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Abstract

In work package 4.2 of th®afeTEAMproject, a Stabilized Approach Digital Assistamthich

was conceptualizeth Deliverable 3.2 of SafeTEANS, integrated into the research simulator

at TUM.In simulation exercises with several airline pildtee HumanMachine Collaboration

of the DigitalAssistant is tested. To design the simulator exercise, this deliverable applies the
performance monitoring framework of WP2 with predefined performance metrics to assess

the impact the digital assistant has on its end uséfsr this, scenarios will be defined that

measure human performance and the digital assistant's influence on safety and resilience.
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around compliance, while also providing eviderdgased hits on further improvement
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1 Executive Summary

The SafeTeam projectlaborateshuman factors related to Al integration through several
practical use cases, in which we aim to progress the safe introduction of automation in the
form of intelligent assistance to humans.

Thisdeliverabledescribesthe planning, conduction and evaluation of a simulator case study
for one of these use case$ SafeTEAMthe Stabilized Approach Digital Assista(8ADA) It
continues the work fronDeliverable 3.21] of SafeTEAM which describeshe design and
concept of the Stabilized Approach Digital Assistaftased onan Unstable Approach
Prediction Mode[2], which in turn is an artifact ¢fie SafeClouds.e{B] project.

The first part of this deliverablehe ExperimentalPlan, describeghe implementation of the
SADAconceptinto a research simulator ahe4 AAET EAAI 51 EOAOOEOU 1T &
Flight System DynamicsThereby, SafeTEAM raisethe TRLof the SADAfrom 4 to § by
integrating the Unstable Approach Prediction Model as@nstituent in the SADA and
demonstratingthe SADAIn a relevant environmenfThe description of the implementation
comprises a summary diinstable Approach Prediction Model, thegh-levellayout of the
simulator, including a description of thaircraft model, the relevant cockpit human machine
interfacesas well as the interfaces between these components.

Based onSADA O E | Bl A ith& bExpehir@ehthl iplancontains the posed research
questions These questionaim at the potential safety benefits of the SADApecifically the
go-around complianceof pilots during unstable approachess well asthe potential to
prevent avoidableunstable approacheswhichin turn ould increase theresilience of the
aviation system especially the landing phase

To collectthe relevant information with respect tothe research questionposed the
Experimental Plan defines a setof test scenarios as well as the metrics to evaluate the
simulator exercises.The experimental plans a combined effort of the SafeTEAM work
packages 2 and.4On the onehand, the experimental planapplies3 A /A 4 %humad O
performance monitoringframework developedin work package 2to the use case of the
SADA On the other handthe gathered experiencesvere fed back to the framework
development on a continuousasis

The secondpart of this deliverable containthe Experiment Evaluation Work on the data
collection and evaluation startednly after the experimental plan wasompiled.

Based on the collectedualitative and quantitativedata, the evaluationsubstantiatesthe
potential benefits of the SADA concept for aviation safety, especiaily respect togo-
aroundcomplianceof pilots in unstable approach situationSurthermore, it shows that the
chosen Human Machine InterfacingdMI) concept is overallvell-receivedby pilots, with
minor modificationsrequestedby a few participants.

Thesimulation exercisehowever, alsoshowed that theSADA in its currently implemented
form, does notfully meet the objective of preventingavoidablego-arounds inthe case of
high-speed approachesNevertheless the exerciseprovides an evidencebased path on
necessary modifications and future waqrlespecially regarding the Unstable Approach
Prediction Mode| to achieve the not yetompletelyfulfilled objective.
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2 Introduction

Unstable approaches are one important precursordocidents related to the approach and
landing phase. According to thédight Safety Foundation, seven fatal accidents of
commercial aircraft between 2009 an2Z013claimed 191 livegs the aircraft ran off the
runway following an unstabilized approa¢.

The Flight Safety Foundation Approa@nd-Landing Accident Reductiotaskforce found
that unstabilized approaches were a causal factor i%666f 76 approactandlanding
accidents and serious incidents worldwide in 198¢ugh 1997. The task fordeund that
some lowenergy approaches caused loss of aircraft conéadl involvement in controlled
flight into terrain. High-energy approaches caused aircraft loss of conti@b, resultingin
runway overruns and runwayexcursions, and contributed to inadequate situational
awareness. The causal factor in%45f the 76 approactand-landing accidents and serious
incidentswasO E A Ar@blity & ©ontrol flight parameters such as the airspeed, altitude,
and rate of descent. Aeseflight-handling difficulties originated from rushing approaches,
attempts to adhere todemanding ATC clearances, adverse wegahditions and improper
use of automatior{5].

This deliverable describes tr@mulator testing of aStabilized Approach Digital Assistant
(SADA) Theconcept for this digital assistant was developed in DeliveralfeoB8SafeTEAM
[1], based on a usedriven approachThe core idea of the concept is to provide pilaish an
indication before reaching the stabilization gate, if their approach is proneébézoming
unstable and by this increase aviation safety with respedi® stated approach and landing
accidents This deliverables a continuation of the work started in Deliveral8.2 and while

it provides a summary of the SAD#®dncept necessary to follow this documeiitdoes not
describe theconceptat the level of detailbut focuses on the testing of the concept in a
simulator environmentTheremainder of thisdlocument is structured as follows.

This rest of thisection provides more information on unstable approacheajnly howthey
are defined in the industry and for this project.
The first partof this deliverable, following this introductions anExperimentalPlan, which
describes:
1 the Stabilized Approach Digital Assistant (SADA) as currently implemented in the
research simulator, in sectids)
1 the research questions this deliverable poses, in section
1 as well as the methodology to gather the informatioeededto evaluate the posed
research questions, sectidn
The ExperimentalPlan was finalized beforeonductingthe experiments. The second part is
the Experiment Evaluation, which covers:
1 The results of the experiments, in sectién
1 The discussion of the results, necessary modifications to the SADA and potential next
steps in sectior.

2.1 Unstable Approach Definitions

The InternationalCivil Aviation Organization (CAQ states a recommendation for operators
to define stabilized approach proceduresAnnex 6 Part {2.1.25)6]. ICAO does not specify

Page 110



stabilized approach proceduseitself, but requests operators to define therm their
operations manual Therefore, stabilized approach procedures between operators might
differ slightly. In the following, we provide an overview of different stabilized approach
definitions by various stakeholders and finally defthe definition of an unstable approach
for this exercise. This wayve can ensure that all pilots taking part in this exercise, even
though they work for different operators, hava common defirion for the simulation
exercises.

2.1.1 Flight Safety Foundation

In its Approach and Landing Accident Reduction briefing note[3].lthe Flight Safety
Foundation recommended minimum stabilization heights at 10fi0above aerodrome
elevation in instrument meteorological conditions and 500 ft above aerodrome elevation in
visual meteorological conditionsAn approach is considered stabilized when these
parameters are met:

1) The aircraft is on the correct flight path according to navigation aidgsrally.
2) Only minor changes in heading/pitch are required to maintain the correct flight.path
3) The aircraft speed is not more thahe reference speedMRER + 20 knots indicated
airspeed (IAS) and not less than VREF
4) The aircraft is in the correct landirpnfiguration.
5) The rate of descent is no greater than 1000 feet per minute; if an approach requires a sink
rate greater than 1000 feet per minute, a special briefing should be conducted before
6) The power setting is appropriate for the aircraft configuration and is not below the
minimum power for approach as defined by the aircraft operatmgnual.
7) All briefings and checklists are conducted
8) Specific types of approaches are stabilized if they also fulfill the following:
a) Instrument landing system (ILS) approaches must be flown within one dot of the glide
slope andocalizer.
b) A category Il or category Il approach must be flown within the expanded localizer
band.
c) During a circling approach, wings should be level on final when the aircraft reaches
300 feet above airport elevation
9) Unique approach procedures or abnormal conditions requiring a deviation from the above
elements of a stabilized approach require a special briefing.
'T ADPPOT AAE OEAO AT AOT 80 |1 AAGmeitibndd ciitedia is T OA A
considered unstablebelow 1000 feet above airport elevation in IMC or below 500 feet above
airport elevation in VMGand requires an immediate garound [1].

2.1.2 International Air Transport Association

The International Air Transport Association endorses the criteria for a stable approach
established by the Flight Safety Foundatigkpproach and Landing Accident Reduction
briefing note 7.1. Therefore, an approach is assumed to be unstable if not all these parameters
are met at the stabilization gate, which is at 1000 ft above airfield elevation in instrument
meteorological conditions or at 500 fhbove airfield elevationn visual meteorological
conditions.

Inthe Threat & Error Management terminology, an unstable approach isratesiredaircraft

state, which the flight crew can recover to prevent an unrecoverable outcome (accident). A
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perceived unstable approach can be managed using established recovery techniques to
prevent accidents. Eventually, the pilot must execute aagound if the aircraft is unstable

with respect to the stabilized approach criteria mentioned above. If carrigdoooperly, the
go-aroundmaneuveris considered the safest course of action. Not going around, however,
has been identified as a contributing factor in approach and landing accidiépts

2.1.3 European Aviation Safety Agency and Data4Safety

For operators, the European Union Commission Regulation (EU) No. 965/2Pa@dvides
guidelines for flight data monitoring (FDM) pilot training and recurrent assessment.
However, no thresholds, gates, or parameters are specified. As the H¥efadSafety
Programme evolves, more specific parameters are defined to guide flight aasdysts to
identify unstable approaches. The initiative aims for a complete characterization of the logic
for the detection of unstable approach events, present the different criteria and thresholds
that the identification of instabilities encompasses tuide industry practitioners on its
implementation, and convey a set of assumptions, considerations, and lessons learned,
arising out of the work performed during the definition of unstable approach detection
algorithm, aiming to assist industry practiti@ns when conducting safety analysis in this area
[9], which is summarized in the remainder of this subsection

Data4Safety defines an unstable approach from the perspective of the flight data analysis as
OAT U APDPOI AAE xEOE OEA T ETEI O60i OANOEOAA EIT OO
Commonly, instability conditions to be analyzed include:

Approach speed above/below the desired reference speed

Vertical speed too high

Aircraft misconfiguration (landing gear or flaps)

Engine thrust level

Approach path deviations

= =4 8 —a -9

This leads tanstability criteria within the approach window (<1000 ft):
Fast descent

Low thrust

High/Low airspeed

TAWS alert

Late flap or gear extension

Unstable attitude (pitch/roll)

High/low glide slope and localizer deviation

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

Each criterionsevaluated in different height ranges and thresholds to assign a severity level.
A distinction is made betweerthe two ranges above/below 500 feet. An approach is
considered unstable if a minimum number of criteria are met. Above 500 feet, three criteria
must be met, while below this threshold, only one instability condition triggers the
classification as an unstablg@proach
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2.1.4 SafeTEAM Simulation Exercise Definition

To take into account the variations in the definitions for unstable approaches, the basic
parameters of the Flight Safety Foundation for airlioperationsare used in the simulator
exercises within SafeTeam.

These parameters include

T

1
1
1

= =4 —a

T

~

minimum stabilization height 1000 &ibove airfield elevation.

The aircraft is on the correct flight path according to navigation aidésral.

Only minor changes in heading/pitch are required to maintain the correct fglt.
The aircraft speed is not more than VREEJKknots indicated airspeed (IAS) and not
less than VRE kts.

The aircraft is in the correct landirggnfiguration.

The rate of descent is no greater than 1000 feetiperute.

The power setting is appropriate for the aircraft configuration and is not below the
minimum power for approach as defined by the aircraft operating manual

All briefings and checklists are conducted.

APDPOT AAE OEAO AT AOT 60 i AA Omeitibndd ciitedia i$ T OA

considered unstable and requires an immediateayound.
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3 Solution to be Evaluated

This section of the Experimental Plan summarizes the Digital assistant under investigation. It
first describes the underlying machine learning model and the Primary Flight Di¢pED)
modifications to visualize the prediction results to pilots.

3.1 Simulator

The research simulatoused for this study ia self-built and flexible simulator thatbuilds
around a generic cockpit design, which is oriented onA®20 cockpit.The aircraft model
which is simulated is kigh-fidelity model of a Dornier 728 jet, a tvemgineturbo jet aircraft
that was developed by Dornier Fairchilfince the simulator is entirely custdonilt, it allows

for easyadaptationof the PFDsand also easy implementation ef machine learning model,
since the software for the displays and the flight dynamics model is develapéduse
Figurelillustrates the aircraft, rendered by the visualization software used in the simulator.

Figure 1: Rendering of the Da728 Jet in the simulator visualization

The following subsections describe the implementation of t’&ADA as outlined in
Deliverable 3.2 of SafeTEAM, in more detail.

3.2 Implementation of the Stabilized Approach Digital Assistant

Figure 2 illustrates the implementation of theSADAIn the Research Simulator, with all
relevant simulator modules. Each grey box indicates a computer, whereas the blue boxes
illustrate the simulator modules (software). The Flight Dynamics Model, Flight Controls,
PFDs and Instructor Station are existing parts of the research simulator. The Unstable
Approach Prediction Model, the Redime Feature Computation, as well as the Radar
Screen, which is also used to log additional aircraft parameters for subsequent data
evalations, were implemented on top of the existing simulator environment. The PFDs were
modified, as defined in sectioB.2.4 to visualize the results of the Unstable Approach
Prediction Model All computers communicate ovehe User Datagram Protocah a closed
network.
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Figure2: Scheme of the PCs in the Simulator Environment
The following subsections describe the relevant parts of the implementation in more detail.

3.2.1 Flight Dynamics Model

The flight dynamics model of the simulator is implemented in Simulink, based on a Dornier
Do-728 jet. The model is structured in several subsystems, covering

Actuators,

Aerodynamics,

Engines,

Environment,

Landing Gear,

Weight and Balance, and

Sensors.

= =4 —8 8 8 9 9
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Vehicle
Weight_Balance
do728JET_Sensors
Sim_Control
4 do728JET_Plant
p Sim_Control
Vehicle 4
p{stores_cmd. - -
Vehicle. . sors_Out
- J Sensors_Out
> ;_In
» Ei In
Weight_Balance Weight_Bal.
»|Gear_In
Plant Sensors

Figure 3: Simulink High-Level Model of Da728 Plant andSensors

The implementation in Simulink, illustrated Wyigure3, allows modifications and extensions

to the existing simulation model. For this study, this is particularly important as it allows a
simple implementation of the realime feature computation model on top of the sensor
model, illustrated in Figure 4. This module connects the machine learning model,
summarized in subsectiod.2.] to the simulator.

POS_lambda_WGS84_rad
POS_lambda_R_WGS84_rad> 7| oooa- - P Sensors
<POS_mu_R_WGS84_rad> PUSSTUAWGSES frad -
RWY_dist_m . n p RWY_dist_m
POS_h_WGS84_m <HRWY_dist_m:
<POS_h_R_WGS84_m> > POS_h_! -
Psi_rad —p Weight_Balance
<Psi_rad> = =
ILS_Sensor
h_AGL
’a <alt_radar_m> | . m

Feature Mapping

Figure4: Simulink High-level Model of RealTime Feature Mapping

3.2.2 Unstable ApproachPrediction Model

The core of this digital assistant is a supervised, binary classification, malg@n@ng model

that predicts unstable approaches, described in detail in [PB-2Section 1.2 and if2].

In the following, only the relevant information for this deliveralidesummarized. The focus

of the summanyisthe prediction accuracies (recall, precision, and AUC) and the features that
need to be provided to the model for a prediction.

From the initial testing of the model, based on a training/testing data split, the model
achieved the accuraciesummarized ifTablel. The precision for a prediction of an unstable
approach is 0.85 with a recall of 0.53, which means that if an unstable approach is predicted,
the prediction is correct in 85% of the cases but only 53% of unstable approaches are
predicted as such.
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Table 1: Prediction Accuraciesrom the model testing

Not UA 0.97 1.00 0.53 0.98
UA 0.85 0.53 0.99 0.65
Avg / Total 0.97 0.97 0.56 0.9
AUC (ROC) 0.96

AUC (PR) 0.77

Table?2 lists the features the model takes as input to predict the stability of the approach.
Seven feature groups separate the features, providing some reasoning behind the definition
of the features. These are relevant as the simulator model must be enhancaud inyerface

to providethis information for the implementation of the prediction model in the simulator.

Table 2: Overview of the features of the prediction model

handling quality  pitch_rad_var, roll_rad_var, heading_rad_var, aoa_rad var, p_radDs_var,
g_radDs _var, r_radDs_var

aircraft energy airspeed_mDs, energy_level, gndspeed_mDs, hbaro_m, hdot_mDs, mass_Kkg,
rheight_m

adverse weather pstatic NDm2, wind_dir_rad, wind_spd_mDs, wind_dir_rad_var, wind_spd_mDs "
METAR (static)

configuration flaps_rad

crew pilot_flying (includes autopilot status)
coordination

pilot awareness  distance_m, flight_time_s, utc_time_s, number_of_holdings

To implement the prediction model, these features need to be computed intreed, based

on the aircraft model of the simulator. This model and the rale feature computation is
covered in the next subsection.

From the initial testing of the model, based on a training/testing data split, the model
achieved the following accuracy.

3.2.3 Further Analysis of the Unstable Approach Prediction Model

The Unstable Approach Prediction Model was trained reatworld Flight Data Monitoring
data of Airbus A320 family aircraft. Thigght dynamics model of the research simulator is a
Dornier Da728 aircraft that is similar to the A320 family in the sense thistalso a tweet
engine aircraft. However, the Dornier B&28is shorter and lighter than the A3Zamily.
Thus, to ensure compatibility of the simulator and the Unstable Approach Prediction Model,
we performedsome further analysiduring the integation phase.

3.2.3.1 Simulation-BasedAnalysis

During the integration phasef the Unstable Approach Prediction Model in the simulator, we
performeda simulationbasedapproach to check the compatiglOU 1T £ OEA OEIi Ol A
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dynamics model with the Unstable Approach Prediction Modéiis testusesFlight Data
Monitoring datafrom an airline that did not contribute to the training data set of the Unstable
Approach Prediction Modellhe autopilot control algorithns for the simulator aircrafivere
modified to followthe trajectories from88 unstable approaches founth the Flight Data
Monitoring data With this approach, we ensured that the approaches r@a&listic but also
respectOEA AUT AT EAO 1T £ OEA nvéel RipurdsiisttatethedesuisC EO A L
of this modetbased integration test.The xaxis illustrates the reason the Flight Data
Monitoring Analysis labelled an approach as unstablée blue bar shows theumber of
flights per categorythat are notpredicted by the Unstable Approach Prediction Mod€éhe

red bar shows the number of approaches per category that are predicted as unstable
approaches[10]

a0l I Unpredicted | |
h B Predicted
I | [ [

\,\j’ é\C}Q {,\ﬁ‘? (@ ‘P* e@®  e?

(%)
o

Number of flights
M
o

—a
o

Stabilization Criteria
Figure5: Results of an intermediate integration test of the Unstable ApproactPrediction Model with the
research simulator's flight dynamics model The figure showsthe ratio of predicted and unpredicted
unstable approaches in flight data of an airlinghat is re-simulated with the flight dynamics model of the
simulator. [10]

Based on this analysigie see that the Unstable Approadbrediction Model, fed with data

CAT AOAOAA AU OEA OEI Ol, dabdredié (nstale BppreadhesA The AT E A (
recallis lowerthanthat tested inthe UnstableApproachPrediction- T A AdstdsGmmarized

in Tablel. It is difficult to judge if this drop in recall stems from the change in airline, airport

or the flight dynamics model itself, buthe test nevertheless shows that the model is
compatible to the simulatom the sense that it still predic81l as unstableapproaches

3.2.3.2 Data Driven Analysis

Additionally, we peformed adata-driven test, based on recorded data from the simulator,
flown by pilots.Modelling of the landing comes frortwo sources Firstly, the existing ML
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model [2], trained on data gathered and processeatliring SafeClouds.e[B]. Secondly, the
datafrom ten landingsflown in the simulator Thereon, we ustaditional statisticalmethods

to identify causeof unstablelandingsand their causes usirgp-calledD OE ATAAOWE T C6 8
use the term shallow tindicate learning from data wittransparentmodels, eg., Principal
Component Analysis and time series with (some) dorrspecificknowledge.

To differentiate the work in this section from the rest of tbeliverable we use an entirely
data-driven approach. From the data received, there are 29 parametérse task is to
identify which are the most relevant when detecting an unstable landiigure6 showsthe
landing data from an agnostic data perspective, and how the parameters are correlated. For
each parameter, their correlation is indicated by a value in the rangeldf,[1.0] wherg1.0
indicates strongly negatively correlatis@s one increaseshe other decreases), whereas 1.0
means that as one value increasss,does the other.
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Figure6: Correlation of the parameters from one approach flown in the simulator.
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Figure 7: Parameter relationships from all approachegonsidered in this test

Looking at all landings graphicallfrigure 7 showsthe relationshp of sevenparameters

visually One point of this datadriven, agnostic approach to data analysis is to identify which
parameter mayor may not beneeded.Figure8 shows which parameters have the largest
OAOEAOQEIT xEOE OAOPAAO O1 OEA bPI AT AOGE AT AOcC!
this work package, we do not produce a full set of ddtaven results and the background

thereon. Ratherthis topic will be discussed in a future paper.
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Figure 8: Example of the correlations between energy and the other parameters

3.2.3.3 Recalibration of the Prediction Threshold

Based orintermediate integration testresultsobtained during the mplementation period,
andsubsequentestsof the SADA in the simulatarith a pilotworking on the use case tegm
we modified two parameters of théJnstable Approach Prediction Model, as described in
section3.2.2 First, we added an offset of #8s to the airspeed signab take into account
the difference in approach speed between the Airbus A3&Em which the training data for
the Unstable Approach Prediction Model originates and the Dorniet 2fch is the aircraft
modelled in the research simulator and has a lower approach sgeecbndlyto counteract
the lowered recall valudound in section3.2.3.1 the threshold below which the model
outcome isconsidered as a prediction for an unstable approecéet to 0.95

3.2.4 Cockpit

TheEl BT OOAT O DA OO cotkgs, @ BhidstudyEié tBd cAnipletdly raodifiable
PFDFigure9EO A DPEI O1 COAPE T £ OEA DEPORBDE O 0&$h 7
casetransparent witha green overlay to guide a 3D approach (which is not needed for this

project but illustrates the design flexibilily Additionally, the Mode Control Panel for

controlling autopilot modes, thrust leverandgear handlecan be seen.
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Figure 9: Photo of the simulator's cockpit

Based on the dsign discussions and feedback from us@rkshops, performedvithin the
OAT PA 1T £ 3 AEA4 %! [1],8@ medAidatois oOideAPFIA for h8ADA are
oriented along the designommon to othercaution,advisory, and warning messages like the
smart runway and smart landing system.

To indicate that the prediction model, described in subsect®A.] predicts an unstable
approach, the PFD shows a yellow STABILIZE message, as shéiguia10. Thetext can
be triggered byUser Datagram Protocosignal from the prediction model to the PFD
software.
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Figure 10: Adding the Stabilize Caution Message to the PFDin Scade, the Software used tdmplement
the Primary Flight Displays of the Research Simulator

3.2.5 Radar Screen

For this study, weexpanded the simulator with eadar screen simulatianThe radar screen
enables the simulation controller to provide repeatable Air Traffic Cor{#k@IC)instructions

to pilots.
Figurellillustrates the radar screesimulation used for SafeTEAM. The white squiararker
ET AEAAOAO OEA biI OEOEITT 1T &£ OEA AEa6mddwaih OEA

text shows the altitude and airspeethe thick white linest the intersection of two cones
indicate the runways at Munich Airport. The thinner dashed lines indicate the extended
runway center lines, where each dash has a length of one nautical mile. The dotted line
indicates the tower control zone dflunich Airport The cones are added to the radar screen
for the operator'sorientation for specificATCrequests during the simulation exercises.
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Figure11l: SafeTEAM Radascreenvisualization as used for the simulation exercises. The radar simulation
visualizes the aircraft position, altitude, and speed to the simulation operator in reatime. Additionally,
for orientation of the operator, the cones provide visual clues whemnequesting Air Traffic Control
instructions to the pilots during the simulation to ensure comparability of the scenarios between varying
pilots. Basemap attribution: "Esri, TomTom, Garmin, Foursquare, GeoTechnologies, Inc, METI/NASA,
USGS"
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4 Research Question Definitions

The overall objective othe SADAIs twofold. First, the assistant aims to help mitigate
preventable unstable approachedVe define apreventable unstable approach as an
approachthat, without intervention, would violate stabilization criteria after passing the
stabilization gate, but where timely pilot action (prompted by SADA) could prevent
instability. Second, for approaches that are unavoidably unstable, the assistant islgddn
support gearound decision compliance by timely prediction at 4NM fran the runway
threshold, followed by aclearindication oncestabilizationcriteria areviolated.

Both objectives are centered on improving pilot situation awareness (SA) and decision
making during approach phases that are often ambiguous until the stabilization gate or just
before. The design rationale and operational concept of the SADA system armatized in
Section3and detailed in Deliverable D3[2].

Given the earlystage maturity of the SADA implementation and the constraints of this
simulation-based study, it was not feasible to design a lasgpale test campaign to directly
evaluate these two highlevel objectives. Specifically:
1 A sufficiently large number of pilots and approaches would be required to generate
statistically robust comparisons between assisted and unassisted conditions.
1 The current implementation of SADA reflects a reseasthge prototype consistent
with the D3.2 specification. Further iterations and refinement are needed before
large-scale validation is practical.

As such, we decomposed the overarching aims into more focused, testable research

whether the SADA system:
1 Enhances pilot situation awareness of factors relevant to approach stability,
1 Avoids increasing mental workload, and
9 Istrusted and perceived as usable by its end users.

These research questions are addressed using both qualitative and quantitative data. While
the small sample size limits the statistical power of quantitative comparisons, we nonetheless
analyze these data to provide tentative support and nuance for fingliingm the analysis of
post-session interview feedback.

The following tablesummarizes theesearch questiondjypotheses, as well as threethods
used to testhem.
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Table 3: Research Questions and Hypotheses Overview

1 What is the relationship between HO: no correlation Postscenario questionnaire:
pilots’ perception of approach stability {1: positive correlationg ~ Stability selfassessment
and theShADAE) §Ipe;cept|on of H2:negative (Section5.4.3.)
approach stability* correlation SADA Stabl'lty assessment

(Section5.4.9)

2 How does theSADAaffectD E1 1 O ¢ HO: no correlation Postscenario questionnaire:
situational awareness during final H1: positive correlation SA3 rating (Sectiob.4.3.)
approach(10 NM todecision height)? H2: negative Postsession interview: SA

correlation themes

3 (T x AT AO OEA 3! $!|HO: no correlation Postscenario questionnaire:
mental workload during final approac| 1. positive correlation NASATLX (Sectiorb.4.3.)
(10 NM to decision height)? H2: negative Postsession interview:

correlation workload themes

4 What is the effect of the SADA on go| Explorative Postsession interview:
around compliancefas addressed in decisionmakingthemes
) Simulator flight data

(Section5.4.])
SADA assessments (Sectior|
5.4.]

5 What is the perceived usability of the| Explorative Postsession questionnaire:

SADA systerfd System Usability Scale (SUS
(Section5.4.3.9
Postsession interview:
usability themes
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5 Methodology

This section summarizes the design of the experiment. The exercise of this use case is defined
for a number ofive participants The relatively low number of participants needs to be taken
into account for theevaluation strategy generally and specifically when selecting metrics.
Also, the selected metrics must be considered in conjunction with the simulation scenarios,
as both must fit together. Therefore, the experiment design process is an iterative team
effort, performed by the Human Factors experts responsible for SafeTEAM Task 2 together
with the Use Case Experts responsible for SafeTEAM Tasks 3 Rasudts inDeliverable 2.2

are buit, in part, on the learningsf@pplying the SafeTEAM framework to thise caseThe
methodology description that follows in this deliverablas the result of applying the
SafeTEAM frameworko the SADA use case

The following section outlinethe overall methodology of the planned simulator exercise,
considering the evaluation strategy, metric selectiquipt preparation material and consent
forms, and thedefinition of the simulation scenarios.

Figure 12 illustrates the idea of designing the experiment. The upper row illustrates
independent variables which can be manipulated by researchers to configure experiment
conditions. A specific combination of these independent variables (epgproach procedure,
visibility, wind, orATCcommands) defines a simulation scenario. The scenarios defined for
this experiment are specified in detail in subsecti&al Through manipulations of
independent variables across conditionswe expect changes idependent variableslike

the usability of the assistant, situational awareness of pilots, or stability of the approaches.
The dependent variables, the metrics to measure, and ways to obtain the metrics are defined
in subsectiorb.3 To collect the data of dependent variables during and after an experiment,
we use three methods:

1. Questionnaires

2. Semistructured interviews and
3. Data recording in the simulator

Page 28



Independent Variables: @ @ @

= maA

X0
OX

Figure 12 Schematic of the Simulation Exercise

Dependent Variables:

The goal in designing the experiment is to select independent variables in suchthav#ye
observeddependert variablesprovide theinformation to make statements on the research
questions. In iterative sessions, the SafeTEAM WP2 and WjPdups developed the
simulation scenarios, as defined in sectiérl, in parallel with thedata collectionplan,
described in subsectio®.3 These sessions focused on selecting independent variables,
which define the simulation scenaripand discussing the dependerariables and how to
measure these during and after the simulation exercise.

5.1 Pilot Information Leaflet

As preparation for the pilots, we provide a pilot information leatleat we provided tothe

PEI T OO0 AALEI OA OEA AgGPAOEI A1 08 4EA 1 AAEI AOD
as well as a description of the simulator, basic aircraft parameters including pitch and power
settings, and expected weather information during the simulatsmenariosFurthermore it
contains the relevant approach charts for the simulation exercise.

Beyond preparing for the simulation exercise, the leaflet also describes the data we aim to
record during the simulation exercise and how we intend to use it.

Based thereon, the leaflet contains a consent form which the participants will need to sign,
explainingthat they agree with the outlined usage of the recorded data.

The complete leaflet can be found Appendix B

5.2 Simulation Scenarios

The challenge in designing a simulation scenario for the unstable approach use case is to
create a realistic scenario for pilots in which they are uncertain about the stability of the
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approach until the stabilization gate is reached. If the scenario is too simple, pilots will likely
fly a stable approach without needing any decision support tools. On the other hfatiok
scenariois too demanding, pilots might perceive it as unrealistic and not relevantdak
world operations.Furthermore,if the scenario creates a situation that necessarily leads to an
unstable approach, pilots will have no need for a decision support tool, anticipating the
instability long before, and might not @n fly until the stabilization gate.
The idea is to design scenarios in which the parameters for workload in the cockpit and the
complexity of the approach can be modified progressively. We define the following three
independent variablesto modify the complexity of the approach and, as a result, the
workload in the cockpit:

1 Wind conditions

1 ATC Speed Constraints

1 ATC Glide Slope Intercept
In all scenarios, pilots will perform approaches on either runway 0O8L or 08R in Manath
for each difficulty level of an approaan one runway, we define a similar scenario for the
other runway as well.
To have baseline scenarios to compare results against, we defiieeence and solution
scenarios for the simulator trialRReferencescenarios are scenariagithout the developed
Stabilized ApproaciDigital Assistant(SADA). Conversely solution scenariosare with the
developed Stabilized Approachssistant(SADA). For each solution scenario, we perform a
comparable reference scenario with similar initial conditions and parameters.
Table 4 provides an overview of the six scenarios for the simulation exercise, providing a
scenario ID, a short name of the scenario, and the link to the detailed definition of the
scenario in the subsequent subsections. The detailed scenario descriptions ctivd@amtial
state of the aircraft, theATCcommands issued to the pilot, and the wind profile.

Table4: Scenario Overview

1 Standard Intercept 08L Subsectiorns.2.1
2 Standard Intercept 08R Subsectiornbs.2.2
3. Base Intercept 08L Subsectiorns.2.3
4 Base Intercept 08R Subsectiorb.2.4
5 Short Intercept 08L Subsectiorns.2.5
6 Short Intercept 08R Subsectiorb.2.6

Therelevant chartsfor the scenario are available at D#SP:

1 GPS/FMS RNAV Arrival Chart for runway O8L:
https://aip.dfs.de/BasiclFR/pages/PO0A8C.html
ILS 08Lhttps://aip.dfs.de/BasiclFR/pages/PO0A92.html
GPS / FMS RNAV Arrival Chart for runway 08R:
https://aip.dfs.de/BasiclFR/pages/PO0A90.html
9 ILS 08Rhttps://aip.dfs.de/BasiclFR/pages/PO0A93.html

1
1

5.2.1 Standard Intercept 08L
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This scenarias a standard approach to runway 08L, starting from the final approach fix, as
defined on the FinaRpproach Chart for Runway 08Ihe plot can configure the aircraft
without any ATCrequests and receivestimely approach and landing clearanéer runway

08L. Table5 lists theinitial aircraft states for this scenaridr'he aircraft is atady on the
localizer andntercepts the glide slope from below &000 ftabovemean sea level

Table5: Initial Aircraft States for Standard Approachon 08L

48.3415 114964 200 5000 82

Figure 13illustrates the wind profile for this scenaridVith decreasing altitude, the wind
becomesslower but builds an increasing tailwind component.
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Figure 13 Wind profile for the standard approach on runways 08L and 08R

5.2.2 Standard Intercept 08R

This scenario is a standard approach to runway 08R, starting from the final approach fix, as
defined on the Final Approach Chart for Runway 08R. The pilot can configure the aircraft
without any ATC requests and receigdimely approach and landing clearanéar runway

08R.

Table6 lists the initial aircraft states for this scenario. The aircraft is already on the localizer
and intercepts the glide slope from below 2000 ftabovemean sea level

Table6: Initial Aircraft States for Standard Approachon 08R

48.3195 114815 200 5000 82
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The wind situation is similar to the orier the standard approach on runway 08L, described
in section5.2.1, Figurel3

5.2.3 Base Intercept 08L

This scenario shall recreate a situation in which the air traffic contradigueststhe pilot to
maintain speed until 4NM from the threshold of runway 08L. The initial aircraft state is

provided inTable7.
Table7: Initial Aircraft States for Base Intercept on 08L

48.4083 11.3917 220 5000 170

Thewind profile for this scenario is illustrated in the followikggure14.
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Figure 14: Wind profile for the base interceptscenario
TheATC instructionsare:
1. Turn left heading 120.
2. Cleared for approach.
3. Maintain 150 to 4NM.
4. Cleared for landing.

5.2.4 Base Intercept 08R

This scenario shall recreate a situation in which the air traffic contradigueststhe pilot to
maintain speed until 4NM from the threshold of runway 08R, combined with a tailwind
component.The initial aircraft state is defined fable8.

Table 8: Initial Aircraft States for Base Intercept on 08R

48.2417 11.3917 220 5000 350
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Thewind profile for this scenario is similar to theind profilein scenario 3 and is illustrated
Figurel4.
The ATC instructionsare:

1. Turnright, heading050.

2. Cleared for approach.

3. Maintain 150 to 4NM.

4. Cleared for landing.

5.2.5 Short Intercept 08L

This scenario shall recreate a situation in which the air traffic controller offers the pilot a
shortcut to the final approach. On the downwind, the ATC will vector the pilot, intending to
have the arrival aircraft intercept th@strument Landing Systeml(S) around 6NM from the

runway threshold at an altitude of 3700 ft.
Table 9: Initial Aircraft States for Short Intercept on 08L

48.4448 11.7247 220 kts IAS 4000 262

Thewind profile for this scenario is illustrateBigure15
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Figure 15: Wind profile for the shortintercept scenario
The ATC instructionsin this scenari@re:
1. Turn left heading 170anddescendo 3700ft.
2. Turn left heading 120, cleared for approach.
3. Cleared to land.

§
g

5.2.6 Short Intercept 08R

This scenario is similar to the scenario describel.th5 except it approaches runway 08R
instead of runway 08LThe initial aircraft state is defined in the followidgble10.
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Table 10: Initial Aircraft Sates for Short Intercept on 08R

‘ 48.2463 11.6565 220 kis IAS 4000 262 \

Thewind profile is similar to the one of scenario 5, illustrated-igurels

TheATC instructionsare
1. Right turn heading 350 and descent to 3700ft.
2. Right turn heading040, clearedo approach.
3. Cleared to land.

5.3 Scenario Ordering

The scenario ordering is determined basedaocomputer script that uses random number
generators. Sectio®.ldefines the six scenarios used for the simulation exercise of which two
belong to one of three difficulty levels respectively. The script ensures that one of the similar
scenarios is selected aseference and solution scenario. Additionally, the script randomizes
the order of the three selectesblutionsand reference scenarios.

Thus,randomizationensures that each pilot has three reference scenarios and three solution
scenarios, with one scenario of each difficulty level. Additionally, the ordering of the difficulty
levels is randomized for the solution as well as reference scenarios.

Furthermore, which of the two scenarios of similar difficulty is chosen as reference and
solution scenatrio is also chosen randomly for each pilot anew.

5.4 Data Collection

Section4 definesthe research questiosithat this deliverable investigatedBased thereon,
section5.1describesthe scenariogilots fly in the simulator to test th& ADA implemented
as described in sectid®2 Measuringthe 3 | $ linGp&xton the research questiomequires
metrics on the HumanMachine Teamingas well as aircraft performance indicators of the
approach scenariogown in the simulatorEspeciallythe metrics selectiosargeting Human
Machine Teamingis an evolutionary process that was performed in parallel to the
development of simulation scenarios definedsection5.1

The selection process for the Humdwachine Teaming Metrics [gased on the collection of
potentially applicable metrics, included in the SafeTEAM framework, described in SafeTEAM
Deliverable 2.2. These metrics aim to capture the collaboration or teamwork between Digital
Assistants and the human user or operators. Tdmmplete collection of metrics is too
extensive to reproduce in this deliverabl®wever, the metrics can be grouped by measuring
the following dependent variables:

1 Trust

1 Workload

i Situation Awareness

1 System Usability
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The following subsectionsummarize by grouping the data collection methode metrics
chosen tocollect data oradependent variable

5.4.1 Unstable Approach Prediction Model

One information type recorded in the simulator exercise are the features fed into the
prediction model, computed for each approach flown, and also the resulting Unstable
I DPOT AAE 0 OAAE A O EThib outcdmécdntaidsthe ToudpOtof the Anodel as
well as the five most relevant features for the model to yield the prediction on the approach
stability. Anexemplaryoutcome, encoded as JavaScript Object Notation (JSON), cafobe
example
"prediction™; "[0.0]",
“"probability": "[array([0.97711212, 0.02288788])]",
"top_features": [
["weather_altimeter_hpa",
1.3686779476318494],
['feature_4 0 _nm_airspeed_mds'
0.9550524174502503],
[‘feature_flap_full_hbaro_m
0.8137647769602466],

['feature_4 0 _nm_roll_rad_var;
0.33292498041475493],
['date”,
0.3299271467598154]

]

which contains keyOAT OA DPAEOO AAOAOEAEI ¢ OEA OPOAAEA
booleal £A1 OA 1T 0 OOOA OAOEAAI Ah OEA ODBPOI AAAEI EC
compared to the defined threshold in secti@2.3 to make a prediction, as well as the five

most influential features provided to the Unstable Approach Prediction Model to calculate

the probability outcome.

5.4.2 Simulator Data

Asdescribedn section3.2.5 the simulator stores performance data of the aircraft, as well as
pilot inputs. This allows for an analysis similar to flight data monitoring analysis that airlines
do in their operations, taking into account the speed, Instrument Landing System dengtio
sink rate, and aircraftonfigurations

Figurel6exemplarily illustrates the Indicated Airspeed and also the deviation from the target
speed from eleven miles from the runway threshold to the runway threshold. The red box
illustrates the critical region for stability analysis, indicating the region ftbmstabilization

gate to therunway threshold in the horizontal and the parametéssability domain in the
vertical direction. In the following picture, the approach is unstable, since the target speed is
not in the required range at the beginning of the stabilization gate.
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Indicated Air Spead [kis]

Targetspeed Deviation [kis]
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1 o ] B 7 & 5 4 3 2 1

Trackmiles to Threshold

Figure 16: Approach Speed and Speed deviations during an approach

Figurel7exemplarily illustrates the glide slope and localizer deviation of an approach from
eleven nautical miles until the runway threshold. Again, the red regions illustrate the critical
region to evaluate the stability of the approach. For the ILS, the dedmas measured in dots,
where a deviation of one dot in each direction is acceptable, and deviations beyond one dot
after the stabilization gate are considered as an unstable approach.

Figurel8exemplarily illustrates the sink rate of an approach. The red region illustrates the
region in which the parameter is considered stable. Additionally, the green line indicates the
sink rate the aircraft would have if it followed the vertical guidancehef glide slope with its
current ground speed.

~ 2 A N s oA s 2 s o~ s

illustrated as a Boolean where True indicates the gear is down. The flap setting is illustrated
from zero to four, where zero indicates flaps retracted and four indic@tiegg&l ADO &£OI1 1 6 C
The red regions indicate the gear and flap settings necessary to consider the approach stable.
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Figure 18: Sink rate during an approach
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Figure 19: Aircraft configuration during an approach

5.4.3 Questionnaires

We designed two questionnaires for tH@ADAexercise, using the EUSurvey serv|@d]
First, a postscenario questionnaire that pilots shall file immediately once each of the six
scenarios is completed. Second, a pasission questionnaire that pilots shall file after the
sixth postscenario questionnaire is completed, concluding the srémsession. The post
scenario questionnaire focuses on the dependent variabléerkload and Situation
Awareness along with perceived scenario difficulty and other qualities of the scenario design
itself. The collected questionnaire serves to answer ti@search questions, while the
AAAEOEIT T Al OAAT AOET Oi AGA AAOA6 AT AAI AOG AAOA
5.4.3.1provides details on the postcenario questionnaire, while Appendix 1 provides
screenshots of the complete layout and design of the questionnaire.

The postsession questionnaire targets the system usability of 8&DA Subsectiorb.4.3.2
provides details on this questionnaire, while Append2 provides the complete
questionnaire.

5.4.3.1 Post-Scenario

The postOAAT AOET NOAOOEITT AEOA EO AAOECT AA O1 ACcC
of the DA after they have completed a scenario. The pilot is asked to reflect on various aspects

I £ OEAEO AgPAOEAT AAh ET Al OAEGJ, 6ituatols Awarigs3OA T & O
and subsequent decisiemaking during the scenario.

Workload
To collect data on the perceived workload during the scenario, the questionnaire integrates
the NASA Task Load Index (NASAX)[12], containing six questions that are all answered
usinga® Wo® , EEAOO OAAlI A8 &i O AEOA NOAOOEI T Oh UA
OOAOU EECES8O
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How mentally demanding was the task?

How physically demanding was tliask?

How hurried or rushed was the pace of the task?

How hard did you have to work to accomplish your level of performance?

How insecure, discouraged, irritated, stressed, and annoyed were you?

&1 0 OEA OEQOE NOAOOGEI T h UAOI EO 1 AAATT AA ODPA
1 How successful were you in accomplishing what you were asked to do?

= =4 4 -8 -9

Rather than deploying the standard but complex way of weighing the TLX dimensions to
develop a score, our experiment uses the widely adopted Raw TEKLXR method of
averaging the dimension scores to create an estimate of overall perceived workl8ad

Situation Awareness

The questionnaire also contains three items developed13] to target the three levels of

situation awareness (SADAOAADPOETI T h AT I POAEAT OEIT T h AT A D
original model of SAL5]- while minimizing the construabverlap with NASATLX. The three

Situation Awareness Three Levels (SA3) Likert items, evaluated anl4d &cale, are (with

endpoint labels in parentheses):

T -U 1T ACGAOOGAOGETT 1T &£ AOEOEAAIT EIT &£ OI AGETT | X
O) AAT OGEZEZEAA Al1 1T AAAAA ET £ Oi AGET146(Q

T -U O1 AAOOOGAT AET C 1T £ xEAO xAO CIiETC 11 jX
O1T AAROOGOIT 1T A6 Q

7)) AT OIA 1TTE AEAAA AT A Al OAGAA xEAO xAO C

s o~ o~ o~ N oA

P 06 A0U AAADOOAOAIT U6 Q
The SA3 score was calculated by averaging the response scores of the three constituent
items.

Approach Stability Assessment

"EOAT OEA T EIEOCAA OAIiPIA OEUA AT A OEA DPAOO
Approach Assistant across the scenarios, it is difficult to measure traiseiaystem directly.

)y T O0AAAhRh AT A AO A DPOAAOOOI O &#I O O60O6O6Oh OEA |
stability assessments with those of the Stabilized Approach Assistant, i.e., their level of
agreement

The first item of the questionnaire, targeting situation assessment, selkassessment of

Ol EAAO OAAT A AAOxAAT UAOIT | OAT I BPIAGAT U O O
instructions to interpret 6 0.4 as unstable, 0240.6 as a grey zone, and 0.8 as stable.
Additionally, itis possible to select reasons for instability, in case theasEssment is an

unstable approach. The predefined checkboxes includedsoas like speed, glideslope
AAOGEAOGEI T h OETE OAOAh AOAsh AT A AT OI OEAOS 1

The second item targeting situational assessment coversdéeision supportaspect of the
digital assistant. Therefore, the questionnaire investigates the effect of the digital assistant
iIT OEA PEI T O08 AAAEOEI T O AOOET ¢ OEA ADPDOI AAE
17 7.The three questions were (endpoint labels in parentheses):
1. To what extent did the Unstable Approach Prediction tool help you maintain a stable
APDPOT AAEe X B O0.10 AO Al1o6h ¢ B O! COAAQ
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2. To what extent did the Unstable Approach Prediction tool influence your decision to
initiateageA OT OT Ae X B O0.16 AO Ai1d6h ¢ B 06AO0L
3. Overall, how strongly did you agree or disagree with tbestable Approach
0OAAEAOQEIT O1T11680 ApPOi AAE OOAAEI EOU AOC
AEOACOAAGHh ¢ B 030011 CIU ACOAAG(Q
For each question, the questionnaire instructed participants to interpret and use a score of 4
to indicate a neutral response if they were unsure or had no opinion. They could also use a
complimentary text field to explain if and why any of the questionsrevnot applicable.
These decision support questions were conditionally asked after scenarios where the

Stabilized Approach Assistant was available to participants, i.e., the solution scenarios.

Scenario Meta Information

The scenario difficulty is the first item interrogated in this part of the questionnaire, using the

Single Ease Question (SEQ) instruméh6, A , EEAO0OO OAAI A EOAI AOEE’
xAO88806 xEOE OAOGHOOAOBD DOAOCEQ COIEOd 1j ROAOU AE
scenario difficulty.

The second item in this part of the questionnaire probed the frequency of a scenario occurring
inrealx T O1T' A T DPAOAGET T Oh O(1T x 1 A£O0AT AT AO O1i1 AOE
x| OEed OAOOEAEDPAT OO0 AT Ol A n&vdsiadifdm tine fo tihe/e OE A
frequently andvery often

5.4.3.2 Post-Session
The postsession questionnaire focuses on tigability of the SADANd employs the widely
adopted System Usability Scale (SU%Y][18]to measure this. SUS consists of terpint
Likert items, where 1 strongly disagreand 5 =strongly agreeResponse options?24 are
unlabeled.
I OUOOAI 680 353 OAT OA EO AAiI AOI AGAA OOET ¢ OEA
1l 1
YMIY n& ¢ CY'YgH momo ik om CYTRYQH mie mipmingp

Thisformulaaccounts for the alternating positive and negative tone of the items and yields
a unified usability score ranging from 0 to 18WS scores can be interpreted using adjective
based ratings:
1 0-25: Worst imaginable
1 26-50: Poor
 51-70: OK
1 7185: Good
1 86-100: Excellent
Or, alternatively, using a lettegrade scale:
A: 80100
B: 7079
C: 6069
D: 5059
F: Below 50
The ten Likert items are:

= =4 =4 -4
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| think that | would like to use this system frequently.

| found the system unnecessarily complex.

| thought the system was easy to use.

| think that | would need the support of a technical person to be able to use this
system.

| found the various functions in this system were well integrated.

| thought there was too much inconsistency in this system.

I would imagine that most people would learn to use this system quickly.
| found the system very cumbersome to use.

| felt very confident using the system.

10 | needed to learn a lot of things before | could get going with this system.

PowbdPE

©ooNO O

5.4.4 Interviews

After flying the scenarios and answering the questionnaires, we performed agasstion
interview with the pilots. The interview is designed as a setnictured interview with an
interview guide that is provided in Appendix3. After performing the first interviews, we
decided to switch from a minutebased recording to a softwarbased recording using
Audacity gersion 3.7.119]q xEOE A 11T AA1 1 1 AdrmachingearnirgAT ! ) & C
modelbased system20]? to create transcripts. This setup was run entirely offline on a
laptop to ensure no sensitive data was transmitted anywhere. The transcripts are corrected
by the interviewer after the interview for any potential mistakes by rehearing the audio
recording ad complemented with layout changes for easier analy§ily the revised
transcript is used for later analysis.

The topics covered by the seratructured interview are:

Communication of the Assistant and Pilot

Coordination of the Assistant and Pilot

Workload

Situational Awareness

Problem Solving and Decision Making

System Usability

Human Autonomy Teaming

Trust(Reliability and Agreement)

The topicsare similar to the ones covered in the questionnair@soviding a redundant
method of data collection with more flexibility and room for more detailed explanations from
the user.

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

To analyze the interview data, the transcripts were analyzed for their thematic content. A
Thematic Analysis (TA) workflow was developed based on TA best praddgqd22]
augmented by Large Language Model (LLM) capabilifi23] [24]. This LLMaugmented
analysis procedure consisted of several steps:
1) Data Familiarization
a) Read the transcripts.
b) Highlight compelling extracts.
c) Take noteof early impressions, tensions, contradictions (e.g., using margin
comments in Microsoft Word).
2) Initial LLM-Assisted Coding
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a) 30AT EO AAAE OOAT OAOEDPO j xEOEI 60 EOI Al
prompt instructing it to develop inductive thematic codes to categorize the
datal.

b) CrossAEAAE AT AAO xEOE -phadeQdflexiveiTA and DA OE A G
0 Al | E &@led p®idts approacf21][23].

c) Merge the output spreadsheets into a single spreadsheet (adjust thse

3) LLM-Augmented Code Reconciliation

a) This is a code comparison and synthesis phase to systematically reconcile the
human annotations (reflective, interpretive, intuitive) with the Lidénerated
codes (based on semantic/latent meaning).

b) Instruct an LLM to compare and integrate the human researcher notes with
the LLM-generated codes in the spreadshéet

c) Manually go through and correct/edit, e.g.:

) ! AA AQGEOOETI ¢ EOI AT 11 O0AOG #O1Ti OEA
.1 OAGe AT 1 O0i1 dmethdgA ,, - [ EOOAA
i) Doublecheck and/or replace quotes for more representative or
illustrative ones.
ii) (This is partly why step 1 is so important!)
4) Theme Development with LLM Support

a) Instruct an LLM to cluster codes into thenies

b) Manually go through the themes and evaluate their validity, distinction,
groundedness in the data, etc.

c) Adjust (edit/add/remove) themes, subthemes, and cadetheme mappings
as deemed appropriate.

5) Theme Refinement

a) (Optional) Reorganize themes and clarify boundaries.

b) Create thematic maps (by hand and/or using LLM suggestions for
connections).

6) Writing and Visualization

a) Draft a structured summary of each theme.

b) Select compelling quotes from the data to support themes.

c) Refine thematic map structure (i.e., hierarchical or networked).

This analysis workflow was used to develop preliminary resakgction6.5.

5.4.5 Exclusion ofTeaming Metrics

The nature of the8 ! $! 6 O doksindtdbiaina two-way teamingaspectbut rather a
one-way collaboration from the SADA towards the pildtletrics focusing on the twavay
teaming aspectas discussed in detail in deliverable D2.2 of SafeTExdve omitted for the
analysis of this deliverable.

1The prompt in Appendix C.1 was ul624d with OpenAl ds @dC
2The prompt in Appendix C.2 was u®24d with OpenAlds #AC
5The prompt in Appendix C.3 was u®e5d with OpenAlds #AC



5.5 Simulation Exercise Overview

This section outlines thémeline for theconduction of one simulation exercisstructured
into pre-simulation activities, the simulation exercise itself, and the psishulation activities
in Tablell

Table 11: Simulation Exercise Timetable

15 Arrival and Welcome participants, confirm attendance, and complete administrative
Registration paperwork.
15 Participant Brief participants on objectives, simulator setup, and fDActionality.
Orientation
Scenario Thispart is done using a Matlab Script that randomizes the scenario orc
Randomization ensuring that thdearning effects of the pilots during a simulator session
randomly distributed to the scenarios and not similar throughout the
campaign
15 Block I Scenario 1 = Give the pilot a chance to get used to the simulator
(Familiarization)
15 Block 2.1 Scenario Run Scenarid, followed bypost-scenario questionnaire
1
15 Block 2.2 Scenario  Run Scenario Zpllowed bypost-scenario questionnaire
2
15 Block 2.3 Scenario  Run Scenari®, followed bypost-scenario questionnaire
3
10 Break 10-minute break to reset and refresh.
15 Block 3.1 Scenario Run Scenarid, followed bypost-scenariogquestionnaire
4
15 Block 3.2 Scenario = Run Scenari®, followed bypost-scenario questionnaire
5
15 Block 3.3 Scenario  Run Scenari®, followed bypost-scenario questionnaire
6
5 PostSession Conduct the posisession surveys: Trust Automation, System Usability
Questionnaire Scale (SUS), and Acceptability Scaelminister the System Usability
Scale
45 DebriefingInterview Gather qualitative feedback on the DA and participant experiences thro

Page 43

Session

informal discussions arvbservational methods, without relying on surveys



Experiment Evaluation

Page 44



6 Results

The experiments, as defined 8ection5, were performed witHive pilots from three different
airlines.The followingsubsectiongresent the data retrieved by questionnaires, interviews
and from the simulator data.

6.1 Unstable Approach Prediction Model Results

This section provides the results of the unstable approach prediction mdeglure 20
illustrates the 24 outcomes of the unstable approach prediction model for all simulated
approaches aahistogram in blue. The prediction model yielded results betwe@n 1 caod
mMow@yx &0 i OEEO AAOAh xA EET A OEAO OEA 3! $!
simulation exercises.

8

Unstable Prediction
5 Mo Unstable Prediction
[ Frequency of the ML Results

1 l L
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1
Machine Learning Results for all 24 approaches from the simulation exercise

Figure 20: Unstable Approach Prediction Model Results from the Simulation Exercises

6.2 Flight Data Results

This section provides the data recorded from the simulator, as introduced in seSibh
This includes all trajectoriesom the simulation exercises, as well as the data necessary to
assess approach stability as well asggounds. First, the relevant parameters are visualized
and describedand then summarized imable12
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Figure 21 illustrates the twoedimensional trajectories of the approaches flown in the
simulator exercises as dotted lines. The scenarios five and six, defined in secldband
5.2.6 are the ones starting at the most northern and southern positions -patallel to the
runway direction. The scenarios three and four, defined in sectib8s83and5.2.4, are the
ones starting at the nortlwestern and southwestern points, respectively. The beginning of
scenarios one and two, defined in sectidn®.1and5.2.2 is on the final approach fix of the
northern and southern runway and is covered partly by the trajectories of scenarios three and
four. The grey cones illustrate anp ttarea around the extended runway centerlines of the
runways at Munich Airport and are part of the radar screen for orientation of the simulation
operator. One important observation iRigure21is the gearound that was flown on runway
08L.

Figure21: Trajectories of the Approaches flown in the Research Simulator
In the following, we perform a Flight Data Monitoring (FDM) analysis of the recorded data.
Therefore, we check if the relevant parameters defining the stability of the approach are
within the limits defined in sectio.1.4

Figure 22 illustrates the target speed deviations on the final approach for all simulated
approaches. The red box illustrates the region fromQotb p Q0 dround the target
speed fromoU 0 to T 0 U from the runway threshold. ThisG 0 point is not precisely the
stabilization gate for each approach. Since the stabilization gate is definpedratiGabove

the airfield, the stabilization gate differs for each approach. Therefore, the horizontal stretch
of the box only gives a rough indication of where the stabilization gate starts, which is good
enough for the subsequent evaluation of the approach&Be color coding of the target
speed trajectories visualizes the stability evaluation of the unstable approach prediction
model, presented in the previous sectiéri. From the analysis of the simulator data, we find
seven approaches which are outside the target speed range, defined for a stabilized
approach.
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Figure22: Target Speed Deviations on Final Approach

Figure 23 illustrates the glideslope and localizer deviations in the final approach from all
simulation exercises. The red boxes indicate ILS deviations @tlots. Similar to the
visualization ofFigure22, the horizontal stretch simplifies the region of the stabilization gate

to @0 0 to the runway threshold. Also, the color coding is the samed-agire 22. The
localizer deviations are within a stable regime for all approaches except for one. The glide
slope deviations, especially towards the runway threshold, are outside the domain of stability
for five approaches, that do not stay within irp dot deviation of the glideslope.
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Figure 23: ILS Deviations on the Final Approach

Figure 24 illustrates the gear and flap settings during the final approach of the simulation
exercises. Similar to the visualizationfiure22, the horizontal stretch simplifies the region

of the stabilization gate ta@0 0 to the runway threshold. Also, the color coding is the same
asFigure22. We observe that the gear configuration for all approaches was aligned with the
stabilization criteria. For the flap configurations, we observe one approach, which extends
the flaps after the stabilization gate. Additionally, we can observe theagaund, which
retracts the flaps by one setting.
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Figure 24: Aircraft Configuration on Final Approach

Tablel2summarizes the data that was recorded in the simulator and evaluated according to
the stabilization criteria defined in sectioR.1.4 From 24 approaches, we find 16 stable
approaches and eight unstable approaches. Of the eight unstable approaches, seven were
due to overspeed, combined with glideslope deviations or too late flap configuration. One
unstable approach only showed a glidéome deviation without any other factors for
instability. From the eight unstable approaches, onegwound was initiated.

Table 12: Flight Data Monitoring Results, Based on Simulator Data

16 8 7 5 1 1

Finally,Figure25 again illustrates the Unstable Approach Prediction Model Outcomes as in

Figure 20, but colorcoded by the FDM analysis outcomes. The red colored part of the
histogram illustrates the approaches categorized as unstable. The green colored part of the
histogram illustrates the approaches categorized as stable by the FDM an&@ysisiportant

observation is the green bar at around 0.95, which is a nuisance alert of the SADA. The figure

Al 01T Al11Tx0 OEA AT i DOOAOGETT 1T &£ OEA 3131860 DI
simulation exercise.
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Figure 25: Unstable Approach Prediction Model Outcomes, Colecoded by FDM Outcomes

6.3 Post-Scenario Questionnaire

This section provides the results of the pastenarioquestionnaire divided by topics into
subsections

6.3.1 Stability Self-Assessment

~ 2z A N oz A

simulation exercis@asa histogram plot.Additionally, the colored division indicates the scale
that wasdefinedin the questionnaire Values from 0.0 to 0.4 indicate unstable approaches.
Values from 0.6 to 1.0 indicate stable approaches. We left the area from 0.4 &5 @ @rey
zone, as sometimes, even though approaches are categorized as unstable, the parameter
that violates the stabilization criteria is out of limits only for a short period of time, for
example,the speed due to a gust. In these cases, even though the approach is nominally
unstable, manypilots continue the approachmaking the case that the parameter violation

IS just shortterm and under control
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Figure 26: The pilots' stability selFassessment of the 24 approaches flown in the simulator. Theaxis is
OAPAOAOGAA AU AT 171 00h AAAT OAET ¢ O OEA NOAOOETI

47 A@AT ET A OEA OAI AOGET 1 OEED AAOxAAT mml I 006
the systemgenerated (machindearning) assessmentpresented in section6.l, we
conducted a Pearson correlation analysihile the SADAHMI was only available live to
participants in the SADA On condition, its algorithm was appliecughout allsimulation
exercisesto assess approach stability for all scenarios, including those in the SADA Off
condition. This allowed for a consistent, objective reference across conditions, enabling a
comparison between human and machine evaluations regardless oftiraal system
avalability. A positive correlation was hypothesized based on theoretical alignment between
self-assessed and athineassessed approach stability. A Pearson correlation {taied)

showed a smalto-moderate,non-significant positive associatiorn,(24) = 0.26p =0.098.

To examine whether the relationship between saefsessed and machidearningassessed
approach stability was moderated by the availability of the SADA tool, we conducted a
general linear model with selissessed stability as the dependent variable, maehi
learning-assessed stability as a covariate, SADA availability (two levels: On, Off) as a factor,
and their interaction as a term in the model. The overall model m@ssignificant, K3, 22) =
0.93,p = 044, and explained a small proportion of the @te in selassessed stability
(adjusted R2 96.00). There waso significant main effect of SADA availabilityH1, 22) =
0.01,p =0.93, nor of machineassessed stabilityi{1, 22) = 0.58& =0.45. Importantly, the
interaction between SADA availability and machiassessed stability was alsnot
significant, H1, 22) = 0.3§=0.54, indicating that the relationship between algorithmic and
self-assessed stability did not differ as a function of whether the SADA tool was available
during the approach.

Simple effects analyses showed that the relationship between machssessed and self

assessed stability wasot significant in either condition (SADA Om=0.46; SADA Offp=
0.50), further supporting the absence of a moderating effect.
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Figure27E1 | OOOOAOAO OEA PDPEI T O08 OAcorarios a8 Bowrhih ET x
the simulation exercisen their reatworld operations. Thebar plot iscolor-codedby scenario

type, summarizing scenarios one and two as standard approaches, scenarios three and four

as base interceptsand scenarios five and six sisort intercepts. We observe that the short
intercepts, which were designed to be the most demanding scenarios dad @onstraints

are experienced by all pilots at least from time to tinfénefrequency ofstandard approach
scenarioss not assessed uniformly by pilotsimilar to the base intercepts.
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Il Short Intercept
Il Base Intercept M
[ standard Approach

Count
[4)]

N eqe‘ ?\,&e\‘l 10,"\((\3 o e(\\\\]l 06“6‘\

Pilots' Perception on the Likelihood of Similar Scenarios Occurring in Real Operation
Figure 27: Pilots' Perception on the Likelihood of Similar Scenario®ccurringin Real Operation Color
Codedby Scenario Type

A onetailed Pearson correlation was conducted to test the hypothesis thatasdessed
stability (analyzed in the previous section) decreases as perceived task difficulty increases.
The result showed a smatb-moderate negative correlation that wasot statistically
significant, r(15) =z0.24, p = 0.179. While the direction of the association aligned with
expectations, the result does not provide sufficient evidence to support a reliable relationship
between these variables in the current limited sample.

Perceived task difficulty was rated by participants following each simulated approach and
analyzed to determine whether difficulty differed across scenario types. Scenario types were
grouped into three categories based on intercept geometry and operatimushplexity:
Standard (Scenariosz2), Base (Scenariog4), and Short (Scenariog6). Given the within
subjectd structureof the data and small sample size, a linear miedfi:cts model was used

to account for repeated measures and participdevel variability.

4 Meaning that alparticipantscompleted all scenarios in all conditiopas @ p o s e thetwieens ab jbect s 0
design, where participangse split between conditions.
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The model includedScenario Type as a fixed effect and a random intercept for
Participant_ID. Satterthwaite approximation was applied for degrees of freedom, and Wald
confidence intervals were computed for fixexdfect estimates. The model was based on 18
complete observations from 4 participants, each contributing ratings across multiple
scenaro types.

Model fit indices suggested that a substantial portion of the variance in task difficulty was
attributable to betweensubject differences (conditional R2 = 0.487), with the fixed effect of
scenario type explaining a smaller proportion of variance (mardgRiat 0.154). The omnibus
test for the fixed effect of scenario type wast statistically significant, H2, 12.3) = 2.57
=0.121.

Estimated marginal means indicated a descriptive trend toward higher perceived difficulty in
both the Base (M = 4.36) and Short (M = 4.39) scenario types compared to the Standard
condition (M = 3.23), although pairwise comparisons did not reach signigcéidase vs.
Standard:p =0.068; Short vs. Standargh=0.086). These trends are mostly consistent with
scenario design expectations but should be interpreted cautiously given the small sample size
and wide confidence intervals.

6.3.3 Mental Workload

As discussed in Sectidn4.3.1the participants'subjective workload was assessed using the
NASATLX, which includes six subscales: mental demand, physical demand, temporal
demand, performance, effort, and frustration. Internal consistency across these items was
EECEh xEOE A #OI 1,Auhpofirg he usé ddacAmpbsie wprkidad sbad. X
Table13presents the means and standard deviations for each subscale and for the overall
mental workload (MWL) composite score, averaged across all conditions and scenarios. On
average, participants reported higher levels of effort, mental demand, and temporal
demand, with lower ratings for physical demand and frustration. The performance item was
reversescored such that higher values indicate greater perceived performance degradation,
aligning its directionality with the other NASALX subscales. The compositéMlL score was

then calculated as the unweighted mean of all six subscales (Raw TLX). The following section
presents inferential analyses examining the effects of scenario and digital assistant
availability on MWL.

Table 13 Means and standard deviations for NASATLX subscales and composite MWL scorezD scale,
higher = greater workload). Performance was reversscored to align directionality.

~ Z ~ ~ =

NASATLX Item Mean (M) Standard Deviation (SD) # OT 1 AAAE &
Mental Demand 7.50 3.91

Physical Demand  5.89 4.91
Temporal Demand 6.78 2.82
Performance (rev.) 8.06 6.08
Effort 8.50 4.49
Frustration 411 3.64
Composite MWL 6.81 3.69 0.91
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Although the ShapireWilk test indicated a deviation from normality (W = 0.805 0.041),
visual inspection of € plots, as well as skewness and kurtosis values, suggested only mild
non-normality. Given the small sample size anithin-subjects structure of the data, a linear
mixed-effects model was employed to account for repeated measures across participants
and to allow for greater flexibility in handling distributional assumptions. This approach
provides a more robust alternate to traditional repeateemeasures ANOVA, particularly
when assumptions of normality or sphericity may be violated.

To examine whetheparticipantperceived MWL differed across scenario types and SADA
availability, a linear mixeeffects model was fitted using data from 4 participants, each
contributing up to six trials, for a total of 24 data points. Six trials were excluded due to
incomplete MWL onstituent item scores (leaving a sample size of 18), resulting in a slightly
unbalanced dataset. The model includeéttenario_Type (three levels: Standard, Base,
Short) andAssistant_Availability (two levels: On, Off) as #d effects, with a random
intercept forParticipant_ID to account for repeated measures. Satterthwaite approximation
was used for degrees of freedom, and Wald confidence intervals were computed for
parameter estimates.

Model fit indices suggested a good overall fit, with a conditionrabfR0.855, indicating that
85.5% ofthe variance in MWL was accounted for when including both fixed and random
effects. The marginal Rrepresenting variance explained by fixed effects alone, was lower at
0.066.

The omnibus tests for the fixed effects revealea significant main effectof scenario type
on MWL,H2, 9.0) = 1.4 = 0281, andnho significant main effect of assistant availability,
H1, 9.2) = 2.58 = 0142. There was alswo significant interaction between scenario type
and assistant availability(2, 9.0) = 1.1, = 0372.

Estimated marginal means indicated a descriptive trend toward higher MWL ratings in the
Short scenario type condition (M = 8.09) compared to Base (M = 6.73) and Standard (M =6.71),
although this difference was not statistically significant. UnexpecteMyyL was numerically

higher when the assistant was active (M = 7.85) compared to when it was off (M = 6.51),
though again this trend did not reach statistical significance. Notably, the only condition in
which the assistant slightly reduced MWL was in the® scenario condition, where MWL
dropped from 8.21 (Assistant Off) to 7.97 (Assistant On), though this difference was minimal
and not reliable.

These findings suggest that, in this preliminary sample, neither scenario type nor SADA
availability significantly affected perceived mental workload. However, descriptive trends
may inform hypotheses for future analyses with larger samples.

6.3.4 Situation Awareness

s s oA s o~ - s A s s oA AN s oA s oA

OAOOEAEDAT OO8 OEOOAOQET I AxAOAT AGO j31rq xAO
discussed in Sectiod.4.3.1 The SA3 includes three subscales corresponding to three
dimensions of SA: perception, comprehension, and projection. These three dimensions were
OO0OZAZZEAEAT O U ET OAOT AT T U AT1T OEOOAT Oh xEOE A ;
composite repraentation. Table 14 presents the means and standard deviations for each
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constituent SA3 scale and the overall composite SA score, averaged across all conditions and
scenarios. On average, participants reported higher scores for situation comprehension than
situation perception and future projection.

Table 14: Means and standard deviations for SA3 subscales and composite situation awareness (SA) score
(scale: %11, higher = better SA). Scores are averaged across all conditions and participants.

~ ~ Z ~ ~ =

SA3 Item Mean (M) Standard Deviation (SD) # Ol T AAAE®S
Perception 8.54 1.82

Comprehension 9.54 1.02

Projection 8.54 2.06

Composite SA 8.88 1.43 .80

Although all SA scores were valid, the distribution of composite SA scores showed a clear
deviation from normality. The Shapir@Vilk test was significant, W = 0.4 0.001, and both
skewness 1.87) and kurtosis (3.59) values indicated a negatively skewed and peaked
AEOOOEAOOEITh AiTOEOOAT O xEOE A AAEI EI C AEAE
the histogram and QQ plot supported this conclusion, showgrelustering at the high end of

the scale and systematic deviation from normality. &wvthe repeateemeasures structure

of the data and the robustness of linear mixetfects models to violations of normality
assumptions and the exploratory nature of this earstage dataset we proceeded with

this approach for the inferential analysis diet SA scores.

417 A@AI ETA xEAOEAO PAOOEAEDAT OO6 DAOAAEOAA
availability, a linear mixeeffects model was fitted using data from 4 participants, each of
whom completed six trials (one for each combination of scenario type andstass
availability), resulting in a total of 24 observations. The model incluseehario_Typegthree

levels: Standard, Base, Short) ambsistant Availability (two levels: On, Off) as fixed
effects, and a random intercept foParticipant _ID to account fo repeated measures.
Satterthwaite approximation was used for degrees of freedom, and Wald confidence
intervals were computed for parameter estimates.

Model fit indices suggested a moderate-strong model fit, with a conditional Fof 0.422,
indicating that 42.2% of the variance in SA was explained by both fixed and random effects.
The marginal R representing variance explained by fixed effects alone, was 0.263.

The omnibus tests for the fixed effects revealadsignificant main effect of assistant
availability, {1, 15.0) = 7.8%,=0.013, indicating that SA ratings were significantly higher
when the assistant was available. There wassignificant main effectof scenario typeH2,
15.0) = 0.82p =0.458, andno significant interaction between scenario type and assistant
availability,H2, 15.0) = 0.4§=0.626.

Estimated marginal means showed that participants reportegher SAwhen the assistant

was active (M = 9.56, SE = 0.46) compared to when it was not (M = 8.19, SE = 0.46). Descriptive
differences between scenario types were minimal and 4smmificant: Standard (M = 8.96),

Base (M = 8.46), and Short (M = 9.21). Assistalaited increases in SA were observed
consistently across all scenario types, with the largest difference in the Standard condition
(Assistant Off: M = 8.00; Assistant On: M = 9.92).
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These preliminary results suggest that, unlike for MWL, the availability of the SADA had a

OOAOEOOEAAI T U OECI EAEAAT O AT A PTI OEOEOA A EEA.
regardless of scenario type.

6.4 Post-Session Questionnaire

The postsession questionnaire included the System Usability Scale (SUS), described in
Section 5.4.3.2 to assess overall usability of the SADA system following the simulation
exercise. Responses were collected after participants had completed all six scenario runs and
associated posODO1 NOAOOET 11 AEOAOG8 /1T A PDPEIT 0680 OAOE
incomplete submission.

Tablel5contains themdividual SUS scoresvhich ares5, 77.5, and 85, yielding a mean score

I £ ¢Y8n8 4EEO PI AAAO OEA OUOOAI xEOEET OEA C
letter grade in standardized SUS benchmarkgyure28visualizes these results.

Qualitative perceptions of usability, effectiveness, and system limitations are further
explored in Sectiol.5, which presents a thematic analysis of pastssion debrief interviews.

Table 15 System Usability Scale Results

65 77.5 85 75.8
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Visualization of the System Usability Questionnaire Results
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Figure 28: Visualization of the system usability scale questionnaire results as dot plots. To visualize
multiple similar results, results ofthe same magnitude are spread horizontally.

6.5 Interview thematic findings

This section reports the qualitative findinff®m the interviewdata, analyzed as describad
section5.4.4

Five interlocking themescapture participant DET T 006 A @ befphr@dc&HA) T O AT .
Interface & Alert DesignB) GuidanceSpecificity & Modellransparency(C)Cognitive Load

& CrewResilience(D) Timing &Predictive Windowsand(E)OperationalContext & Learning
EcosystemTogether, they illustrate howparticipantsevaluatedthe SADAfor itsrelevance,

usability, andeffects oncockpit operations.In the following subsections, wdescribe each

theme inturn and concludehe section with a briegynthesis

6.5.1 Theme A: Interface and alert design

Participants judged the HumaMachine Interface (HMI) of the Stabilized Approach Assistant

in part by how clearly it caught the eye in the PFD. Comments converged on three intertwined
design cues; placement, colmoding, and visual salience, all of whichaped their

xEI 1T ETCT AGO O 11 O0EAAh ET OAOPOAOKh AT A OI OEI A
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1 Placement aligned with cockpit scanning habitsParticipants praised the current
bl OEOET 1T OET OEA AAT OAO T &# OEA &-106 j0XQh
(P1) and therefore easy to pick up in the normal instrument scan. The location was
recognized as prime reastate that avoids headlown time while remaining inside
OEA AOAx60 A& AAl AOAAS
1 Color gives instant meaning; if mapped consistently.The red/yellow coding
Al O A OEOOAOEITT xEAOA Ui 6 AAT OOEI 1T AA 00O
that sticking to these conventions prevents misinterpg@on and unnecessary
startle. However, g1 T OO Al O1T OAlI OAA EQEDSGEAAKXKQT EOA,
localizer intercept green (stable) yellow (warning; take action) red (alert; go
around)y to increase gearound readiness.
1 Make the cue hard to miss, but not distracting.Several suggestions targeted
greater salience without adding clutter. One participant (P1) asked for the relevant
AAOGA EEAT A O OAITETES xEAT EO 1 AOGOAOAAR A
faster than a static text block. Another compared thefcA ADO O1 | EOAOOS
runway-distance line OA 1T ET A 11 Ul 60O 0OO1 xAUs888 OEI xO
i AGEI O A OAdSHEM €xamplg 6f @ Quccinct visual overlay that conveys
urgency without words.
Taken together, these observations underline a simple principle: an advisory is only as
AEEAAOEOA AO EOO PAOAADPOOAT A1 OPOET 08 " U Al
it with universallyrecognizedcolors, and adding jusénough motion or graphical context,
AAOECT AOO AAT A1 OOOA OEA 30AAEI EUAA | PDPOI A2
monopolizing it z a prerequisite for any further guidance the system may offer in later
themes.

6.5.2 Theme B: Guidance specificity and model transparency

Once analerthad AOCEO OEAEO AUAh DPEIT 00 EOACAA EOO >
xEAO Ol FEE@Ged AT A O#Al ) OOOOO OEA 11 CEA AA
two closelycoupled subthemes.

Subtheme B.1 ParameterSpecific Guidancea EA CAT AOEA OOOAAEI EUAG A
instrument. Pilots asked for a pinpoint nudge toward the offending parameter so they could

AAO xEOEI OO0 EOT OET C & O OEA DPOI Al A4 O) & EO
a parameter whichAO O AA OOAAEI EUAA 888 OPAAAh Cl EA
analogy, P2 wanted aorPi ET O AT AAEET ¢ NOAd O) £ f OEA AOO
your pitch, that would have been bett@ér TheSsane participant likewise saw most benefit

OEZLZ EOS8O Pi OOEAT A 888 O &£ AOGO I1 OEA 1T1TA OA
OEAY AECCAOO OAOEAT AA6 jowgs 3PAAA xAO OET CI
Ol 1 OOET OBAADO® O} ®EAS

Participants noted that in singhpilot or high workload situations this specificity becomes
indispensable) x EOET OO0 EOh OUT O 1T AAA OEOAA 11 O0A OAAI
(P1). Suggestions for improvement ranged from blinking the speed window or glideslope
OAAT A O A AOEAZE AADEO|OWA G EJSR 3J OME amMRER B
verbal shorthand a human PM would employ and shorten the path from detection to
correction.
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Subtheme B.2 Transparency and ReliabilityEven pinpoint advice falls flat if its rationale is
opaque or its timing unhelpful. Participants therefore probeow the model workedwhat
datait used, andvhenit spoke up.
1 Physicsbased, energyaware logic. Pilots doubted a backox classifier could out
perform a forward physics calculation. P1 argued that if you used a model aware of
OET OOAOOOh xEIT Ah Ais drag>cdlcElgiénOif yQuido hiOih k@A A O
OEi Ah OEAT UIT O EAOA A CiITA DPOAAEAOGEOA OT11
9 Data input and openness.Participants pointed out that uplinked wind profiles are
Al OAAAU AOAEI AAT A AT A AT O A ZEAAA OEA DPOA]
xET A xEOE EAAA AT A OAEI xET A8 ) Al OAAAU E
1 Right horizon, advisory tone.A four-mile cue was too short to act upon; P2 preferred

OE® 1T AOOEAAI 1 EIAO Oi OEAO o6UIT O EAOGA X o
existing 1 O0dt stabilization gate, participants stressed the alert should remain
AAOGEOT OUh 11 O Aitwould rhakd nfoe sebse todavé ah advisory,

AAAAOOA xA Al OAAAU EAOA OEEO X ood A£06 0
Together, these insights frame a clear development targean assistant that surfaces
parameterlevel cues grounded in a transparent, enetfggsed prediction, delivered early
enough to be useful and framed as an advisory partner rather than a strict alarm.

6.5.3 Theme C: Cognitive load and crew resilience

Pilots repeatedly linked the value of the assistant to moments of high workload. During busy
intercepts or haneflown segments, even a wefilaced alert can be lost if it is vague or forces
additional mental search. Conversely, guidance that pinpommg salient variable can free
scarce cognitive bandwidth and bolster crew resilience.
f  Workload-sensitive comprehension. When several tasks converg® C1 EAAOI | b A
AADOOOAR &1 APDOh 1T OAGAEICADROEBRCBHODAABCE UACG
&’ou need three more seconds tealizex EEAE DAOAI AOGAO EO 1 AAT
OAATTAO 1 AOOAOh AOPAAEAI T U EZ A 1 AOA OI OE
try to check your parameters and you don't find a parameter and it might lead to
AoARAAAET ¢ AT 1T OEAO DPAOAI AGAOG6 j 0oXxQs
1 Digital backup when the human PM is busyOne pilot welcomed an assistant that
OOAT 10 T A xEAOEAO xEOE OEAO AT AoOcu 1 AOGAI
when the pilotmonitoring (PM) is headdown with weather or ATC calls, stressing
the need for an extra but unobtrusive set of eyes
1 Cognitive limits and targeted coaching.Following the skiing metaphor, you can only
AAEOOO 1T A OAOEAATI A AO A OEIi Ag 0888 AAAAOD
anyway. Soyou have one variable, and that you can change. And this would be the
OAT A EAOA6 -ARANQRT AGEOI BAOEAOOOET ¢ xAAE Of
pOl Al Ai xEOE OEA DPEOAES6 jowqq O1 AAOI ETAO
rather than a satter of marginal metrics.
A clear crosgheme link emerges here witB.1 ParameterSpecific Guidancereducing the
alert tospeed higlor pitch dowmot only speeds up corrective action but peenpts cognitive
overload. Vague or multiplex warnings, by contrast, risk compounding stress precisely when

OEA DPEIT 080 xixsdEET ¢ I AiT OU EO OA

In short, resilience under pressure hinges on keeping guidapeeifiand timing it so that it
spares rather thanspendsa precious crew resourgettention.
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6.5.4 Theme D: Timing and predictive windows

Beyondwhat the assistant says, pilotsarekeenly aboutwhenit speaks up. They framed the

N ~ s s o~ z

T A~ oz A

distance to act. Two subthemes captureatitemporal calculus.

Subtheme D.1 Prediction Horizon and Actionability:The current trigger 4 NM / 1 000 #

was judged too late already to salvage enefigd AOU ADPDOT AAEAOYd O7EAOD
right now is more like a preparation for gwound. If you're not stabilized at 4 miles, it's,
UAAESG j 0XQq8 0w fhAEI-AA BEOEAE Ohd AOBCEOAE T{gauhdv®h ) x|
X ood £O0 O AEAT CA O1 i1 AOEET Cd jowgs OAOOEAE/
logic; a hardstop warning at 500 ft when elevator authoritp@ groundspeed protections

1ETEO AOOOEAO Al OOAAOQEIT Og O31 EZ£ UI O AOA 11
AAAAOOA OEAU AilT O OEETE OEAO Ui 6 AAT 1 AEA O
Taken together, pilots proposed a tiered timeline: an early advisory at ~6 NM to prompt drag

or configuration changes, followed (if needed) by a nmegotiable gearound trigger near 1

000 ft.

Subtheme D.2 Nuisance Alerts and Trust ErosiotWhen the cue arrives late, or triggers
despite operational constraints, it not only fails to helfi can erode confidence.

1 Nuisance effect under load.P1 described scanning for a fault after an amber
OOOAAEI EUAG AOA AT A EETAETC T11TAd O) &£ UI
things going on at the same time and you get a nuisance stabilize indication, that
would be probably the worst case. Thgou try to check your parameterand you
AiT 0 ZEZET A A PAOAI AOGAO AT A EO I ECEO 1 AAA

| False hope and riskaking.! 1 AOA OOAAEI EUA AAI 1T AAT 00OC
EOQ] 6 joxqgh AT AT OOACET ¢ AOCé&dndhecSiénl EAOET ¢ E

1 Physical limits. Below 500 ft the flightcontrol system gradually restricts elevator
authority, making large pitcrorrODAAA AT OOAAOQET 1 O EiI b1 OOEAI |
OEi A6 j owQgs

1 Procedural limits. Controllers often clear jets to hold 170 kt until 4 NM, an ATC
practice airline AAAADPO ET OEAEO 1 AT QAT 6n AT U AT A
stabilization in airspeed may only be acceptafde! 4 # DOT AAAOOAO 1T O E
(P2).

When prediction timing and operational reality diverge, crews start to ignore the system
worse, fight it. Conversely, calibrating the horizon to giveal maneuveringnargin
(Subtheme D.1) directly reduces these nuisance triggers, reinforcing the trust loop
highlighted in the second themeséction6.5.2). In sum, time is the currency of action: give
pilots enough of it, and the assistant becomes a valued teammate; squander it, and the
message turns into noise.

6.5.5 Theme E: Operational context and learning ecosystem

This theme shifts the lens from the interface itself to the broader operational and learning
environment in which the Stabilized Approach Assistant would exist. Participants stressed
that a prediction tool can only succeed if it respects the-watld corstraints that generate
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unstable approaches and (equally importantly) if its outputs are recycled into personal and
organizationallearning loops. Two subthemes emerged:

Subtheme E.1 External Operational Pressuredilots identified a recurring set of factors
outside the cockpit that routinely load the aircraft with excess energy before the 1000 ft gate:
1 Ecoflying incentives. In the name of fuel burn and noise, crews may delay flap or gear:
0)i OAOI O T £ OOOOAET AAEI EOUR UT O OOU O1T O
xEEAE I ECEO I AAA Obp ET A EECE AT AOCU OO0OAGQ
1 Controllerimposed speeds. Pilots described occasions when ATC asked them to
6EAAD X¢od EO O1 OEI &£ 00 T EI AOGhd 1 AAGET C O
A£O OOAAEI EUAOEITT CAOA8 'O ow 11 O0OAA xEAT
but of course we have to be stabilized at 1 000 ft. So [th®@del T Oy OAEA O1 |
AT EOjJ 6 jowags (A 1 AGAO bl ET OAA OI OEA AEO
stabilization in airspeed may only be acceptable [if mandated by] ATC proesdr
ET OOOOAOQET T 66 jowgh EI 1 OOOOAOQEIT ¢ ET x AOAx
OAZAOU 3/008 o0x AAEI AA OEA DOAAOEAAI A/
operational perspective, often you get shortcuts with less track miles and that's why
yoO' OA ET OAOAADPOEIT ¢ UT OO 11T AAIl EUAO xEOE EE
These excerpts reinforce the idea that externally imposed speed or4natk constraints are
A O1 OOET Ah OUOOAT EA OiI OOAA T £ OAGOOA AT AOCU
predictive guidance or podlight learning the Stabilized Approach gistant aims to deliver.

Subtheme E.2 Postflight Analytics and EvidenceBased Training:Beyond the heat of the
approach itself, pilots framed the Stabilized Approach Assistantss&flight tutor;a source

of replay data that can transform one unstable episode into actionable practice goals for the
next. Pilots saw their greatest loAgrm value in replaying the Stabilized Approach
OPAOAEI Of AT AA86 4EEO iyl nstdble Approadhlindo/evidanizisedd O 01 O
training material. P2 compared the desired feedback to an instrumentasic coach who

ET OAOOAT AO xAl 1 AAAI OA OEA AET Al PAOMOI AT AA
3APOAT AAO8 EZA ¢+ Ay OAAAEAO il EOOAEDY BBSOBA B
have topracticd T T 1 U AT T AAT OBAQ@AITIOA OEIOCAR GOEBARDS AO.
speed, maybe.SoEl O | A EO8O i1 OA A OOAETETI C EOOOAG j

targeted, timeOEE £AO0AA AT AAEET Cq OAOEAO OEAT A CAT A«
granular, parameteispecific insights that can be reviewed shortly after the flight and turned

ET OT AT TAOAOA POAAOGEAA Ci1 AltrdevidehosbaedtdkinimigA 30d, O
91 06 1TTTE AOGO T A ATA UT O OAuh O(AUR r-pasedh UT O
OOAET EI Co6 jowQs

6.5.6 Integrative discussion

Taken as a whole, the five themes tell a consistent story: pilots welcome a digital

6 AOAxi Al ARO6 OEAO OPi OO AAOGAI T PEI C ET OOAAEI E
blends seamlessly with existing cockpit systems and euas only if the systen earns trust

by matching crew workflow and reavorld constraints.Utility hinges ontimelinesgTheme

D): a tiered horizom advisory at ~6 NM, hard stop nea®00to 500 ft gives crews genuine
maneuvering margin and curbs nuisance alerts that erode cenfié (Themes B and D).

Usability begins with perceptual design (Theme A): a traffght color code, prime PDF

Page b1



placement, and minimal but attentioigrabbing motionto ensure that the message is
noticed without adding clutter. Yet attention is only half the battle; cognitive economy
(Theme C) demands minimwmor singleparameter guidance, so pilots are spared a
scavenger hunt at peak workload.

Equally important isexplainability . Participants linked trust to a transparent, physicased

prediction model and to clear data inputs (wind, weight, drag) rather than opaque probability

OAT OAO j4EAT A "qs8 7EAT OEApildsOé€ntod herisevésO 1 1 CE
O1 1 OET ¢ OEA OAihdyare tdorehrieliaa fo QdkdpiOtE allVicé (i.e., there is an
alignment in mental models), whether as an-tlme-moment prompt or as posftlight

evidence for targeted practice (Theme E).-Raying speffic pitch- or speedOAT AOAA OAAC
in training settings after a flight turns isolated alerts into concrete learning goals, completing
avirtuousloop from realtime aid to evidencebased training.

Based on these limited and preliminary qualitative results, the Stabilized Approach Assistant
is judgedpromising but conditional. Its value materializes when four design commitments
are met simultaneously:

1. perceptually salient yet unobtrusive interface,

2. parameterspecific, workloaesensitive guidance,

3. prediction windows aligned with physical and procedural limits, and

4. transparent logic that feeds a broader learning ecosystem.
Fulfilled together,these facets position the assistant as a trusted, -pative teammate
rather than another cockpit warning system.
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7 Conclusion and Outlook

This sectioninterprets the results presented ineStion 6 with respect to the research

questions posed in Sectiofh Therefore, the following subsectiodiscusgs each research

question, based on the relevant data, as defined able3. Based on the conclusions drawn,
the final subsectiorcovers the outlook by discussing theecessary modifications to the
concept and potential next steps in the development of the SADA system.

7.1 Addressing the Research Questions
This section addresses, answers, and discusses each research questiorb{RQtrn.

7.1.1 RQ1: What is the relationship between pilots' perception of approach
stability and the SADA's perception of approach stability?

Although the quantitative data did not reveal a statistically significant correlation between

PEI | OOOOARGA® OOAAEI EOU OAOET CO AT A OEA 3! $
positive trend was observed (see Secti®3.]). This tentative alignment suggests a degree

of shared judgment between pilots and the SADA (particularly in etedrcases) but also

highlights divergence in more ambiguous scenarios.

)T OAOOEAXx &£ET AET ¢O OAET £ OAA OEEO PEAOOOA8 0
on how clearly its cues matched their own mental models of approach dynamics. Specifically,
participants stressed the need for parametspecific feedback (Téme B.1 Parameter

Specific Guidance), such as alerts tied directly to excess speed or pitch deviations, to

O1 AAOOOAT A AT A OAI EAAOA OEA OUOOGAI 860 100OPOO
accurate prediction risked being perceived as vague orelpfhl.

This perception gap may stem in part from how the machine learning model was trained. As

17T OAAhRh OEA 313$1 60 Al AOOEAEAAOETT 11T GCEA OAME A
data monitoring (FDM) thresholds. While such labeling supports bidiadetection of
poi 11 601 AARA ET OOAAEI EOUh EO 1 AU 1 EIEO OEA I11A

i.e., precisely the situations where pilots reported most valuing timely guidance. In essence,
OEA OUOOA iHaBedranhd Bkt TEOO T OODPOOO O1 xAOA OI A
which pilots already recognize unaided.

To better support human decision making, future model development should prioritize the
identification of preventable unstable approaches; those that could be stabilized with pilot
action following an early cue. Achieving this would likely require augnmgnthe training
dataset with dynamic performance metrics (e.g., energy state, drag potential, or aircraft
specific constraints) and revisiting the labeling logic to reflect not just outcomes but also the
recoverability horizon at the time of prediction.

While the current system shows early signs of perceptual alignment with pilot assessments,
deeper integration of pilot reasoning and cockpit context (both in interface design and model
development) will be key to bridging the gap between algorithmic judgrnend operational
trust.
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71221wd (1T x AT AO OEA 31s$! AZ£EEAAO PEITO
final approach?

The preliminary quantitative findings indicate a statistically significant and positive effect of
31'$! AOAEI AAErefdiied siiudtionBvizarehe€sQ@$A), & Ankeadired by the SA3
scale (Sectio®.3.4). This effect was consistent across all scenario types, suggesting a general
AATAEZEO 1T £ OEA AOOEOOAT O ET OODPDPI OOET ¢ DPEI I
approach. This consistency is notapgven that pilots rated the Base and Short intercept
scenarios as more difficult than Standard scenarios (see Sed&i8rf). These difficulty

ratings aligned with the intended scenario design and underscore that the observed SA
benefits were present even under higher operational complexity. While sample size
limitations and ceiling effects in the data prevent strong genewtian, these results

OA1T OAOEOGAI U OOPDPI OO OEA AOOEOOAT 060 AAOECI
approach window.

Importantly, the version of the SADA used in this study provided only binary;specific

guidance by flagging an approach as stable or unstable without identifying which parameters
contributed to that status. Despite this limitation, participants stidported increased SA

when the system was available, suggesting that even coarséned feedback may help

DOEI A PEIT O06 AOOAT OET1T O xAOA b1 OAT OEAT AAOQ

However, interview data clearly point to the potential for greater SA support through more
specific, transparent guidance. As captured in Theme B (Guidance Specificity and Model
Transparency), participants consistently expressed a desire for cues thatifidevhich
parameter (e.g., speed, pitch, vertical path) was trending toward instability. Pilots noted that
such specificity would allow them to move more quickly from detection to correction,
especially in highworkload situations; an observation echoed Theme C (Cognitive Load

and Crew Resilience). This kind of targeted support could enhance not only awareness of the
current state (perception and comprehension) but also forwhroking judgment
(projection), by clarifying the likely trajectory of the pmach.

While the current SADA implementation appears to positively influence SA, its impact may
be limited by the generic nature of its cues. The qualitative findings suggest that future

iterations offering parameteispecific, explainable alerts could further ehfh AA DEIT T OC
situational understanding (particularly under time pressure) thereby advancing the
AOGOEOOAT 660 Al OA AEI 1 £ O@&idyintnplexopetafionahi UL E
contexts.

71321Qd (1T x AT A6 OEA 31'3%$! AxEEAAO PEIT O
approach?

The quantitative results did not show a statistically significant effect of either SADA
availability or scenario type on sekported mental workload (MWL), as measured by the
NASATLX (Sectior6.3.3. While there was a descriptive trend toward higher MWL ratings

when the assistant was available, this pattern was not reliable and varied across scenario
OUPAOG8 )T OEA O3EI 006 OAAT AOET A AiITAEOQEII
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assistant slightly reduced MWL on average, though this reduction was modest and
statistically insignificant. Importantly, independent ratings of scenario difficulty confirmed
that pilots perceived the Short and Base scenarios as more demanding than Standar
approaches (Sectiof.3.2. This supports the scenario design assumptions and suggests that
the nonsignificant MWL variations across conditions reflect real differences in task
complexity. Overall, these preliminary results suggest that the presence of the SADA did not
introducea measurable increase or decrease in perceived workload.

From a design perspective, the absence of a significant MWL increase is nonetheless
encouraging. A key goal of the assistant was to support decision making during final
APDPOi AAE xEOEI OO0 AAAET ¢ O OEA AOAx3dQGat AT GCT E
the current implementation of the SADA, while basic in its guidance, does not appear to
overload the pilot during the higistakes final approach phase.

However, the qualitative findings reveal a more nuanced picture. Theme C (Cognitive Load

AT A #0Ax 2A0EI EAT AAQ #&0i1i OEA ET OAOOEAx AAOQA
influence workload (both positively and negatively) depending on its desigrparticular,
participants indicated that vague ornefe@ D AAE AZEA Al AOOO j OOAE AO OE
cue) can be counterproductive under high workload. When pilots are already managing
multiple concurrent tasks (e.qg., flaps, glideslope, ATSrnctions), a generic alert can trigger

A OOAAOAT CAO EOI 06 &£ O OEA OI 1T O6 AAOGOAR 111
DPAOOEAEDPAT O 11 OAAh QUi O TAAA OEOAA 11 OA OAAI
time may not be available during a fastolving approach segment.

Conversely, pilots described how parametgrecific guidance would offload cognitive work

by pointing directly to the most relevant issue (e.g., excess speed), allowing for faster and
iTOA AT 1T EEAAT O AT OOAAQGEIT 18 4EEO edbspdcialyy £ 0O/
valuable in scenarios involving high tempo or limited monitoring capacity, for example, when

the pilot flying is headslown or the pilot monitoring is engaged with external tasks.

These insights suggest that while the current implementation of SADA does not appear to
elevate workload, its potential tactively reducMWL may be limited by its lack of specificity.
Future refinements aimed at minimizing cognitive overhead, particularly under {ime
constrained or higHoad conditions, could include singfgarameter alerts, more intuitive
visual cues, or integration wittaskrelevant monitoring logic.

The assistant's current design seems worklaagltral, meeting its design aim of avoiding
undue burden, but greater gains in workload relief may be achievable through more precise
and contextsensitive alerting strategies.

7.1.4 RQ4: What is the effect of the SADA on garound compliance?

Due to the limited number of unstable approaches and an even lower incidence of actual go
arounds, a quantitative analysis of gwound compliance was not feasible within the scope
of this simulation study. Only one recorded-goound occurred during an @gpoach that was
flagged as unstable by the assistant. In this case, the pilot noted in the-questario
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NOAOOEI 11 AEOA OEAO OEA AAAEOEIT O ¢C¢iI AOI O1 A
to [ensure] and execute the gd OT OT A6 j 0XQq8 4EEO Aiii AT O O006CC
act as a reinforcing cue in marginal or highcertainty cases, helping piis align their actions

with standard operating procedures. Notably, pilots rated the more demanding Short and

Base intercept scenarios as representative of situations they encounter in real operations
(Section6.3.2), adding ecological validity to both the observed-gmund and the broader

set of qualitative insights gathered during these highemplexity runs.

Qualitative interview data reinforcgthis interpretation. Participants consistently indicated

that a tool like SADA could improve gground compliance by legitimizing the decision to
discontinue an unstable approach. As discussed in Theme D (Timing and Predictive
Windows), pilots stressed #t late or vague cues are less useful and may even encourage

OETI PAEOI 6 AT 1 OET OAGEIT 18 (1 xAOAOR xEAT Al AOOC
OEAU AAT OEEZEO OEA DPEI T O8O tiok Whichi& partic@arlyi OAI
important in high workload or ambiguous situations.

Further, in Theme B.2 (Transparency and Reliabilggyticipants discussed that garound
AAAEOCEI T O AOA AAOGEAO O EOOOEAU xEAT OEA OU
reasoning. A model that surfaces energgiated instability early and does so with credible

cues (e.g., based on wind, drag)o AT T AECOOAOEIT T OOAOAQ AAT EAI ¢t
reduce hesitation. In this sense, the assistant is not just a detector but becomes a cognitive

ally that supports confident, timely compliance with safety protocols.

OEI T OO0 Al O OEAxAA OEA A O OffightdeArhing.cAOhigblidnte® A OE O
ET 4EATA % j/ DAOAOEIT ATl #1171 O0AgO AT A , AAOT ET ¢
reviewable data could reinforce garound criteria through evidenebased training. Even in

cases where a garound is not executed, reviewing why an alert occurred could strengthen
decisionmaking strategies in future flights.

While the current dataset does not allow firm conclusions about the effect of the SADA on
go-around rates, early qualitative evidence suggests that the assistant can positively
influence goearound compliance, not by forcing decisions, but by reinforcing piO O 8
situational judgment in reatime and after the fact. Future studies with larger samples and
more gcoaround scenarios will be needed to quantify this effect more rigorously.

7.1.5 RQ5: What is the perceived usability of the SADA system?

Postsession questionnaire responses indicate that the SADA system was generally perceived

AOG OOAAI Ah OAAAEOET ¢ OAT OAO EIT 6.9.BVhilengtédi Ao OA
Au OAi PI A OEUARh OEEO AAOI U AOGEAAT AA OOCCAOGO
Ei pi Ai AT OAGETT AT ECT xAil xEOE DEI 10608 AGDPA,
assessment of usability was given after pilots had congalea range of scenarios (including

Short and Base intercepts) that were rated as more demanding yet operationally realistic
(Section6.3.208 4EEO AAOOET 6001l U OOGCGCAOOO OEAO OEA A«
that imposed greater task complexity, enhancing the credibility of the overall rating.

Qualitative feedback from the postession interviews provides richer insight into the

DAOAAEOAA OOAAEI EOU 1T £ OEA OUOOAI 8 0EIT OO AE
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cockpit workflows, especially the use of established alert hierarchies, intuitive color coding,
and central placement on the PFD, as captured in Theme A (Interface and Alert Design).
These design features were discussed as contributing to perceptualyckrd ease of use
without adding unnecessary distraction.

However, usability was also shaped by how effectively the system communicated its
reasoning. Several pilots requested that the SADA provide more paranrsgecific
COEAAT AAh 11 OGET ¢ OEAO A CAT AOEA OOOAAEI EUASG
particularly under time pressure (see Theme B.1 and Theme C). Some suggested that
indicating the problematic parameter (e.g., speed or vertical path) could help confirm the
validity of an alert or dismiss it more quickly in the case of false positives bNotane pilot

who experienced a likely nuisance alert stressed this point, arguing that specific feedback

would have enabled faster diagnosis and resolution.

That said, opinions varied: others expressed concern that increased detail might clutter the
display or distract from primary flight tasks. This tension highlights a broader usability trade

off between simplicity and explainability. A potential solutiomjged both in interviews and

prior design discussions, is to offer pHsglectable detail, allowing additional information to

be toggled on demand. While promising, such an approach would need to be carefully
AOGAT OAOGAA OI AOI EA CGurrdsréngthsET ¢ OEA ET OAOEAAA
I OAATTA OAAOOOEI ¢ OOAAEI EOU AT 1TAAOT EITOITIT O/
frequently noted that the 4 NM cue came too late to allow meaningful corrective action

during high-speed approaches, a point captured in Theme D.1 (Prediction Horizon and
Actionability). In contrast to the user research data collected for Deliverable [RBvehich

informed the specific implementation of the SADA, current participants proposed moving

the advisory point to ~6 NM or linking it to localizer intercept or height above field elevation.

These suggestions reflect a desire for cues that align bettdr agtual maneuvering margins,

thus highlighting a key intersection between usability, trust, and operational relevance.

Finally, these findings echo conclusions drawn under RQ1, where model training was
EAAT OEAZEAA AO A 1 EIEOET C ZAAOI O ET OEA AOOEO
preventable instability, both the machinkarning model and its prediin trigger logic may
need to be reoriented toward earlier, actionable thresholds, even if this comes at the cost of
lower precision. Ensuring that such changes do not degrade usability will require ongoing
balancing between information richness, timingagacy, and interface simplicity.

4EA 31$1 60 AAOI U OOAAEIEOU EO DPOTITEOEITCh ¢O
(T xAOAoOh AO DPEIT 006 AEAAAAAAE 1 AEAOG Al AAOh
feedback, and customizability will be important to ensure that usability is pre=# even as

functional complexity grows.

7.2 Outlook

The study presented in this deliverable report marked a significant step in the maturation of
the Stabilized Approach Digital Assistant (SADA). Building on the Unstable Approach
Prediction Model developed under SafeClouds.eu, Task 4.2 of the SafeTEAMctproje
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successfully integrated and evaluated the concept in a Hidhlity research simulator,
AAiT1 OOOAOET ¢ OAAET EAAT AEAAOEAEI EOU EIT A OA
Technology Readiness Level (TRL) advanced from 4 to 6.

Beyond this milestone, the study provided encouraging evidence that the SADA can support

key safety and decisiomaking goals. While quantitative dataemained limited, the

assistant was associated with improved pilot SA across diverse scenario types and was
perceived as usable and walitegrated with cockpit workflows. In the one observed-go

AOil OT Ah OEA OUOOAI xAO AOAAE GAdintewiewXéedoack ET £l O
suggests that the SADA could meaningfully support@@und compliance ¥ legitimizing

action in highuncertainty cases.

Importantly, scenario difficulty ratings confirmed that the Short and Base intercepts used in
the study were perceived as realistic and demanding, lending ecological validity to both the
pilot feedback and system performance under test conditions. Thabigga and perceived

SA benefits held up under these conditioménforceOEA AOOEOOAT 086 0 POAAOE
At the same time, the study identified clear areas for improvement. While the current system
issues its advisory at 4 NM, this was often perceived as too late for effective intervention,
especially irigh-speedapproaches. Pilots recommended an earlier cue: at 6 NM, at localizer
intercept, or based on height above field elevation. Supporting such changes will likely
require updates to the Unstable Approach Prediction Model, particularly its training and
labeling strategy. Incorporating physicallyinformed labels that distinguish between
preventable and unpreventable instability could not only improve predictive utility but also
align the system more closely with pilot reasoning, thereby improving trust.

The study also highlighted a potential enhancement to the HMI. Although the interface was
generally well-received for its familiarity and salience, one observed nuisance alert
underscored the need for optional paramet&D AAEAEA MEAAAAAAES - AEE
underlying reasoning visible, such as highlighting speed or glidepath as the cause for an alert,

could reducecognitive load and improve diagnostic efficiency. While earlier discussions had
rejected this feature, the current results suggest that a psetectable reasoning display

might offer a practical compromise between simplicity and explainability.

Participantsidentified longO A Oi  OAT OA ET OE A -flighOi€afnidgidol By6 O O1 |
enabling evidenceébased reflection on approach dynamics and stability cues, the SADA could
contribute not only to inthe-moment support but also to a broader learningosgstem to

reinforce safety margins over timé&Vhile we feel that additional tests in the simulatto

gathermore pilot feedbackare needegand indeednustbe done there is sufficient evidence

to support the findings in thiseport. Conservatively, the TRL of assisted landings has been

taken from TRL4 to TRLGN airplane manufactureor supply chain providewould be an

ideal recipient othe technology developed ithis publicly fundedproject.

In summary, thesdindings point to a cleapath of development With refinements to

prediction timing, training methodology, and interface flexibility, the SADA can evolve into
a proactive, pilotaligned assistant that not only detects instability but also helps prevent it.
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Appendix A $AOA #1 11 AAOGEI T - AOAOEAI
A.1 Post Scenario Questionnaire

Post-Scenario Questionnaire

* Please select the Scenario

Was the Digital Assistant Activated?
() Yes

) Mo

Stability Self-Assessment

How would you rate your approach stability in this scenario?

Consider values from 0 to 0.4 as unstable, 0.6 to 1 as stable, and 0.4 to 0.6 az a grey zone.
Mowve the slider or accep! the initial posifion.

Completely Unstable Completely Stable

< il >

0 1

If self-assessed below 0.6 (not stable); which of the following factors confributed most to instability?
| Speed
[_| Glidesplope Deviation

Sinkrate

Flap Configuration

Gear Configuration

Localizer Deviation

|:| Other (please speacify in text field below)

Other factors contributing to instability:

A

Please briefly explain the primary reason(s) for your rating above.
A

Please briefly explain the primary reason(s) for your rating above.
A
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Scenario Difficulty

Owerall, this task was?
Move the slider or sccept the inifial posifion.

\ery easy Wery difficult

]
< ® >

* How often does something comparable happen to you during work?

() Mewver

() Rarsky

() From time to time
() Frequently

() Very often
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Workload

How mentally demanding was the task?
Move the shder or accept the iniial position

\ery Low ‘ery High

10
£ . *

0 20

How physically demanding was the task?
Move the shder or accept the inibal position

ery Low Wery High

10
¢ e——) >

0 20

How hwrried or rushed was the pace of the task?
Move the shder or accept the inibial position

ery Low ‘ery High

10
¢ ol »

0 20

How successful were you in accomplishing what you were asked to do?
Move the shder or accept the iniial position

Perfect Failure

10
< ® >

0 20

How hard did you have to work to accomplish your level of performance?
Move the shder or accept the inibal posiion

\ery Low ‘ery High

10
¢ e——) >

0 20

How insecure, discouraged, irritated, stressed, and annoyed were you?
Move the shder or accept the inibial position

ery Low ‘ery High

0]
< . »

0 20
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Situation Awareness

My observation of critical information:
Mowve the slider or accepf the initial poszifion.

Missed important information Identified all needed

< —ﬂ >

1 11

information

My understanding of what was going on:
Mowve the slider or accepf the initial poszifion.

DOid not make sense to me Fully understood

< —ﬂ >

1 11

| could look ahead, and foresee what was going to happen:
Mowve the slider or accepf the initial poszifion.

Could not predict ery accurately

< —ﬂ >

1 11

A.2 Post SessionQuestionnaire
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SafeTEAM Post Session Questionnaire

Usability

I think that | would like to use this system frequently.

Move the slider or accept the initial position.

Strongly disagree

]
‘@
;

| found the system unnecessarily complex.
Move the slider or accept the initial position.

Strongly disagree

[+
<@
1

| thought the system was easy to use.
Move the slider or accept the initial position.

Strongly disagree

2
<@
,

Strongly agree

Strongly agree

Strongly agree

| think that | would need the support of a technical person to be able to use this system.

Move the slider or accept the initial position.

Strongly disagree

]
‘@
y

Strongly agree

| found the various functions in this system were well integrated.

Move the slider or accept the initial position.

Strongly disagree

9
‘@
y

Strongly agree



| thought there was too much inconsistency in this system.
Move the slider or accept the initial position.

Strongly disagree Strongly agree

[0
<@ >
1

| would imagine that most people would learn to use this system very quickly.
Move the slider or accept the initial position.

Strongly disagree Strongly agree

(1]
<@ >
1

| found the system very cumbersome to use.
Move the slider or accept the initial position.

Strongly disagree Strongly agree

1]
<@ >
1

| felt very confident using the system.
Move the slider or accept the initial position.

Strongly disagree Strongly agree

7]
<@ >
1

| needed to learn a lot of things before | could get going with this system.
Move the slider or accept the initial position.

Strongly disagree Strongly agree

(]
<@ >
1
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A.3 Post-Session Interview Guide

A.3.1 General Recommendations

1 Use Prompts and Followp Questions: If participants givahort or vague answers,
encourage them to elaborate by asking questions like:
o#1 O A Uil 6 OAIT 1T T A i1 OA AAT OO OEAOGed 10 O
1 Ask OpenEnded Questions: Encourage richer, more detailed responses by avoiding
yes/no questions.
1 Prioritize Key Topics: If time is limited, focus on your primary research questions,
e.g., Workload, Communication, Decisidiaking, and Trust. The rest topics are
optional if time allows.
1 Encourage Specific Examples: Ask participants to describe concrete situations to
anchor responses in concrete experiences. For example:
o#1 O A UI O Al E A OEOI OCE xEAO EADPDPAT AA

A.3.2 Questions

A list of questions to guide the seratructured interview,organized by topics / dependent
variables.

Communication

T 1xqg O! £#OAO OEA 3$! 1 AOOACA APPAAOAAR AEA U
you communicatec either withyourcePET T O 1T O xEOE ! 4#¢e0

T 1wd O$i1 Ui O OEETE OEA $180 AIl AOO 1T O ET AEA
OiTTTAOh 1T AOAOh T O ET A AEAEAOAT O xAU OEAI

1 1Qd O#Al Ui O OAAAIlT A OPAAEAEA EIT OOAT AA «x
conversation or coordination between you and yourR&E 1 | Oe 6

1 FollowObd O$EA UI O Z£ZET A OEAO EAI PAEOI 10 AEOC

Teamwork and Coordination

1 1Xd O(ixh EAZ AO All h AEA -phEdvidéitaskddr OAO OEA
OAOPT 1 OEAEI EOEAOe6

T 1wd O$EA OEA $! AOAO AAOOA Ai 1 AOOEI 1T AAT O
Al ACEZEZU UT OO0 TA@O0 OOADPOed

1 1Qd O) £ Ui O EIi Adnkdsdl ho® 8oryal thihk it niight influbniceC
i OOOAT COEAT 10 xAAEAT q OAAI x1T OE AAOxAAT b

T o1l OOEAT A POIiPpOg O#1 O A EO ETEEAEO UI 60 O
IO TECEO EO EAI b OAET &£ OAA OEAi ed

Workload
1 1Xd O/ OAOAIT T h xT1 Ol A Uindbtal @drkibaddrEdficeditt or ET AOA A
AEAT 60 OAAT T U AEEAAO EOe #A1l UIT O OEAOA A
1 1¥wg O7AOA OEAOA 111 AT OO0 xEAT Ui &6 £A1 O OEA
did it add more tasks (e.g., verifying ordoubleE AAEET ¢ EOO Al A0OQed
1 109 O7EAT Ui & OAOGAA Ui 6O x1 OEI T AA AEOAO A
i ETAe j 00T AA £ O PAOAAEOGAA AT i pl AGEOURh OE

Situational Awareness
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1 Lower priority, but may yield interesting anecdotes
T 1Xd O$EA OEA $! [ AOOACA AZ£ZZAAOR ET AT U xA

AOOET ¢ OEA ADPDPOI AAEed ) & UAOGG O#1 O1 A Ul O
T 1wd O$EA OEA $! EAI D UI O POAAEAO AOOOOA A
APPOIl AAEQh T O AEA Ui O OOGEI1T 110061 U OATU I
1 109 O#A1 Ui O OAAAI1T A OEIi A OEA $! EECEI EC
1T OEAAAe (1 x AEA OEAO OEAPA UI OO0 AxAOAT AC

Problem-Solving & DecisionrMaking
T 1Xg O$SEA EAOEI C OEA $! AEAT CA-®lri x UT O APD
AgAi b1l Ah AAAEAET ¢ xEAOEAO O1 AiT1OETOA TO
1 1¥wg O$EA UIT O E£ETA UI OOOATI £ OOEI ¢ 1 OEAO Al
xEAT OEA $! xAO DPOAOAT Oeo
1 1Qd O4 E E-tefinB ld€you skd afy risk that relying on such a tool like this
could lead to pilots gradually losing some skills or expertise over time? Why or why

IT1T Oed
T 11 j EA£ OEI A Al11x0qqg 07101 A Uid6 O6AU OEA O
ownership over problerOT I OET Ce 6
Usability i
T 1Xd O(Tx xi Ol A Ui 6 AAOAOEAA OEA 1T O6GAOAIT 1T O

Al AOEOUh bl AAAT AT Oh OEIETC 1T &£ OEA 1 AOGOACA
T 1vg O7AOA OEA OEOOAI ADBAO jAIIIOh AT Oh 1
$EOPI AUh T O AEA AT UOEET C EAAI EAOO O1 Obi
1T 104 O(ix AEA Ui O AAAI AAT OO OEA OEIEIC TA
too late, or about right for your decisish AEET ¢ AOOEIT C APDPOI AAEeo
T 119g O) & UI O AT O A AEAT CA TTA OEET ¢ AAT OO
AEODPI AUAAh xEAO x1 OI' A Ul O AEAT CAeod

Human-Autonomy Teaming

1 QuO" A&l OA OOET ¢ OEA $!h xEAO 1 AOAI 1T & OEI
AO0T 1T EOe S$EA Ul 0O AQDAOEATAA i AOAE OEAO A

T 1wd O)1 AT EAAAT MEOOHBOAR xT O1 A UT O POAAEAOC
1EEA A OOAAI T AOAS j POT OEAET C OOCCAOOEIT Oh
iTOA 1TEEA A OEiIi PI A Al A0OOe 7EUegO

T 1Qd O! OA OEAOA 1T OEAO xAUO Ikémdialitkes (auBid6 O1 A CA
signals, haptic feedback) or forms of feedback? Would those feel helpful, or risk
AAET ¢ AEOOOAAOQOEI ¢ ET OEA AT AEPEOeb®

Trust (Reliability & Agreement)

1 1Xd O7EEAE AAAOI OO AT 1 OOEAOQOAA 110606 O EI
i 8Cc8h DAOAAEOAA AAAOOAAUR UT OO0 1T x1 Ag@gbPAC
T 1¥wg O$SEA OEA $! OAAI AT 1 OEOOAT O AAOI OO AE

A N~ oz oA

A 01T A EO 1 A0OO 00000Ox1 OOEUEg6
1 109 O7EAT UT & AEOACOAAA xEOE OEA $18680 AOO

discrepancy? Did you completely ignore it, ordouBlea AAE UT OO 1T x1 1 AOO
1T 10 jEA OAl AGAT1OQd O) £ UT O EAA 11T OA OEIA I
Ul 00 000600 1T 0 OATEATAA 11 EO x1 OI'A AEAT CA
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AppendixB OEI T O )1 & Oi ACEITT , AA&EI AO

B.1 Overview

SafeTeam, SafeHumandigital assistanfTeaming in the advent of higher levels of
automation in aviation"js an Innovation Action (IA) funded by the European Commission
under HORIZONCL52021D6-01-13 Theaction is coordinated by Innaxishe Consortium
further includesAESA (Spanish Aviation Safety Agency), Technical University of Munich,
DataBeacon, ONERARISE(Research Instituteof Sweden) PegasudAirlines,and UK CAA
International as associated part

The project was launched in June 2022 and is now entering its final phase, the
simulator evaluations. In the preceding work, we designed and implemented a machine
learningbased, unstable approach prediction system into the Institute of Flight System
$UT ATEAOG OAOAAOAE OEI OI AOT 08 )1 OEA DI ATTAA
Ca® Study, we aim to evaluate this system based on pilots' feedback
Therefore, we plan to:
1 Perform simulator exercises with airline pilots, flying several approach scenarios
with and without the developed assistant system
1 Evaluate the approaches based on pilot feedback and the maele@ming
algorithm
1 Compare the pilots' perspectives with the machilearning results to understand if
there is a common situational assessment of the approaches
9 Collect pilot feedback on their experience in the simulator and how the assistant is

designed

In the following, we provide a more detailed explanation of the simulation exercise and the
simulator itself.

The goal of the simulation exercise is to evaluate the machine leasbased, Stabilized
Approach Assistant. Therefore, we will record data before, during, and after the simulator
exercises. You will find a detailed explanation of which data we will decas well as a
Consent Formwhich participants need to sign if they want to participate in the simulator
exercise.

In addition to the data we need to record, we would like to video record the simulation
exercise as redundancy in case we miss something in the protocol/minutes. We are aware
that some people are not comfortable with video recordings. Therefore, we wiyl video
record the simulation exercise if you consent explicitly /-optThe details are explained in
the section:Data we will record
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B.2 Simulation Exercise

Duration:~h

Venue: Technical University of Munich, Institute of Flight System Dynamics, Boltzmannstr.
15, 85748 Garching

We will ask pilots to fly various instrument landing system approaches (CAT I) with changing
external parameters regarding air traffic control specifications and environmental effects
(e.g. speed constraints, wind). Relevant approach charts are providedlemnautical
Information Publication The digital assistant will be available in half of the scenarios.
Whether the assistant will be available in the first or second half will be determined by chance.

We will conduct a short questionnaire after each approach. Furthermore, in a post

session discussion, we want to discuss the overall usability and the HMI concept of the digital
AOOEOOAT 08 7A x1 O1 A Al Odssessidntiof tii@lappddcth vtiteA OE A
i AAEET A 1 AAOT ET ¢ 11 Adbitabfiight da@nbraddinglassésmbnit & A A
OEA ADPDPOI AAE OOAAEI EOU O O1 ARAOOOAT A EA OEA
with the human situational assessment.

B.3 Research Simulator

The simulator is based on the Dornier DO 728/92%mwered regional airliner developed by
FairchildDornier. The flight model resembles the performance characteristics of the DO 728,
a monoplane design with fixed wings in low wing configuration and twgires mounted
under the wings.

The research simulator is a fixdhsed design with a higfidelity visual system and terrain
database. The cockpit features two side sticks, rudder paddles, two thrust levers, a gear, a
flap, and a speed brake leverhe simulator provides common autopilot and atfforust

modes which are selectable on a flight control unit (FCU). However, many systems known
from contemporary airliners are not installed, such as Flight Management and Guidance
System (FMGS), Traffic Alert and Collision Avoidance System $JG#d predictive wind
shear system (PWS). The overhead panel consists of a touch screen used for the simulator
operation.

During the simulator exercise, a researcher is available on the other pilot seat to assist the
pilot with configuration changes, FCU settings, etc. The basic aircraft performance
parameters and weather information are provided Rre-flight Information. As there are no
standard operating procedures defined for the research simulator, pilots are requested to act
according to their operator policies and procedures.

However, as there exist inconsistent, unstable approach definitions across airlines, we define
a stabilization gate at 1000ft AAL for each approach to enable comparability of approaches.
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B.4 Data we will record

Non-optional: We collect data infour ways: questionnaires, flight data recorded in the
simulator, protocols/written minuteand postession interview audio recordings

Optional: If you consent separately to the poptional data recording, we would like to video
record (incl. audio) the simulation exercises so that the recorded material cacobsuked
during the evaluation of the simulator exercises. The records servedmadancy in case we
miss documenting something in the minutes or protocols. The videos will only be used to
complement the minutes in text form. Thideos will not be publishedand will bedeleted

after the evaluation of the simulator exercisand no later than 30.06.2025project end).

The following providegxamplesfor each of the ncoptional data collection methods:
1 anapproach seHassessmentin a questionnaire, we will ask you to sa$sess the
stability of an approach, including possible factors for instability.

Stability Self-Assessment

How do you rate your approach's stabiliy?

Consider values from 0 to 0.4 as unstable, 0.6 to 1 as stable and 0.4 to 0.6 as grey zone!
Move the slider or accept the initial position.

Completely Unstable Completely Stable

0 1

< >

Figure 30: Example Question in Questionnaire
1 relevant parameters determining the stability of an approach from the simulato
e.g.Speeds, Configuration, ILS deviatidns # 1T AEPEO )1 pOOOh 8
9 During the exercises, we will write minutes for later analysis. B.the summarizing

ndcaed Ar Spesd ki)

Figure 31: Example of Recorded Data in the Simulator, Indicated Airspeed and Targ
Speed Deviation, depending on the Distance to Threshold with stabilization criteria ¢
red box.

interview, we aim to discuss the usability of the digital assistant based on your
perception during the simulator exercises

|l

B.5 Anonymization of Data

We need to record personal data in the consent form, which contains your name. However, no
personal data will be recorded in the questionnaires, minutes and simulator data. We will not
link your personal data from the consent form to any recorded datilisthe section above.
Therefore, we ask you not to state the date of the event in the consent form.
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The interview audio recordings will be transcribed and fully anonymized.

B.6 Use ofrecorded Data

We plan to use the recorded data to generate results of the following:
1 Graphically visualize approach properties (see Eigure3J),
i Statistically analyze the data (as recorded in the questionnaires Feggire30),
1 Qualitatively evaluate the written minutes and questionnaire results.
1 Compile and evaluate the interview transcriptions.

The results of the simulation exercises will be part of a deliverable report to the European
Commission and potential scientific publications.

After a review from the EU, the report will be published on the CORMHB Research Results
website https://cordis.europa.eu/project/id/101069877/resusisd potentially published
conference proceedings or journal papers. Excerpts from the interview transcriptions may be
included in anonymized form.

B.7 Non-Optional Consent

1 | have been told why the study is being done, how information is collected and used.

1 | have been allowed to ask questions about the study before it takes place, and know
whoto contact if | have further questions.

1 | know that my participation is voluntagnd anonymous and that | can cancel my
participation at any time.

1 | agree to participate in the study.

Place (no date):

Signature:

Name of participant in block letters

B.8 Optional Consent for Video Recordings

9 I further agree that the simulation exercise is video (incl. audio) recorded only for the
purposes stated in the sectio@ata we will record

Signature:

Name of participant in block letters:
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B.9 Pre-flight Information

Metar EDDM 080/08 030V330 9999 FEW026 SCT035 BKN048 12/04 Q1020

This table comprises a guideline to the basic aircraft performance parameters (pitch/power
values vs. aircraft configuration):

Speed (kts) | Pitch (°) |  Power N1 (%) | Config
Reference5000 ft 12 NM final
250 2,0 64 clean
210 3,5 60 clean
170 3,5 62 Flaps 1
170 1,5 61 Flaps 2
Reference3° GS
160 -1,5 34 Flaps 2
Vappl27 -0,5 48 Flaps full
Gear down
Config Flaps 1 Flaps 2 Flaps 3 Flaps full
VEeE 217 183 163 151

Page B5



B.10Aeronautical Information Publications

From: https://aip.dfs.de/BasiclFR/pages/C004BD.html
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Correction: Callsign, obstacles revised.

Page B9

LUFTFAHRTHANDBUCH DEUTSCHLAND
AIP GERMANY

AD 2 EDDM 4-2-2
Effective: 28 NOV 2024

INSTRUMENT MUENEHENATIS 123.130 s MUENgHENGROgND 121.530{3} ELEV 1487 MUENCHEN
APPROACH MUENGHEN ARRIVAL 132308 (9) e APRON 2 7a0 | OCHRELATEDTO  varze  ILS CAT Il & lll or LOC
CHART - ICAO MUENCHEN TOWER 120505 (S) 121930 | THROBR ELEV 1488 RWY 08R
[ I | 11 L T 1 | [ I I [ | | I [ T I
I 77 T A A P ANt
[ 4 % — / ‘

: / ED-R 147 1611 2182 —.
K m = N7 ﬂ :
| T =2l /////// 3700 2 e 2197 -
- LDME REQURED. “r WHEN RUNWAY VACATED. e i )
|- BEARINGS ARE MAGNETIC CONTACT GROUND. ! - 1766
| ALTITUDES ELEVATIONS : A

AND HEIGHTS IN ft - . 2 -
L I he3aa 2089 ]
B 20 9307 i R 2‘2,?,\;8 _

" 411 R A .
T B yars M8, 275 - 10 NM — 1703 430—
0 'K e LANDSHUT 0
= 2264 R A ) ]
_ 2256 yd 32133 . -
~ 1739 =T ) 7
| : DME ~ _
B MUENCHEN MUENCHEN —
Becen | CH 97 X DMS 338 MNW MSA
B 11.0 DME 2342 270ME | “(115.00) g from -
IMSE IMSE | .o .. | 1601 : _
B 1.9 DME | ILS/D 3.6 DME A MNW NDB
— 1766 MAISACH ! 10030 e WS ' 3700 25NM

: 115.20 MAH CH30X, 1.0 DME Eastof WS or |
[ g0 cH gs ! 207 - "-... 1900, whichever is later | - 4
(o Lo \ ® "
L & o “BODMEMAH  41DME  “jyep - 152 I \ -
|/ 1350MEUMS IMSE 4 § DME =5 ~

-- Gul—, — —S00ME g —— 7

—n o A DMS —_— |
| RMZ— GNE \-‘i\‘ . ]

T TR0 A
- UBERSDHLEISSHEIM Q }’@ 53 ! ) \ 40 /7 * OPERATIONAL FL. —
L < g mau ?\*9,?3 £ y |
A-2379 \l 53 [~ R ooy = i
[ o0 v - ’}\H"‘zm i s«zmm" L o ot a
| "~ . 1762 = *s i P

1o / 28 5000 (FL0") %), \ 2104 v
- 263; piast [B Y. IAF/MAHF -

A 50 1 au‘«.s K% .-* | OTTERSBERG h
225/ penpren (FL80%) % 2088 /2 ; U‘ ohe | 11230 0T
|/ 2143 sl CH 70 X
é —_—— = 25834

ED-R 11500 000 18 5000 23 |
[~ FL430
[~ GND 2232/ Km.mfm?.?.....5....'?....1.5....2.0 X 1830 N
B zssn»ﬂ/ WM P ———————— 2666
w 3210 2 4 [ 8 1m0
2 i 20 1 10| 4 110 50 122 00y 1210 120] 20
—r\tlsf 2‘1195 ||I|||||||||||||||||||||| 13“|||||||||||||||||||-|--.——
(FAF LOG-DVE) MISSED APPROACH PROCEDURE
BEGEN 41 DUE SE or 1000 wnghever s
11.0 DME IMSE 5.0 DME DMS 1900, I
from 11.9 DME DMS " (LOC-DME) RT, direct to OTT DVOR/DME climbing 5000.
W oI | | 2.7 DME IMSE
5000 — ® | 3.6 DME DMS 0c
(MAPt LOC-DME)
5000 ! \Gpamﬁ | | 0.7 DME IMSE
4000 | 08p 2 | 1.6 DME DMS
| o | | | DME .
00| | | | mlsi g:g ILS RDH 55
| 2?301 | | | __.____,..--"
2000 | | | 2340 | [
1 1 1 L L L
1000 — PH[IFI!_E SGALF ! :259 000 T T T T T T T T T 1‘1'85 T T T T T 1
NM 14 13 12 n 10 9 8 7 [ 5 4 3 2 1 o 1 2 3 4 5 B NM
0CA (0CH) A B ¢ " , DME IMSE 0 98|76 |5][a]3]2]1
Soweoar | 1628 1 Te | e 557 DIST THR 98 |88 |78 |68 |58 |48 |38 | 28| 18 |08
(142) | (152) | (162) (171) ALTITUDE 4660 | 4340 | 4020 | 3710 | 3390 3070 | 2750 | 2430 | 2110 | 1800
ILS/DME CAT I ‘tggf 1[?,3}5 1{3219 ‘tggf Timing not authorized for defining the MAPt,
LOC-OME 1880 1880 1880 1880 GS kt 80 | 100 | 120 140 | 160 | 180
(390) | (390) | (390) | (390) 11.0 DME IMSE - THR (10.9 NM) |MIN:SEC | 8:11 | 6:32 | 5:27 | 4:40 | 4:05 | 3:38
Rate of descent (5.2%) ft/MIN | 420 | 530 | 640 | 740 | 850 | 960
CAT Ill APPROVED (MNM RVR 75M).
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C.1 Thematic Analysis LLM Coding Prompt

091 & AOA AT  Argcbakcted with éxtehsiieOekp@riedzd in thematic analysis.

Please generate as many initial inductive codes as needed from the provided interview
transcript, capturing semantic and latent meanings. Code only the responses from the
participant ("pilot”). Ignore the interviewer's ("researcher") comments. Each codelgh

include: a short name, a2 sentence description, and3Lsupporting quotes (max 40 words

each). Only use quotes specifically by the participant, not the intervicde OAAOAEAO8 $
rearrarlCA NOT OAOh AOO OEI OOAT OEAI EZ£ 1T AAAAA j O
maintain quote clarity and conciseness.

Output the results in an Excel spreadsheet with columns for Code ID #, Code name,
Description, and Quote (with quotation marks). In cases of multiple relevant quotes for a

AT AAh OAPAOAOA NOT OAOG xEOE Al il AOG86

C.2 Thematic Analysis LLM Code Reconciliation Prompt

pf K 210We GaYeTl W a

- An Excel file with LLMyenerated codes, descriptions, and quotes from multiple

interview transcripts (indicated by participant ID #).

- One or more .pdf transcript files corresponding to participant interviews with my own

margin comments (initial impressions or interpretive notes). Each LLMelected quote

in the Excel file is linked to a participant quote in the corresponding transcript.

Please:

Match each LLMidentified code, description, or participant quote in the Excel sheet to

my margn comments from the .pdf document(s). For semantically matching items, add

G! W21 AeqROGWacl DRUOUWAYAGGWUqocUUYqcecqRYULq Y Wad6 13
item, fill out the column called "Agreement? (Y/N/Partial)" based on semantic alignment

between the LLM code/description/quote and my margin comment.

fnWf k 20WHEYGAGN0qUTl WRUOWq6é WWae!l DROWY UWe Wt 130G 13Uq
a new row with:

- Code: a short code summarizing the comment (use my margin comment content and

the quoted section toformulate an appropriate/relevant code name in the same style as

the LLMgenerated code names)

- Quote: the quoted transcript segment (participant commentr not my margin

comment, nor the interviewerresearcher's comments) (max 50 words)

- Description: 112 sentence elaboration (again, use my margin comment content as

basis for elaborating a description)

- Analyst: "Human" (otherwise "LLM")

- Researcher Notes: my verbatim margin comment.

Maintain original columns like Code, and Description for structure. Oytut the results

¢t We Wt ql efagel DT WEFHDOTW 6W0W0qlls Rqé WHY q6 Wx x ~We U
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C.3 Thematic Analysis LLM Theme Development Prompt

091 0 AOA Al AgobAOO NOAI EOAOEOA OAOAAOAEAO xE
| have provided a spreadsheet with thematic codes (ID #, Code name, Code description,
representative participant quotes, etc.). Please cluster these cadts broader themes,

following best practices for thematic analysis (regarding number of themes, subthemes,
groundedness in data, uniqueness, etc.). For each theme, give a namé& sefitence
description, and the codes it includes. Format possible subthenn the same way and

w2 o~ s oA

ET AEAAOA OEA OEAI A EEAOAOAEU8 / OODPOO OEA O0OAO
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