAEDAT 008 OAODPI 1T OAO AAT OO DPOAOGET (

The participants mentioned the following situations when asked to look at theQRH
ABNORMAL AND EMERGENCY PROCEDURES TABLE OF CONAEDUES 2019d, ABN and
choose the situations tlat they perceive asmost critical in terms of time available, loss of
automation, descent profile and other.

Question 3

ENGINE TAILPIPE F| iz
VOLCANIC ASH ENCOUN imim
FORCED LANDIN Gmm
DITCHING m———
FUEL LEAKn——
ENG FAIL m——
BOMB ON BOAR Du——
ALL ENG FAIL AT LOW ALTITU miSa—
ELECTRICAL EMERGENCY CONFIGU RuiiSix—
EMERGENCY DESC Bl
SMOKE/FUMES/AVIONICS SV Csi s
UNRELIABLE SP [ i
ALL ENG /A | |

0 2 4 6 8 10 12
Frequency

Table7. Initial interview - participants' opinion about 'the most critical situations' in the Airbus
QRH
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6.3 Simulations

Google Earth screenshots of all simulated profiles, includingethiled tabulated data for
the eight comparative simulationsand questionnaires are presentedin appendix 5. Details about
how the simulation data has been retrieved are presenteith appendix 3.

In this subchapter,lIAS and DME variation around the reference profiles dataisimaries
and paired samplest-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

SIM1 SIM 3 SIM1 SIM 3 SIM1 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 415 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

Table8. IAS variation around reference profiles and-test results
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Figure 13 shows thevariation in IAS(KT) around the Airbus QRH profile at 3000ft, FL100,
and FL200, for simulations that used Airbus QRH onl

DELTA IASAIRBUS QRH

— AIRBUS QRH PROFILE REFERI
— CREW 4
- CREW 5
CREW 6
= CREW 7
— CREW 9
—CREW 10
— CREW 11
—CREW 12

Altitude

-50 0 50 100 150
Variation around the AIRBUS QRH reference profile (KT)

Figure 13.IASvariation around the Airbus QRHprofile z simulations using Airbus QRH only

Figure 14 shows thevariation in IAS around the heuristic profile at 3000ft, FL100, and
FL200, for simulations that used Airbus QRH + Heuristics.

DELTA IASHEURISTICS

19000
17000
| ——HEURISTICS PROFILE REFER
15000 ——CREW 4
o 13000 ——CREW 5
©
>
£ 11000 | CREW 6
< ——CREW 7
9000
——CREW 9
7000 ——CREW 10
5000 | ——CREW 11
a@' ——CREW 12
-50 0 50 100 150

Variation around the heuristic reference profile (KT)

Figure 14.1ASvariation around the heuristics profile z simulations using Arbus 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 15 -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

Table9. DME variation around reference profiles and-test results
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Figure 15 shows thedistance variation (DME) around theQRH profile at 3000ft, FL100,
and FL200, for simulations that used Airbus QRH only.

DELTA DME FROM AIRBUS QRH
y

— AIRBUS QRH PROFILE REFERI
— CREW 4
- CREW 5
CREW 6
— CREW 7
— CREW 9
— CREW 10
—CREW 11
—CREW 12

Altitude

3000
-15 -10 -5 0 5 10 15 20

DME variation around the AIRBUS QRH reference profile (NM)

Figure 15. DMEvariation around the Airbus QRH profilez simulations usingAirbus QRH only

Figure 16 shows thedistancevariation (DME) around the heuristic profile at 3000ft,
FL100, and FL200, for simulations that used Airbus QRH + Heuristics.

DELTA DME FROM HEURISTICS

——HEURISTICS PROFILE REFER
—CREW 4
- CREW 5
CREW 6
—CREW 7
— CREW 9
—CREW 10
—CREW 11
—CREW 12

Altitude

-20 -10 0 10 20 30
DME variation aorund the heuristics reference profile (NM)

Figure 16. DMEvariation around the heuristic profile z simulations usingAirbus QRH +
Heuristics
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The simulations that used heuristics indicate that pilots managed to improve theontrol
accuracy during the descentmore notably in the later stages of the descent, whehe time and
altitude resources are narrowing down to zero at touch downFigure 16 shows how actual profiles
converged towards theheuristic reference profile, indicating that pilots were able to effectively
anticipate and accommodate flight path trendgGawron, 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 Valuesof the t-testsin the later stages of the glide for
both IAS and DME variations dataFjgures 13, 14, 15, and 16).It can be concludedthat the
difference made by addingudgment 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 termsf reaching or not the
desired outcome (landing and stopping on a reachable runway). In that caghe results are as
follows:

O=crashed landing, 1=successful landing
SIM1 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

Table10. Simulation outcomest-test

This t-testindicates that the judgment heuristic addition to the manufacturer procedure
made a significant difference in the JCS's desired performangéolinagel & Woods, 2005)
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6.4 Questionnaires

The pilots had toindividually fill out an identical set of questionnaires after their first

simulation (using only the Airbus QRH and referredo asthA O! EOADOO 12( 3 EI 01 AGE
their third simulation (using the Airbus QRH and the briefed and pracsed judgment heuristics

AT A OAZEAOOAA AXE | GH A EEH A&SAHMEI@ Edhtained three rating scales

(Gawron, 2008:

1 China Lake Suational Awareness Rating Scale
9 Bedford Workload Scale
1 Modified CooperHarper Rating Scale to measureavigational decision-making effort

The results areas 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 depictthe PET T 008 3! DOI COAOOEI 1T OEOI OCEI 00

China Lake SA Rating Secadbus QRH Simulation

30000

— CREW 4
CREW 5
CREW 6
CREW 7

— CREW 9

X ——CREW 10
——CREW 11

/ ——CREW 12

6000 -7
1 15 2 2.5 3 3.5 4 4.5 5

Very good SA rating value Very poor

Altitude

Figure 17. Results: China Lakeifiational AwarenessRating Scale Airbus QRH simulation
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China Lake SA Rating Scafeuristics Simulation
30000

—CREW 4
= CREW 5
CREW 6
CREW 7
—CREW 9
— CREW 10
— CREW 11

Altitude

—CREW 12

6000
1 1.5 2 2.5 3 3.5 4 4.5 5

Very good SA rating value Very poor

Figure 18. Results: China Lakeifiational AwarenessRating Scale Heuristics Simulation

CHINA LAKE SA RATING SCALE (AREBULTS

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

Table11. China Lake SA Rating Scale crew average results asdst results

Comparing the two situational awareness rating scales iRigures 17 and 18, thet-test

situational awareness knowledge of energy state/environment/gliding distance, andability to
anticipate or accommodate trendsYGawron, 2008)
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6.4.2 Bedford Workload Scale

The plots rated their perceived cognitive effort to manage the workload as follows:

CREW
4 5 6 7 9 10 11 12 13
Q 1
5 2
x j * — e o ¢ ® AIRBUS QRH SIMULATIC
2 s * © HEURISTICS SIMULATIO
O )
O 6
X
xr py
O s
= 9 o
10 o [ ] [ ] [ ]

Figure 19. Pilots' rating on the perceivedeffort 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 55 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

Table12. Bedford Workload Rating Scale crew average results amdest results

Comparing the workload rating results inFigure 19, thet-test results in Table 12 indicate
that judgment EAOOEOOEAO OECTI EAEAAT OI U Ei BDOI OAA rOEA AO,
workload.
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6.4.3 Modified CoopefHarper Rating Scale to measure Decisidgiaking

The plots rated the decisionmaking difficulty as follows:

CREW
0] 4 5 6 7 9
Z
=
< 2
0:3 [ ] [ ] { ] { ]
0} °
> 4
¥ 5
< 6 °
3 7 I
0 8
O
O 9 °
0O 10 o o

10

11

® AIRBUS QRH SIMULATIC
@ HEURISTICS SIMULATIO

Figure 20. Pilots' rating on the perceived difficulty to makeeffective navigational decisions

MODIFIED COOPERARPER RATING SCALE

SIM 1
CREW 4 9
CREW 5 7.5
CREW 6 10
CREW 7 10
CREW 9 6
CREW 10 10
CREW 11 3
CREW 12 8

t-test: Paired Two Sample for Means

Mean 7.9375
Variance 6.03125
Observations 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

SIM 3

WND WO W

3
3

3.0625
0.316964

8

Table13. Modified CooperHarper Rating Scale crew average results arteest results

Comparing the decisioamaking rating results in Figure 20, thet-test results in Table 13

effective navigationaldecisions.
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6.5 Results analysis

The averagedelta 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/IA$etting
closer to the reference values approaching the landing.

AVG DELTIAS

25000
20000
15000
10000

5000

—AIRBUS QRH
— HEURISTICS

0 10 20 30 40 50 60

Figure21. 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/DMjetting
closer to the reference values approaching the landing.

AVG DELTA DME

25000
20000
0
— AIRBUS QRH
10000 —HEURISTICS
0
6 4 2 0 2 4 6 8

Figure 22. Delta DME average: Airbus QRH and Airbus QRH + Heuristics simulations comparison

Both IAS and DME for given altitudes showdifferent 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 Scégawron, 2008, p.239)has been used
to individually measurethe DET | 008 DAOAAEOAA Al Al AhroGgboutithle OE OOA
descent Three subcomponentswere 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 imable 8:

SA Scale Value Content

VERY GOOD Full knowledge of a/c energy state/tactical environment/mission
1 Full ability to anticipate or accommodate trends

GOOD Full knowledge of a/c energy state/tactical environment/mission
2 Partial ability to anticipate or accommodate trends
No task shedding
ADEQUATE  Full knowledge of a/c energy state/tactical environment/mission
3 Saturated ability to anticipate or accommodate trends
Some shedding of minor tasks
POOR Fair knowledge of a/c energy state/tactical environment/mission
4 Saturated ability to anticipate or accommodate trends
Shedding of all minor tasks as well as many not essential to flight safety/mission
effectiveness
VERY POOR  Minimal knowledge of a/c energy state/tactical environment/mission
5 Oversaturated ability to anticipate or accommodate trends
Shedding of all tasks not absolutely essential to flight safety/mission effectiveness

Table14. China Lake Situational Awareness Rating Scale (Gawron, 2008, p.239)

Figure 3D OAO0AT 0O A AT I PAOAOEOA AOAOACA 1T £ PEIT 0O
descent:

China Lake Rating Scakeverage SA

30000
[}
©
=
E — AIRBUS QRH SIMULATIC

— HEURISTICS SIMULATIO
6000
5 4.5 4 3.5 3 2.5 2 1.5 1
Very poor Rating value Very good

Figure 23. Results: China Lake Situational Awareness Rating Scal&ll-crews average

The perceived SA is rated significantly better when usingidgment heuristics.
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ThepEl 1 0086 DAOAARAEOAA AEmEI OO0 O1 1 AT AGCA OEA xi1 0
Workload Scale Roscoe, 1984, p1:8, as cited by Gawron, 2008, p.161In case of a crash during
the Airbus QRH simulation, some pilots ranked their workload management abilitiest 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  Workload Enough Insufficient Reduced Little Very Little Very high  Extremely Task
Insignificant Low Spare Spare Spare Spare Spare Workload High Abandoned.
Capacity  Capacity  Capacity. Capacity: Capacity, But With Workload. Pilot Unable
For All for Easy  Additional Level of Maintenance AlmostNo No Spare to Apply
Desirable  Attention Tasks Effort of Effort in Spare Capacity. Sufficient
Additional to Cannot Allows the Primary Capacity. Serious Effort.
Tasks Additional  Be Given Little Tasks Not In  Difficulty in  Doubts as
Tasks the Attention Question Maintaining  to Ability
Desired to Level of to
Amount  Additional Effort Maintain
of Tasks Level of
Attention Effort

Table15. Bedford Workload Scale (Roscoe, 198 p12-8, as cited by Gawron, 2008, p.161)

b ° b ® ® L ® ® AIRBUS QRH SIMULATIC
o @ HEURISTICS SIMULATIO

WORKLOAD RATING
©O~NOUAWN R

=
o
[ ]
[ ]
[ ]
[ ]

Figure 24. Pilots' rating on the perceived effort to manage the workload

The results indicate a significant improvement inthe PET T 008 DAOAAEOAA AAE
their workload using judgment heuristics consistent with the simulation results and the SA
ratings.
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ThepEl 1 006 DAOAAEOAA AxEA£EI 0O OiF 1 AEA OEA OANOE
primary task (land and stop on a runway) was measured using the Mdied CooperHarper 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 decisionstalO (impossible).

1 2 3 4 5 6 7 8 9 10
Very Easy, Fair, Minor Moderately Very Major Major Major Impossible
easy. Desirable Mild But Objectionable Objectionable Difficulty Difficulty Difficulty
Highly Difficulty Annoying Difficulty But Tolerable

desirable. Difficulty Difficulty

Table16. Modified CooperHarper Rating Scale (Gawron, 2008, p.168)

CREW
o 4 5 6 7 9 10 11 12 13
Z 1
:: 2 °
nd
) i * * ¢ Y ® * ¢ o AIRBUS QRH SIMULATIC
°
5 5 ® HEURISTICS SIMULATIO
= 7 °
» 8 °
(Lﬂ 9 °
Q 10 ° ° °

Figure 25. Pilots' rating on the perceived difficulty to make effective navigational decisions

The results indicate a significant improvement inthe PE1T 1 008 DAOAAEOAA AAI
decisions using judgment heuristics, consistent with the simulation results, SA and workload
ratings.
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6.6 Resultssynthesis
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The variations around the reference profiles and the situational awareness, workload)@&
decision-making rating scales, consistentlyndicate thatjudgment heuristics positively impact the
management ofthe experimented ALL ENGINES FAIL situation at cruisingjtitudes.

Essential to this research i®ne subcomponent ofthe China LakeStuational Awareness
Rating ScalenamelyODEA OAAEI EQUAART AT O & A GO 2089} BFgure
27, this sub-component meaurement average mayrobably indicate the mostnotable benefit of
using judgment heuristics as a feedforward artefactdirectly impacting the DET T 006 DAOAAE
ability to use anticipatory control (Hollnagel & Woods, 2005)and directly contributing to all the
other results:

Ability to anticipate and accommodate trends - Average

30000

— AIRBUS QRH SIMULATION

Altitude

—— HEURISTICS SIMULATION

6000
OVER-SATURATED SATURATED PARTIAL/FAIR FULL

Figure 27. China Lake SA Rating Scale (Gawron, 20083bility 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 procedup&irbus, 2019d, ABN 19.01A could
bi OEOEOAIT U Ei PAAO OEA DPEIT O06 1 AT ACAI AT O T £ OEA
difficulty, and workload management abilities(Gawron, 2008). These improvements could be
detected bothbased onOE A D E la$sésénient éndbhsde onthe 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 Huran Factors and
Ergonomics (HF/E) (Wilson & Sharples, 2015)and the Cognitive Systems Engineering (CSE)
(Hollnagel & Woods, 2005) delineated in the literature review. More specifically, | explore three
directions in the subsequent discussion: a) the avenues for further research; b) the comparative
performance of JCS with and withoutte addition of judgement heuristics; and c¢) the comparative
Ei DOT OAI AT 66 O1 OEA PDPEI 1006 bDPAOAAEOAA AAEI EOU
decisions, and manage workload, after the addition of judgement heuristics. The chapter also
analyses the! EOAOO BHOI AAAOOA AAOECT AT A EOO EIi PAAO 11
navigational trade-offs and concludes by explaining the findings by referemug Hollnagel and
71T A0S jegnmuvg DPOETAEDPI A T &£ ATT1T0011T 11TAAO P8 pr1y

7.1 Initial interviews

4EA PAOOEAEDAT 0686 AT OxAOO O1 OEA ETEOEAI 00O«
&EOOOI Uh EAOOEOOEAO AOA DPAOO 1T &£ OEA &EIT 008
pilots know and use judgment heuristics for various normal and abnormal situatins (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 critizaterms 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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AEOI ET A OOAETEICd OEE AO ¢.- Ui O thady, dwArith®A ommm
CAAO 1 AOAO68 4EEO AOAx ET AEAAOAA OmAking @GtipdgsA OO OAI
Nevertheless, using the more elaborated judgment heuristics studied in this research, crew 11

also showed improvement in their SA and decish-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 ofthe 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 eightwho did not have time to complete the third
simulation due to delay caused by simulator technical issues and curfew restrictions in Budzgi.
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 ia 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 ENGAIL judgement heuristics, i.e.after having added such
EAOOEOOEAO O OEAEO ALQEDHORAGA POAIOCIAI OABGS 801 4 EORE AD(
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.

IA5 3000 FT IAS FL10O IAS FL20O
50
40

30
20
o
SIM 1 10
osiM 3
a

-10
-20
-30

NOT TO SCALE
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HEURISTIC PROFILE

25 30 35 40 45 48|50 55 60

DME 3000 FT DME FL100 DME FL200
10 25

B5iM 1
os5iM 3

o : ﬁﬁﬁ 1:

-15 -15

L N I T I- ]

Figure 28.1AS and DMEvariations 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
IO AT OOAT AGET T h xEEAE -dnddAUONAD OO AOA OB 1 BDA G A OA Ad(

choice of next action is basicallyandomsr Ail PEAOEO AAAAAYO6 | (11 11T ACAT ¢
indicators of ascrambledcontrol 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 tradewff speed to reach a certa altitude at a
certain distance as required by the heuristic profile. The DME variations consistently reduced
AppOil AAEET ¢ OEA 001 xAus '1T EIT AOAAOGAA PEIT 006 A
selection was based on a clear plan, displays theges of atactical control mode(Hollnagel &
Woods, 2005, p.148).

The above comparisorsuggests that the heuristics offered pilots the possibility to control
the flight path effectively, making the necessary corrections to follow the desired profile

7.3 Quedionnaires

The questionnaire resultsshowET AOAAOAO ET OEA PDPEI T 008 DAOAAI
ability to make navigational decisions, and ability to manage the workload after the inclusion of
judgement heuristics in their cognitveOOT T 1 AT @68 | O AEOHgOYf the ET OAR
OAAETI EOU OiI AT OEAEDPAOA AT A AAAT I 1T AAOGA OOAT Abo j
all the other comparative results showing such differences. More specificalligure 29 indicates
the SAratings following SIMULATION 3 consistently having higher values and less variation at all
measurement points than the values following SIMULATION 1. Adther things being equal
(simulation variables), this difference may be due to the effectiveness ofggment heuristics as a
reliable and straightforward feedforward artefact. The overall decisiormaking (Figure 24) and
workload rating scales (Figure 25) results confirm the benefits.

SA RATING SA 6000FT SA FL100 SA FL200 SA FL300

1. VERY GOOD

asIM 1

OSIM 3
2.600D = ?
3. MEDIUM E E é
4.POOR

5. VERY POOR

Figure 29. SA variations (detail dfigure 26)

What makes judgment heuristics a more effective navigational tool than the manufacturer
procedure? Possible answers are discussed in the following three sections. | will be looking at the
manufacturer procedure desgn and compare it with the judgment heuristics through the lenses
of typicality and familiarity (Clewley & Nixon, 2020), HF/E (Wilson & Sharples, 2015)
DAOODPAAOE OAght-OBEA OOOOOEB N AT A OfdmpleXily ratdiDAEsI 8 OC
Finally, the principle of control modes will integrate everything into a CSE (Hollnagel & Woods,
2005) approach.
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7.4 A HF/E approach to the Airbus ALL ENGINES FAIL procedure and heuristic
profile

During the simulations, all participaing 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 ingirment resulting from this abnormal situation wasmost
evident throughout SIMULATION Lwithout heuristics) across most pilots, which is reflected in
the situational awareness, workload, and decisiomaking questionnaire results (Gawron, 2008).

The Airbus A320 ALL ENG FAIL QRH procedure does not sufficiently account for the
PEI T 006 & OAOGAAAAT A AT 1 OAoOOAl AT ¢l EOEOA AAEI EC
2015). When pilots suffer from decreased cognitive abilities as a result of abrormal situation
(such as ALL ENG FAIL), they may not be able to effectively manage complex checklists while
naturally prioritizing the higher -level priorities z fly and navigatez as demanded by the Airbus
Golden Rules. The pilots need simplified alternves to meet these essential highelevel
priorities. The Airbus procedure fails to meet these necessities because it uses complicated,
unfamiliar, and atypical profiles thatits users cannot effectively operationalize (Clewley & Nixon,
2020a).

Are there AT U A@GAiI 1 AO T £ PpOT ARAOOAOG OEAO AAOOAO
ENGINES FAIL situation? Two such instances are provided in the CRJ 900 QRH and BAE AVRO
146RJ FCOM procedures.

CRJ 900 QR{Bombardier, 2019, EMER #)

In the late stages of this proedure, 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 110).

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 thahey 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 ChecKisitish Aerospace, 2007, 6.18):

Flight with all Engines inoperative - Profiles

Visual Approach & Landng

nx;p;a’;?la&e | of landing headwand less than 10 ki
If Raps available, 3500 ft agl
select 24° fiap
Adyust bank angle 1o maintain
aspect 10 touchdown S—
—{ Gear down ]
Speed 8 Ve +10 ki
for the le
If faps available, S
select 33° flap when
landing B assured
07 bank Headwind
Abeam touchdown ,— T——
> 6000 &t agl | Extend str2ight ahead for 1 second per
» Rap0® l knot of headwnd greater han 10 kt
» Landing gear up
7 Vpgpgt 10 Kt
933 00-00003
IMC Approach & Landing
\ A

25 nm per 10001
Flap o*

\ +10 K

Height agl (ft)

1 nmin 1000 ft siope interception with faps available|
» Landing gear down

» Flap 18° 3000
» Thenfurther fiap to maintain 1 nm per 10001 1 nm pe
- 000 1t

Ve #10 Kkt for the flap angie 2000

1 nm in 1000 11 slope interception without flaps:
» Landing gear down

» Lower the nose and increase speed 1o maintain a 1000
siope of 1 nm per 100011t

~ Aim to fouchdown a1V

.

Track distanca to touchdown {nm) 3 2 1

LIPS 080004

Figure 30 AVRO 146REFCOM(British Aerospace, 2007 6.18

Alternatively, BAE offers a clear and simplified thregoage checklist, with onepage
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 adjtrments using typical
and familiar principles that airline pilots use during usual traffic patterns (Clewley & Nixon,
2020Db).

Both examples demonstrate that procedures can indeed be devised with sufficient detail

and in a manner that accounts for thadbET 1T 008 Al OAOAAAAT A AT ClT E
situations, highlighting the abovementioned gap in the Airbus QRH procedure.
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This conclusion also has theoretical support. In the context afiscussing conceptual
categories, Clewley & Nixon (2020) ssgA OO OEAO DPEI T 006 OAOEAOQOEIT EI
explained through the lenses ofypicality and familiarity8 4 EAU AOCOA OEAO OOUDPE
more readily learned and more easily recognized they are stronger concepts and describe
where our knoWlAACA EO AT 1T AAT OOAOAASG |21 OAE AO Al 8h pwy
¢nnmmh AO AEOAA AU #1Ax1 AU Q .E@ITh ¢mgmQg8 4EA A
repetition, so familiarity is an important driver of recognition, retrieval, d A 1 AAOT ET Co6 | " A
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 hesirist

In a Joint Cognitive Systems approach (Hollnagel & Woods, 2005), the A320 ALL ENGINES
FAIL QRHorocedure and the judgment heuristics act as artefacts that pilots can use to calculate
and control navigational profiles. These artefacts are structured ddrently, and they also
£O0T AGETTAIT U Ei PAAO OEA *#38 4EA TA@0 -@hkAOEIT O

OECEOS6 001 A AT A O-Ednpléxityl TadeDO(HdlInggelR&BNodl$, FOATE. O U
751 ¢ KS WHRRNDPKIIK 0 Q NIzt S

Hollnagel & Woodd j ¢mmu q A OC O AighGERAQE OGE A0 OO AE CEE®A OAT O
POET AEDPI A OEAO EO OOEI PI EAEOU EOOAI £ AT A x1 01 A (
xAOA TT1U bl OOEAT A O OAAI EOA EOO | biSpleseidg 4 EEO E
the right information, in the right form, at the right time.

The right information

I xAU 1T &£ AAEET ET Cc OOECEO ET &£ Oi ACGET 16 EO 00I
by the system design. An almost trivial example of that is a sdtion described by operating

procedureszAT OE A& O 11T O0i Al 1T DPAOAOGET T O AT A Ai AOCAT AEAQG
By all metrics in this research, the simulations suggest that judgment heuristics may be a

i1 OA AEEAKOEOA O i1 pabiity tddortrdl thddhiding pradilé (KiguleQdand O A A

Section 7.2. on Simulations above). Does this suggest that the information presented by the

i AT OEAAOOOAO EO 110 OEGCEO 1T O OEAO EAOOEOOEAO EIT A

basedonOEA | AT OEAAOOOAO6 O AAOA EO OAAETEAAIT U 11 OA

judgment heuristics - the QRH navigational information is technically correct, hence, technically
right. Nevertheless, both the analysis of this procedure in Chapter &ove 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 dot 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 complexigs much as possibland to
offer the necessary steps to maage it. The judgment heuristics simplify the situation and
OEAOAZE OA OAAOAA OEA DPAOAARAEOAA Al i Pl AgEOU8 O) £ O
Al 61 AA OEiIi 1 A0 O1 Ai1 0601186 j(I11TACAT o 711 AO¥
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, @).

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
j Al OAAAU O1T 1 EECETOI 1 Itd fail@then time Ecdomes@i h@tAsply T OE O
AAAAOOA EAAAAAAE AATTT O AA DPOI ARAOOGAA EAOGO AT 1T OCE
Alternatively, the judgment heuristics can act as a feedforward and feedback single
artefact that is always available at tkb right time (from the beginning of the event, all the time
throughout the descent). It can beused 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 SimplicityComplexity TradeOff

The Airbus calculations estimate a potentially longer gliding range, therefore possibly
offering more landing airport choices. Using simplified heuristics presestA OEOE 1 £ POl OE/
conceptually simpler world attheco® T £ A OAAOAAA | AOAE O OAAI EQU
p.87), which in some hypothetical cases may make a difference on the desired outcome.

4EA EOACIi ATO EAOOEOOEAO i1 Au AT AAT A PEIT OO xE
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

i AOAT ET OATOEI 16 j2A0I OOOAT O , ETAR)pwyph D8wh A
The QRH can be seen as an artefact developed on a manufacturer procedural prototype

i TAAl xEEAE OA Odefneddsbquedde AdiQelefentary) Actions or a procedural

DAOOAOT AQGEOOOh xEEAE OADPOAOGAT OO A (Holodgel & AOOOAI

Woods, 2005, p.144). The judgment heuristics are shortcutting mechanisms (Jarvis et al., 2014)

that help pilots cope with the failure management in theactual context (prioritizing actions and
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making navigational tradeoffs from the onset ofthe failure down to landing); therefore, they can

AA OAAT AO AAOGAA 11T A Ai1 OA@OOAT ATTO0OIT 11TAAI x
AT 1 OAgO OAOEAO OEAT AU AT ETEAOAT O OANOAT GEAI OA
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 gh-level goals, such as
flying (understanding the new actual state)and navigating (anticipating and accommodating
trends), andperform complex checklists. The choice of using judgment heuristics for calculating
the navigational profile is a clear exampleof procedural simplicity-complexity trade-off
(Hollnagel & Woods, 2005, p.82), which is a form of Efficien€yhoroughness TradeOff (ETTO)
(Hollnagel, 2009). The pilots prove to be more effective in managing the situation usira
simplified and less accurge judgment heuristic instead of being more thorough using the more
precise Airbus checklist calculations.

7.6 Discussion summary

This research has aimedo evaluate how the Airbus QRH procedure contributes to the
DEI T 006 1 AT ACAIl AT O TNGINESARAIiIQ&iAnEaT ctuisifigialtitudé abdard , %
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 Cognitie Systems, | have argued that the QRH procedure suffers from
OAOAOAT AAEEAEAT AEAOh A1l 1T & xEEAE AOA 1 EEAI U OI
it. More specifically, the procedure is couched in atypical and unfamiliar terms, it is notafted
with an eye to the cognitive impairments that are bound to affect pilots in ALL ENG FAIL
OEOOAOQETI T Oh EO ATAO 110 POT OEAA OEA ET £ Oi AGET 1
and it does not help pilots make EfficiencyrhoroughnessTrade-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 decisiommaking abilities and the
desired outcome (succesful landing) being achievednly 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 the
i AT OEAAOOOAOBO bDOI AAAOOAI DOl 01 OUBPA 11 AAI G
navigational state (gliding profile) can be calculated using the information provided by the
manufacturer QRH (the object of this research). Considering the QRH procee design (the
format and timing of the navigational information elements) the cognitive effort required to
DOl AAOO OEA 12( 1T AOECAOEITTAI ET & OI AGETT 1 AU AR
cognitive capacity (Jarvis et al., 2014). This may trigg mainly feedbackbased trial-and-error
performance, indicating ascrambled control modén SMULATIONL1 (Hollnagel & Woods, 2005).
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The application of judgement heuristics in BAULATIONS 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, @13; Wilson & Sharples, 2015), compensating for the Airbus ALL ENG
&'), 12( DOT AAAOOA OEI OOAT T ET ¢cO8 4EA EAOOEOOEAO
i £ OEA POI AAOGO Oi AA Ai 1 Ol i38)./-84sad oh thié navigatbipAl O 7
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 reevaluate the sitiation, which directly impacted a
series of cognitive processes: cognitive workload (Jarvis, 2010, as cited by Jarvis et al., 2014, p.55),
OEA OEOOAOEIT AT AxAOAT AOGO AT 1 OOOOAOO j ET AI OAET ¢
2008; Neisser, B76), and the quicker decisionmaking 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 simulatiorshow that the pilots
demonstrated the ability to make detailed enough navigational calculations (Sectiah2. above).
They made continuous speed/altitude tradeoffs 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 outcoméanding and stopping on a runway.

7.7 Research limitations

This research suggests that trainingn judgment heuristics and simplified workflows may
significantly help pilots manage the ALL ENGINE FAIL at cruising altitudes critical situation.
However, | havebeen trained, and | 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 | flew with and trained most of the ClufNapoca based pilots who voluntarily
participated in this research, | 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 Qigipoca and were
conducted by another simulaor 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. | have tested and compared the studied profiles (ALL ENGINES FAIL judgment heuristics
based straightin and circling approaches) in the norcertified 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 insertedinto 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. Whileis unlikely that the general
indication that heuristics positively contribute to the management of the simulation situation
would be affected bya bigger sample size, more accurate results could be obtained using more
crews.

The methodology used, the One Group PreteBbsttest experimental design (Campbell &
Stanley, 1963, p.7), i10t using a control group and is thereforesubject to several questions
regarding the accuracy and validity of the resultsand the potential effetof 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 useoh the managemaet of the experimental
condition (ALL ENGINES FAIL). However, these results cannot exclude any skilled learning effect
OEAO 1 Au AAAOOA ££O07T 1 bAOOE AdamiAgithatGstgaink@@in & OA Ol
repetition in the experimental design. Furher researd to explore this effect and its influence on
OEA DPAOA&I Oi ATAA T &£ OEA AOAx0O6 DPAOAEI OF AT AA OET OI
AGPAOEI AT 086 0 EAGAQMIOGE] TEA OO OEAO EI BDOT OA A AOA

7.8 Further research

As indicated during the iritial 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.

A
-~
g a
§ %
v
& %
S ¢
(‘jr ARTICULATED <«
52? HIGH-LEVEL WORKFLOW
MANAGEMENT

LOSS OF AUTOMATION

Figure 31. A possible 'most critical situations' boundaries training model

For example, a volcanic ds 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 (igure 31) as the pilots would face the combined challenges of ALL ENG
FAIL and INRELIABLE SPEED situations. A cargo smoke situation is a tionigical 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. Pilotsould 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 presare (but to a lesser extent than a fire/smoke situation).

In a reaklife 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; EASA2018; 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, whighbased
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 th&itE A OET OAOOAT OEIT T 1 AOET AO
i1 ETOOEITEIC A 060Dl U I|(@nddd /et f2615d). 0 hroue thit AAT OA ¢
OOOLEEEAEAT O1 U Al AAT OAGA MEOAI AGE 1T AAA OltheAA EOO
I bAOA&Huayd.8

Talone & Jentsch (2015) add another important element to the onset of an abnormal or
emergency situation context, namelylistractionh OOEA AEOAOOEI 1T 1 £ AOGOAT OE
that are required for the accomplishment of a primary goal to ther competing sensory (e.g.,
OEOOAT h AOAEOIT Ouh AET T AAEAT EAAIT Q AT A Al Ccl EOCEOA
that the startle may be less problematic to the flight deck. Siill, it can trigger a negative
performance, most likely due to theadded effects of surprise and distraction.

2ATEETh 711 OEAOh &EAIT Ah O 711TAO jcmpoq AT T AT (
OOCAETET ¢ OFI AAU AT A0 110 AAANOAOGAI U POADPAOA PEITC
they offer no practicalsolution yet. (Rankin et al., 2013)

A possible solution may come from senior British examiner, captain Michael Watt,
suggestingto train pilots in a highl AOAT OOOOPOEOA | AT ACAT AT O x1 OEEA
well-articulated version of the Airbus Golder2 01 AG AT A OAEOAEDI ET AG OEA O

OEET cC68 7A00 AOCOAO OEAO OOEA AEAITTATCA EO 110 (
AOA OO&EEAOGET C All OEA DEUOEI T T CEAAl OAAAOQGEITO

summarisedOEEO OEOOAOQEIT AO A Ai1 01 AobGigq OPEIT OO 1TAA
AGAAOI U xEAT OEAU T ECEO 110 EAOA OEA AT Ci EOEOA

surprise (M. Watt, personal communication22 April 2020).

J.LeackET OEA ¢mnt PADPAO 7EU O0AT PI A O&OAAUAG EI

#1171 OOOAET OO0 11 3000OEOAT 2AOPI 1T OAOR AOGCOAOGY O4EA
time can be improved through practice, training, and experience in advance of adigaster. Such
DOAPAOAOGEIT ETOI 1 OAO AT 1 OAOOETI ¢ AT i Pl A Al cl EOE

AT CTEOEOA 1 DAOAOGEI 10 j xEEAE OAEA pzc 0Q6 j, AAAEF

This observation explains the benefits of using practised memory items to ensure a
correct immediate response in timecritical situations It may be Worth researching if trainingin

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 mayovide 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
(TT1TTACAT O 71T A0 jcnmuqq O)1 OO6AAA T £ OOUET ¢ Oi
solution lies in understanding the common root of the problems, and to overcome this by
pOi Bi OET ¢ AT Al OAOT AGEOAR ET OACOAOAA OEAx86 (11

| also believe that training pilots in a combined articulated highlevel 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 currentlyimplementing this new approach to pilot simulator training.

"AOAA 11 AOEAAT OEAI OOAOEOOEAOh %" 4 AEI O O EIE
developing the following competencies:

Application of procedures
Communication

Flight PathManagementautomation
Flight PathManagementmanual control
Leadershipand Teamwork

Problem Solvingand DecisionMaking
Situation Awareness

Workload Management

MMTMMHEMNNENMNMN

AEAOCA AT i DAOGAT AEAO OAT AT I PAOO xEAO xAG DPOAOE]
technical knowledge, skills and attitudes, aligning the training content with the actual
Al i pAOAT AEAO T AAAOOAOU ET OEA AT 1 O0A@O 1T &£ AT 1 OA
assessed using the behavioural indicators described in Appendix 1 of the EBT @&anual (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 distra@ons.

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 senario 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

Behaviouralindicators

Workload Management

Manages available resources
efficiently to prioritize and
perform tasks in a timely
manner under all
circumstances.

Situation Awareness

Perceives and comprehends
all of the relevant
information available and
anticipates what could
happen that may affect the
operation.

Problem Solving and
Decision Making

Accurately identifies risks
and resolves problems. Uses
the appropriate decision
making processes

= = =4 =4 =4 =4

=

E |

E

=a =4 _—_a_-_a_-a_-°

Maintains seltcontrol in all situations

Plans, prioritizes and schedules tasks effectively
Manages time efficiently when carrying out tasks

Offers and accepts assistance, delegates when necessan
and asks for help early

Reviews, monitors and crosshecks actions
conscientiously

Verifies that tasks are completed to the expected outcome
Manages and recovers from interruptions, distractions,
variations and failures effectively

Identifies and assesses accurately the state of the and its
systems

)y AAT OEEAEAO AT A AOOAOOAO Al
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 othe people involved in or affected
by the operation and their capacity to perform as expecte«
Anticipates accurately what could happen, plans and stay
ahead of the situation

Develops effective contingency plans based upon potenti
threats

Identifies and manages threats to the safety of the and
people.

Recognizes and effectively responds to indications of
reduced situation awareness

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 decisiormaking 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, q
manual control

Controls the flight path
through manual flight,
including appropriate use of
flight management
system(s) and flight q
guidance systems.

= =4

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 flightenvelope

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 distradbns

Selects appropriate level and mode of flight guidance
systems in a timely manner considering phase of flight anc
workload

Effectively monitors flight guidance systems including
engagement and automatic mode transitions

Tablel7. EBT competencies and associated behavioural indicators (ICAO, 202ppendix ]

Following the crew familiarization with judgment heuristics to manage an ALL ENG FAIL
situation at cruising altitude, the comparative simulations ad questionnaire results obtained in
this experimental research may indicate an improvement in most behavioural indicators
associated with the four EBT competencies presented fable 11.
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8 Conclusions

The scientific object of this researchundertaken 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 tym 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 anALL ENGINES FAlisituation 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 pile effectively operationalizable
T AGECAOETT Al ET & Oi AGEI T8 ' 000i ET ¢ OEAO 11TA
enable pilots to make a successful forced landing on a reachable runway if the engines cannot be
restarted, a reconsideration of theprocedure 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., 20T7a; 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 straighin 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
AT OE 11 OEA AAOESessindat addoh th®tasis oDtieFact GhAtitraddition 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 cogtive 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, alhe pilots participating in this research
preferred to use heuristics to @alculate and monitor their navigational profile. Their choice of
good enough simplicity over more real complexity represents ra example of Efficiency
Thoroughness TradeOff (ETTO) (Hollnagel, 2009 and might be useful to consider during an
eventual procedue 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 dowmzero
at touch down. This conclusion is clearly indicated bDEA DPEI T 008 OAOET CO
situational awareness (knowledge of theaircraft energy state and ability to anticipate and
accommodate trends), the effort required to manage the cognitive workload, and decision
making rating scales (Gawron2008) 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 officialtraining 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 pilot& heuristics that would
help them manage these sitations 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 highlevel

surprise management workflow (M. Watt, personal communicatior22 April 2020), may havea

bl OEOEOA EiIi PAAO 11 DEITO06 Al CIi EOEOA-makihgDET I AAn
processes (Jarvis et al., 2014; Moriarty, 2015; Neisser, 1976) required to make the necessary
trade-offs (Hollnagel, 2009) and their subsequent action§uch training could easily complement

the already existing EvidenceBased approach (ICAO, 2013).
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Appendix 1¢ The Airbud o H!A[ [W 9 b QORHErocedur®

WirzZ ABNORMAL AND 19.02A
A318/A319/A320/321 EMERGENCY PROCEDURES TRVRE
l ALL ENG FAIL (Cont'd) l

“r

® |f engine relight can be attempted:

ENG MODE SEl....oieierieeiecinict ettt et et IGN
® Approaching or below FL 300: Windmill Relight
ALL ENG MASTERS.........oiee et OFF 30 S THEN ON
ENGS RELIGHT .....covvieieiee et TRY REGULARLY
Windmill relight attempts can be repeated until successful, or until the APU bleed is available.
APU (DEIOW FL 250).....ccieieeeeieiecee ettt e START
® |f APU available and windmill relight unsuccessful : Starter Assisted
Relight below FL 200
ALL ENG MASTERS......ocoioririeririe st sssesse e s OFF
OPTIMUM SPEED: GREEN DOT (REFER TO TABLE BELOW)
GREEN DOT SPEED WITH ALL ENGINES INOPERATIVE (ki)
Gross Weight (1000 kg) At or below FL 200 FL 300 FL 400
78 236 246 256
76 232 242 252
72 224 234 244
68 216 226 236
64 208 218 228
60 200 210 220
56 192 202 212
52 184 194 204
48 176 186 196
44 168 178 188
40 160 170 180
WING ANTIICE..... .ottt e

APU BLEED......ccconiiveire e,
ENG MASTER (one at a time)

Between each attempt to relight the same engine, wait at least 30 s with the associated ENG
MASTER lever set to OFF.

SPEED BRAKES AVAILABLE

@ When below 10 000 ft AGL:
PREPARE CABIN AND COCKPIT

BAM AIR ..o oottt e is it ettt st st
BARO REF (if avail)

COMMERGCIAL. ...ttt ettt
ELT <8 (when condiions PEIMIt)......cccvvereveieiereerceiiierceieen e ON
ENGS RELIGHT ..ottt e TRY REGULARLY

USE RUDDER WITH CARE

@ |f ditching anticipated:
Refer to Ditching procedure - 19.04A

<

WZZ MSN 06683 HA-LYT
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Wizzz ABNORMAL AND 19.02B
%ﬁ.{ﬂ‘éﬁﬂ?@?ﬁ D%gé,K, EMERGENCY PROCEDURES TR
l ALL ENG FAIL (Cont'd) l

"

® |f forced landing anticipated:
Refer to Forced landing procedure - 19.05A

<

WZZ MSN 06683 HA-LYT
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W/(W:ZZ ABNORMAL AND 19.03A

A318/A319/A320/A321 EMERGENCY PROCEDURES TR
l ALL ENG FAIL (Cont'd) l

<>

® |f engine relight cannot be attempted:
OPTIMUM SPEED: GREEN DOT (REFER TO TABLE BELOW)

GREEN DOT SPEED WITH ALL ENGINES INOPERATIVE (kt)
Gross Weight (1000 kg) At or below FL 200 FL 300 FL 400
78 236 246 256
76 232 242 252
72 224 234 244
68 216 226 236
64 208 218 228
60 200 210 220
56 192 202 212
52 184 194 204
48 176 186 196
44 168 178 188
40 160 170 180
GLIDING DISTANCE : 2.5 NM /1000 FT
GLIDING DISTANCE AT GREEN DOT: 2.5 NM /1000 FT (400 FT/NM) NO WIND
Flight Level FL 200 FL 300 FL 400
Distance (NM) 50 75 100
APU (DEIOW FL 250)....0ciciiieiirieiiririiis s s START
WING ANTIICE. . coveiiiviirieiis s sesss s sse s ses s svsss s en s OFF
APU BLEED (below FL 200)........cciieiiiieiernineriins e sesss s sessssessssesees ON

SPEED BRAKES AVAILABLE

® Below 10000 ft AGL:
PREPARE CABIN AND COCKPIT
BAM AlR...o i s s s
BARO REF (if avail)
COMMERCIAL. ..ottt ettt ettt st s
ELT <# (when conditions PEMMIt)..........cccerereeireieneveeres e e e ON

USE RUDDER WITH CARE

® |f ditching anticipated:
Refer to Ditching procedure - 19.04A
® [f forced landing anticipated:
Refer to Forced landing procedure - 19.05A

<

WZZ MSN 06683 HA-LYT
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W/(WZZ ABNORMAL AND 19.04A

A318/A319/A320/A321 EMERGENCY PROCEDURES TR
B ALL ENG FAIL (Cont'd) ]

“r

® [f ditching anticipated:
MIN RAT SPEED : 140 KT

wind.

® At 500 ft AGL:
BRACE FOR IMPACT ...ttt sttt

TOUCH DOWN AT MIN V/S
TARGET PITCHATT 11°

® At touchdown:

GPWS SYS .ttt s e s s e OFF
® At appropriate altitude (above 3 000 ft AGL), configure aircraft for
ditching:
FOR LANDING : USE FLAP 2
KEEP LANDING GEAR UP
VAPP .ottt et e e e DETERMINE
G Weigh
(13’;;@)5’9 t 0 50 60 70 80 90 95
VAPP (kt) 150 150 163 173 183 193 198
® At 2000 ft AGL:
CABIN CREW......c.ooviiimicinnrininrseeer e NOTIFY FOR DITCHING
DITCHING PB..c.vvive e et sees e e st ON

Ditch the aircraft parallel to the swell. If that causes a strong crosswind, ditch the aircraft into the

ORDER

ALL ENG MASTERS......co.irrrrerieitnens st ssss s ssss s ssss s OFF

APU MASTER SW....oiiiiiriieiir ettt st se st et OFF
® After ditching:

ATC (VHF 1)ttt et e s NOTIFY

ALL FIRE pb (ENGS & APU)......iirieieiiniiner e seis e seis s PUSH

ALL AGENT (ENGS & APU)......coveieeiii i e v e DISCH

EVACUATION. ..ottt st INITIATE

WZZ MSN 06683 HA-LYT
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WirzZ ABNORMAL AND 19.05A
astans sz EMERGENCY PROCEDURES i
[] ALL ENG FAIL (Cont'd) []

® [f forced landing anticipated:
DESCENT SLOPE (CONF 2, L/G DOWN) : 1.6 NM /1000 FT (600 FT/NM)
MIN RAT SPEED: 140 KT

GPWS SYS...ooiieieieciiiiis e es s s sess st s st bbb OFF

GPWS TERR.....ociteiir ettt ein et sss e e as e st st e s OFF

® At appropriate altitude (above 3 000 ft AGL), configure aircraft for
landing:

FOR LANDING : USE FLAP 2

Only slats extend, and slowly.

VAP ettt ettt e ettt srnra e DETERMINE
%";‘;‘k‘:)""g“ t 40 5 60 70 80 %0 95
VAPP (k) 150 150 163 173 183 193 198

® When in CONF 2 and VAPP:

GRAVITY GEAR EXTN handcrank............ccceevvveeveerennne. PULL AND TURN

Flight controls revert to direct law at landing gear extension.
MAN PITCH TRIM NOT AVAILABLE
Disregard the "USE MAN PITCH TRIM" message on the PFD.
® When L/G downlocked:
LIG JBVEI ..o s s s s DOWN

APPROACH SPEED.........ccccoimniiiininii i, ADJUST

Adjust the speed to the above-mentioned VAPP. However, to reach the landing field or
runway, itis possible to increase the approach speed.

MAX BRK PR : 1 000 PSI

® At2 000 ft AGL:
CABIN CREW.......coiimiicciet et NOTIFY FOR LANDING

® At500 ft AGL:
BRACE FOR IMPACT.....ci i ORDER

® Attouchdown:
ALL ENG MASTERS ..ottt e sttt sen s
APU MASTER SW...............
BRAKES ON ACCU ONLY

® When aircraft stopped:
PARKING BRK.....c.oit et
ATC (VHF 1)
ALL FIRE pb (ENGs & APU)
ALL AGENT (ENGS & APU)....ciueieieereiicsesseies s s

B |f evacuation required:
EVACUATION....covii ettt e INITIATE

WZZ MSN 06683 HA-LYT
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Appendix2 ¢ Technicaldetails of simulators used

The Wizz Air certified simulator in Budapest

The certification documents of the Wizz Airsimulator are:

«
L
INNOVACIOS ES TECHNOLOGIAI .
MINISZTERIUM |
Magyarorszag 2, 1./
Hungary Page 182
[

az Eurdpai Unié6 tagallama
a member of the European Union

Innovaciés és Technolégiai Minisztérium
Ministry of Innovation and Technology

REPULESSZIMULACIOS OKTATOESZKOZ MINGSITO BIZONYITVANYA
FLIGHT SIMULATION TRAINING DEVICE QUALIFICATION CERTIFICATE

s TEE» 0

Hivatkozas: !
Relorence: HU.FSTD.0020

A 1178/2011/EU bizottsagi rendelet alapjan az alabb ismertetett feltételek mellett a Innovaciés és TechnoIOgLi
Minisztérium ezennel igazolja, hogy a(z) &
Pursuant to Commission Regulation (EU) No 1178/2011 and subject to the conditions specified below, the Ministryof
Innovation and Technology hereby certifies that: E

Multi Pilot Simulations BV , s/n MPS-A210

mely az alabbi helyen talalhato:
located at: !

Wizz Air Training Center, 1182 Budapest, UllGi at 807/A B

(Uzemelteti/operated by: CAE Engineering Kft., 1118 Budapest, Kelenhegyi Ut 43.)

i
teliesiti az ORA részben el6irt, a repulésszimulaciés oktatbeszkéz mellékelt miiszaki adataiban szerer’b
kértiményektdl figgé mindsitési kovetelményeket. 8
has satisfied the qualification requirements prescribed in Part-ORA, subject to the conditions of the attached FS'D
specification. '
Ez a minésité bizonyitvany mindaddig érvényben marad, amig a repiilésszimulacios oktatéeszkéz és a minés#6
bizonyitvany birtokosa teljesiti az ORA rész vonatkozd kovetelményeit, kivéve, ha a bizonyitvanyrél lemondangk,
hatalytalanitjak, felfliggesztik vagy visszavonjak.

This qualification certificate shall remain valid subject to the FSTD and theholder of the qualification certifice ‘e

remaining in compliance with the applicable requirements of Part-ORA, unless it has been surrendered, supersede 1,
suspended or revoked .

SRS S D e

A kibocsatas datuma: Alairas: %\\ﬁ

Dita Jssiier 2020. oktober 28. Signed: i \N
H\a% Astvan
osztalyvezetd

145, szami EASA-nyomtatvany, 1. kiadas
EASA Form 145 Issue 1

Figure 32. Simulator certification document
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Innovéciés és Technolégiai Minisztérium
Ministry of Innovation and Technology

A REPULESSZIMULACIOS OKTATOESZKOZ MUSZAKI ADATAI
FSTD SPECIFICATIONS

REPULESSZIMULACIOS OKTATOESZKOZ MINOSITO BIZONYITVANYA:

| C. “rmary reference document:

FSTD QUALIFICATION CERTIFICATE: HU.FSTD.0020
A égiami-tipus vagy —valtozat: P
| A "ype or variant of aircraft:
B. \ repllésszimulacios oktatdeszkoz mindsitési szintje:
| & AT uiatasais e FTD Level 1
.2 thvaicoty dolumenu CS-FSTD A (initial ssue)

D. étvényrendszer
| D. /isual system:

RS! Raster XT 4 (collimated)

E. lozgatérendszer:

N
| £ totion System: =
F _als‘zemn hajtém/motor: IAE V2527-A5
|_F. ingine fit:
G laépitatt miszerek
(Bl EFIS (PFDIND)
H. Jeépitett ACAS (Iégitkozés-elkerild rendszer)
H. ACAS fit Achs)
1.  zélnyirasjelzo:
| I /indshear b
J. ‘ovabbi képességek: Nona:

| U ‘dditional capabilties

K <oriatozasok vagy megsoritasok
K. 3estrictions or imitations:

FSTD shall not be used for the training of manoeuvering by visual reference (such as route and airfield competence)

L. Utmutat6 az oktatdsi, 63
L. Suidance information for training, testing and checking considerations
[ ceni RVR 650 m_DH 200 ft Yes
crri RVR _m DH f No.
cerm RVR m DH # No
(le *kisebb minimum)
|_(lo vest minimum)
| LV0 RWR__m No
Neorakészség
|_Re sency Yo
;: sz szeninti repilés (IFR) oktatésalvizsgéztatss —
T s jogositas
| e i Yes partially
Jé assag ellendrzések
| i ficiency checks You partiony.
AL omatikus sikiépalya-elfogasos megkozelités Yes
|_A: 2coupled approach
AL omatikus leszélilés- és kiguruldsvezetd rendszer
Yo
| A1 slandioll vut guidance e
ALAS 11
ACAS U1 ST
n \orejelzo
Windshear warning system/predictive windshear ihesohle
WX-radar (idbjérasradar) Yes
WX-radar
HUDHUGS vetitott kijolz/ vetitott )
HUDHUGS NANA
FANS (fejlett navigacios rendszer) NA
FANS
GPWSEGPWS A
ETOPS (megnovelt két hatémives hatétévolsag) képesség Yes
ETOPS capability
GPS (mdholdas helyzotmeghatdrozé rendsizer
Yes
GPS
Egyeb
Other
A kibocsatas datuma: 2020. oktéber 28
Date issue: } '

\,r | osztalyvezetd

145, sz8mu EASA-nyormtatvany, 1. Kiacas
EASA Form 145 Issue 1

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:

PATH PROFILE

2020-11-06 0?55:10 Ig%ﬁ)ﬁfupﬁgfoﬁcu:ﬁ PROFILE

1007
HIGH

100T |
Low

GLIDESLOPE

Cadd 200T
LOV LEFT
/ LOCALIZER
3 ) A

=3

AIRSPEED
0

+20

+10

KTS VREF

5 4 1 o R 2
-10 NM

Figure 34. Simulation path and ILS approach profileg Budapestsimulator

The FlightX norcertified simulator in ClujNapoca
The technical details of the Flight Experience (FlightX) negertified simulator are:

1 SKALARKI ELECTRONICS A320 cockpit components and SKALARKIIO Profiler 5.1.3
(https:/lwww.skalarki -electronics.eu/)

1 Lockheed Martin Prepar3D v4.4 platform (https:/iwww.prepar3d.com/)

1 ProSimAR 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/)

1 210-degrees immersive field of view, ensured bthree projectors and Fly Eliseng Immersive
Display PRO v4.3.0 softwarehftps://fly.elise -ng.net/immersive-display-pro/)

1 simFDR is a software tool that connects to Prepar3D v4 to extract and save relevant flight
parameters. It does thighe same waya Digital Flight Data Recorder would receive and store
data from system sensors in a redircraft (simfdr.com).

The simulator can generate output data in the following formats
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Route [/Flight Data & Flight Plan & Navaid Markers
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Figure 35. Simulation path view- Cluj-Napoca simulator

FLIGHT WZZ123 FLOWN ON 06/18/2020 BY MYTESTACCOUNT10

06/18/2020 14:42

WZZ123 - K} Share

A320 Airbus A320

Eglin AFB (KVPS)

Eglin AFB (KVPS)

Robins AFB (KWRB)

Lockheed-Martin Prepar3D/64

0 Nautical Miles

0.1 hours

Download simFDR data into CSV | KML | JSON | XML
Build 21 [64-bit]

A320.air

Generic

06/18/2020 14:34

06/18/2020 14:34, 141,810 Ibs total, 10,978 Ibs fuel
06/18/2020 14:35, (1 minutes after start) Zoom to Takeoff
19 (Asphalt - 10,024 feet, takeoff run 4,777 feet)

164 knots, 86.1% N1, 141,658 Ibs total, 10,826 Ibs fuel
06/18/2020 14:41, (7 minutes after start) Zoom to Landing
01 (Asphalt - 10,024 feet, 613 feet from threshold)

116 knots, -457 feet/minute, 29.9% N4, 140,973 Ibs total, 10,141 Ibs fuel
06/18/2020 14:42, (7 minutes after start)

140,942 Ibs total, 10,110 Ibs fuel

00:06, block time 00:07

25.8 average frames/second

KVPS KVPS

Route & Flight Data EFlight Plan & Navaid Markers

Figure 36. Simulator data outputz Cluj-Napoca simulator

76



Gliding an Airbus A320; SimplicityComplexity Trade Off

-865113 0 0 0 [ 0
| -865113 101 194 3 3 0 352 772 0 -1 3 0 0 0
106/18/2020 14:34:5 304991 -865113 101 194 15 15 0 743 925 0 0 3 0 0 15 0 6667 10969 #ititt 42
06/18/2020 1: 304983 -865115 101 193 48 48 0 837 955 -1 2 3 0 0 15 0 9055 10942 998 233
06/18/2020 14: 304974 -865117 101 195 68 68 0 829 951 0 1 3 0 0 15 0 8649 10926 ##a# 48
06/18/2020 14: -865121 101 196 87 87 0 845 958 0 =3 3 0 0 15 0 8792 10910 ####  -142
06/18/2020 1: -865125 101 193 106 106 0 849 959 3 -2 3 0 0 15 0 8558 10891 ####f -203
06/18/2020 14:35:1 304927 -865129 101 194 124 123 1 855 961 0 2 3 0 0 15 0 8388 10877 998 241
06/18/2020 14:35:1 304906 -865134 101 194 140 140 0 861 964 0 2 3 0 0 15 0 8262 10858 ##H 195
06/18/2020 14:35:2 304883 -865140 102 194 156 155 27 859 963 0 39 3 0 0 15 0 8026 10838 989 3640
06/18/2020 14: 304864 -865145 103 194 165 165 29 861 964 ) 73 3 0 0 15 0 7944 10826 #### 7015
06/18/2020 14 304844 -865149 119 194 172 172 457 864 965 -2 94 3 0 0 15 0 7892 10813 ####t 7039
106/18/2020 14:35:2 304824 -865154 164 194 178 177 1173 866 966 -2 118 3 0 0 15 0 7854 10801 #### 7026
06/18/2020 14:35:3 304803 -865159 248 194 181 179 2060 866 965 -1 133 3 0 0 14 0 7790 10785 #### 5933
106/18/2020 14:35:3 304782 -865165 357 194 183 181 2545 868 966 5 130 3 0 0 14 0 7788 10775 987 4823
06/18/2020 14: -865170 471 194 185 183 2655 868 966 -1 128 3 0 0 14 0 7720 10762 971 4598
06/18/2020 1: -865175 587 194 187 186 2704 866 965 -1 127 3 0 0 14 0 7638 10746 973 4456
06/18/2020 14: -865180 706 194 190 189 2760 870 966 =2 125 3 0 0 13 0 7648 10733 974 4217
06/18/2020 1. -865185 825 194 193 192 2815 868 965 B 123 3 0 0 13 0 7556 10723 978 3995
06/18/2020 14:35:4 304673 -865191 944 194 195 194 2865 829 948 2 8 121 3 0 0 13 0 6770 10709 973 3774
06/18/2020 14: 304651 -865196 1065 194 195 195 2875 796 936 -1 121 3 0 [ 13 0 6100 10696 979 3806
06/18/2020 14: 304610 -865206 1286 194 194 195 2877 751 917 -1 121 3 0 0 12 0 5136 10678 974 3824
06/18/2020 14: -865215 1505 194 191 192 2812 757 919 = 122 3 0 0 12 0 5274 10661 981 4083
06/18/2020 1: -865224 1627 194 194 197 524 702 897 =1 13 3 0 0 12 0 4076 10647 739 1818
06/18/2020 14:36:0 304488 -865234 1584 192 201 204 -522 622 864 =153 32 = 0 0 12 0 2938 10635 #### 4278
06/18/2020 1: -865239 1574 183 202 206 67 536 830 -227 53 3 0 0 12 0 2038 10627 #### 4490
06/18/2020 14 -865236 1601 174 200 203 365 448 793  -227 53 3 0 0 12 0 1295 10620 ###t# 4013
06/18/2020 14 -865225 1627 166 195 198 332 335 728 -219 57 3 0 0 12 0 688 10616 #4503
06/18/2020 1. -865210 1657 162 188 192 407 278 654 -50 58 3 0 0 12 0 688 10612 #### 4644
06/18/2020 14:36:3 304283 -865193 1685 160 181 184 358 254 607 -36 64 3 0 0 11 0 688 10609 995 5376
Sheet1 SimFDR724 | [ «
Figure 37. Simulator data outputz Cluj-Napoca simulator
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Figure 38. Simulator data outputz Cluj-Napoca simulator
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Appendix3 ¢ Simulation:initial position, plotting the flight path, and
extracting thedata

Initial position

Theinitial position was clearly defined, starting with crew number 4. Thefirst three crews
were used to test the simulation process. They werpositioned at cruising altitude of FL350,
flying westbound over the AustreHungarian border, South of Bratislava. Budapestias more
than 80NM straight ahead, while Vienna and Bratislava will be withithe 40NM range.| found
that setting up this positionin the simulator was imprecise in both the Wizz Air and the FlightX
simulators, as none of the simulators showthe borders on the simulator mapand there was no
Latitude/Longitude position previously defined.

Trnava

Vienna Senec Levice
® 4 p

., @Bratislava
unajska
Streda Nove Zamky
eeeeeee
@ ~_Sopron > & fes) Lo - Szentendre
o]
Budapest
@ F

Erd o

Figure 39. Simulation 1 to 3 approximate initial position- map view

Starting with crew number 4, the simulations were done using an identical setugnd
standardized positioning method The positioning was donedy performing a take-off from VIE
RWY11, maintaining runway heading until reaching 40NM from VIE RWY29 ILS. The simulation
Al 1 OET OGAA ET OPIi OEOEIT #ZAOAAUAS O1 OE1 OEA AIEIA
starting position for the research,a more precise andmore straightforward setup. Theinitial
position changedoes not impact the research resultsas the first three simulations were used for
testing purposes and do not count towards the simulation research results.

= S RS s
L CELM501AS212 33, ANM"
| L A

Figure40.Crew 5 to12: initial position
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Simulation data from the Wizz Air certified simulator in Budapest

The Wizz Air simulator in Budapest generated aomplete flight path profile (plan view),
a zoomed flight path profile(plan view), and a short final ILS vertical profg. The path profiles
were imported into the Google Earth Pro online platform as an overlay picture. The accuracy of
the distance wasensured using the range circle printed on the simulatogenerated profiles
overlaid on a manually created range circle créad in Google EarthA more precise location was
determined by overlaying the simulator generated airport diagram on the Google Earth airport
diagram.

Google Earth

Figure4l1. Google Earth PRO manual reconstruction of path profilelBudapestsimulator

The distance information was retrieved from manually recreating theeroplanepath
over the overlad simulator-generated profiles in Google Earth.

The altitude, speed, and configuration information were inferred from the video
recordings and marally 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 CluiNapoca uses simFDRs a software tool that generates a
complex set of data, exportable into aixcel file as follows:

Dste/Time ~ | Latitude v | Longitude « | Altitude ~ | Heading ~ | Air Speed ~ | Ground Speed| + | Vertical Speed| + | N1+ | NZ ~ | Bank - | Pitch v | Flaps » | WindSpeed v | WindHd¢ ~ | Temperature + | Pressure v | FuelFlow + | Fuel v | G = | AOA | NAY + | HDC + | APR = | ALT v | AT v | FrameRate v | WARN ~ |
2 [11/20/202012453( 481227 165337 610 106 ) o 0 19 600 o 5 10 0 ) 13 o 3869 10382 1000 412 62
3 [11/20/202012:45:5¢ 481227 165337 610 106 3 5 0 766 835 o 2 10 0 o 13 © 16803 10976 1000 -249 57
4 [11/20/20012:45:5 481225 165342 610 111 25 25 0 839 897 1 2 10 0 ) 13 © 23367 10976 1000 -133 66
5 [11/20/202012:46:0] 481221 165355 610 111 50 51 0 920 910 o 2 10 0 [ 13 0 2475810975 1000 -179 65
6 [11/20/202012460: 481217 165368 610 m 67 68 0 925 915 o 2 10 0 [ 13 0 25758 10982 1000 -174 67
7 |13/20/2020 22:46:0¢ 481211 185385 610 111 84 85 0 s28 917 o -2 10 0 ° 13 © 25568 109751000 -171 52
8 [11/20/200012:46:11 481205 165406 610 111 101 102 0 o258 o918 o 2 10 ° ) 13 0 25776 10982 1000 -174 67
9 [11/20/200012:46:1¢ 481197 165431 610 111 118 118 0 928 919 o 2 10 0 [ 13 0 25998 10975 1000 _-181 43
10 11/20/20201246:1¢ 481188 165459 611 1 130 134 0 s28 920 o 3 10 0 [ 13 0 26238 10982 1002 -136 54
1111/20/2020 12:46:2¢ 481177 165491 612 111 150 150 24 928 921 o 4 10 0 [ 13 0 26110 10975 968 4088 61
12 |11/20/202012:46:2¢ 481168 165521 612 111 163 168 10 029 923 o s 10 ° ) 13 0 25402 10975 1008 5206 54
13 11/20/202012:46:¢ 481158 165548 618 111 174 174 183 920 923 o 4 10 0 [ 13 0 24840 10975 1000 4105 43
1411/20/202012:46:3. 481149 165577 619 1 185 185 o6 928 924 o 2 10 0 [ 3 0 24204 10982 942 2966 54
15 |11/20/2020 12:46:3¢ 481140 165607 621 111 195 195 235 927 924 1 51 10 0 [ 13 0 23626 10976 1138 3381 47
16 11/20/202012:46:3¢ 481129 165639 650 111 205 208 607 027 924 1 s B ° ) 13 o 23548 10082 930 2218 52
17|11/20/202012:46:3¢  481118] 165673 669 111 215 214 435 925 924 1 55 4 0 [ 13 0 23614 10976 843 2610 56
18 [11/20/20201246:4. 481107 165708 674 11 226 225 95 02 924 1 s 0 [ 3 0 23696 10983 758 2711 57
19 11/20/2020 12:46:6¢ 481096 165743 669 111 237 236 36 921 925 1 0 0 [ 13 0 23786 10976 934 3033 55
20 [11/20/202012:46:4¢ 481083 165782 668 111 288 247 11 e21 925 1 e ° ) 13 0 23878 10982 1470 5566 52
2111/20/2020 12:46:4¢ 481070 165822 768 111 250 250 2868 820 924 4 13 0 [ 13 © 23872 10976 1365 4534 43
22 [11/20/202012:465; 481057 165862 983 11 250 25 5308 019 924 o 103 0 [ 3 0 23718 10982 1499 4985 [
2311/20/202012:465¢ 481044 165901 1230 111 251 280 7225 920 924 1 197 0 [ 12 0 23468 10982 1003 2534 54

Figure42.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 detail€an thus be retrieved with a higler
degree of accuracy. The final simulation profiles present the data relevamd the intended
measurements

CREWS5 SIM1 -
OVERRUN VIE RWY 16 .‘. )

,2100AAL IAS211 VS_3129 1,52NM
00AAL IA8231 V/S-5501 0 SGNH

FL100 IAS200 13,5NM;©.

G DNTFEMANAS2:12 16NM 7

STOUCH: DOWN-IAS199

OVERRUN IAS128-°.

Cc
Google Earth 2 SREED

Figure43. Google Earth PRO final simulation profileboth simulators

Studying the flight profile required a definition of a reference profile and thiswas done
using the Airbus QRH and heuristic refrence profiles. Aspects like the altitude, distance to the
runway threshold, speed, altitude, and speed ahe threshold were noted. The performance of
the crew was tabulated for the first and third simulation.The sameparameterswere observed to
determine the variation around the reference profiles. The delta distance tothe threshold, speed
(per each relevant flight level) and speed and altitude ahe threshold were recorded. Finally, it
was noted whether or not the landing wasuccessful.
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Appendix4 ¢ Questionnaires calibrationand data extraction

China Lake Situational Awareness Rating Scale

SA Scale Value Content
VERY GOOD Full knowledge of a/c energy state/tactical environment/mission
1 Full ability to anticipate or accommodate trends

GOOD Full knowledge of a/c energy state/tactical environment/mission
2 Partial ability to anticipate or accommodate trends
No task shedding

ADEQUATE  Full knowledge of a/c energy state/tactical environment/mission

3 Saturated ability to anticipate or accommodate trends
Some shedding of minor tasks
POOR Fair knowledge of a/c energy state/tactical environment/mission
4 Saturated ability to anticipate or accommodate trends

Shedding of all minor tasks as well as many not essential to flight safety/mission
effectiveness
VERY POOR  Minimal knowledge of a/c energy state/tactical environment/mission
5 Oversaturated ability to anticipate or accommodate trends
Shedding of all tasks not absolutely essential to flight safety/mission effectiveness

Figure44. China Lake SituationaAwareness Rating Scale (Gawron, 2008, p.239)

The original form presented infigure 43 has been decomposed i 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 tickhe-box tabulated form, which the pilots
used  rate their SA perception at FL300, FL200, FL100 and 6000ft

Knowledge of a/c energy . .
i Ability to anticipate or accommodate i
state, environment, Shedding of tasks
. . trends
gliding distance
All
All tasks minor
tasks as
not 1 -
e . over partial/ absolutely wellas c.nme No task
minimal | partial full saturated ) full i many minor i
saturated fair essential shedding
i not tasks
to flight ;
it essential
to flight
safety
FL300 X X X
FL200 X X X
FL100 X X X
6000ft X X X

Figure45. SA rating form
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Bedford Workload Scale

Decision Tree Workload Description Rating
Workload insignificant W1
Workload Low WL 2

Enough Spare Capacity
For All Desirable WL 3
Additional Tasks

Insufficient Spare
Capacity for Easy
Yes Attention to

Additional Tasks

. . " Reduced Spare Capacity:
Vo VY . At e e . ¥
Was E':[]I’k]{)dd _‘mlurf‘u‘!.ur)- No Additional Tasks Cannor .
Without Reduction? Be Given the Desired WL 5
Amount of Attention

Little Spare Capacity:
Level of Effort Allows
Little Attention to
Additional Tasks

WLe

Very Little Spare Capacity,
But Maintenance of Effort WL7T
in the Primary Tasks Not ’

‘J:"‘*-\ In Question
Very High Workload With
Was Workload Tolerable No Almost No Spare Capacity. "
for the Task? Difficulty in Maintaining WL8
Level of Effort
Extremely High Workload.
Mo Spare Capacity. Serious .
Doubts as to ability to W3
Maintain Level of Effort
Was It Possible to Na Tasks Abandoned. Pilot B
Unable to Apply WL 10
Complete the Task? Sufficient Effort

(Roscoe, 1984, p. 12-8)

Figure 46. Bedford Workload Scale (Roscoe, 1984, pi2 as cited by Gawron, 2008, p.161)

This rating scale has been used without any text modification.
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CooperHarper Rating Scale

-

J

r Mental Effort is Minimal
red Performance is
Fasily Attainable

Very Easy

- Mental Effort is Low
sired Performance is
Artainable

Acceptable Operator Mental Effort
is Required to Altain Adequate
System Performance

Minor But Moderately High Operator Mental
Yes Annoying Effort is Required to Atta
[Hfficulty Adequate System Performance
Mental I | Work
Workload High Maderately High Operator Mental Effort is
Level arrd Should Be Objectionable Required to Attain Adequate
Acceptable Reduced Difficulty System Performance
E]

Very Maximum Operator Mental Effort

Objecticnable
EBut Tolerable
Difficulty

Required to Attain Adequate
tem Performance

Maximum Cperator Mental Effort

Major is Required t g Errors to
Difficulty Maoderate Le
e 5, . e
em Wai Maximum Operator Mental Effort
Major iz o > Or
i ¥ is Required bo Avoid Large or
Redesign Dificulty S k
is Strongly Numerous Errors
Recommended
Intense Operator Mental Effert is
Major Required to Accomplish Task,
Diifficuley But Frequent or Numerous

Errors Persist

Even
Though Errors
May E

Major

e Large or Deficiencies,

, Can Instrugted

Task Be Accomplished

Most of the

Time
?

Instructed Task Cannot Be
Accomplished Reliably

_ System Impaossible
Redesign is
Mandatory.

B BE0E BEE GO0

Figure47. Modified CooperHarper Rating Scale (Gawron, 2008, p.168)

This rating scale has been revorded for better understanding and presented as follows:
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Very Easy, Pilot Mental Effort is Minimal and
Highly Desired Performance is Easiliy
Desirable Attainable

Pilot Mental Effort is Low and Desired
Performance is Attainable

Easy, Desirable

A J

Acceptable Pilot Mental effort is
Required to Attain Adequate System
Performance

Fair, Mild
Difficulty

Minor But Moderately High Pilot Mental Effort is
Annoying Required to Attain Adequate System
Difficulty Performance

Mental Workload is Moderately

NO#»| Highand Should Be et [Objectionable |71E" Pilot Mental Effort is Required to
e Attain Adequate System Performance
reduced Difficulty

Is Mental Workload
Level Acceptable?

Very
Objectionable
But Tolerable
Difficulty

Maximum Pilot Mental Effort is
Required to Attain Adequate System
Performance

Maximum Pilot Mental Effort is
Major Difficulty |Required to Bring Errors to Moderate
Level

Major Deficiencies,

Are Errors Small and Procedure or Maximum Pilot Mental Effort is
Without nO P information Redesign is — Major Difficulty |Required to Avoid Large or Numerous
Consequences? Strongly Errors
Recommended

Intense Pilot Mental Effort is Required
YES Major Difficulty |to Accomplish the Task, Byut Frequent
or Numerous Errors Persist

Even if Errors May Be
Large or Frequent, Can
Instructed Task Be
Accomplished Most of
the Time?

Major Deficiencies,
Procedure or I Task B
NO ] c I s Impossible nstru:teAd as Calnnut e
Information Redesign is Accomplished Reliably
Mandatory

>

Figure 48. Reworded Modified CooperHarper Rating Sca (Gawron, 2008, p.168)

Crews number 1, 2, and Jave filled out the questionnaire rating scales on paper. Starting
with crew number 4, all the questionnaires have been moved online, using the
www.surveymonkey.comonline survey platform. The pilotswere able toaccess this platform on
their mobile phones after the first and third simulations. The results were exported iRDFformat
and then coded in a sgarate Excel file.

For the China Lake uational AwarenessRating Scaleaweighted Situational Awareness
(SA)average has been made for each relevant Flight Level (300, 200, 100,.60his showed the
mean Situational Awareness level as perceived by tleeew when considering the three criteria
being evaluated knowledge of a/c energy state/environment/gliding distance, ability to
anticipate or accommodate trendsand shedding of tasks. In the weighted average, the values
correspond to the original SA Sda Values and the weights are the number of occurrences for
each value. (i.e., for an SA of 1 at A/IC 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).
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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

3AATAg A AAT OA T &£ ¢ T AU ET AEAAOQAOIAI E@ 1Bl OBOTAIT

for example.

Next, CM 2must be taken into consideration as well, and so the same rationale will be
applied to him, thus resultingin a delta SA for CM2 between SIM 1 and SIM 2.

In order to determine the improvement of the crew as avhole in the matter of SA, an
averageper simulation has been made between the crew members (i,& CML1 rates his SA at 3
and CM2 rates his SA at 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 crewbasis, a delta must be made between the two sets of SA'kerefore, the
result is acrew delta SA for every relevant flight level results. As before, a positive delta indiea
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 simulatiorA delta between the perceived
workload level per crew member between simulations was madand compared to observe any
judgment heuristics impact. A positive value suggestsimprovement, while a negative value
indicates otherwise. Then, to indicate a general crew improvement in workloathanagement
abilities, an averagevas madebetween the values obtained for CM1 and those obtained for CM2.

Similarly, studying crew decisionmaking abilities required using a modified Cooper
Harper Rating Scale. A delta between the perceived decisiamaking ability level per crew
member between simulations was made. Therto indicate a general crew improvement in
decision-making, an averagewas madebetween the valuesobtained for CM1 and those obtained
for CM2.
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Appendix 5¢ Smulation profilesdata & questionnairesresults

pLS

CFLL250 276KTE
FL200 255KJ763.07NM .
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Google Earth

Figure50. Crew 4 simulation 1 plan view(zoomed)
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Figure51. Crew 4 simulation 3 plan view

Figure52. Crew 4 simulation 3 plan view (zoomed)
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