CRANFIELD UNIVERSITY

MATTHIAS GROPPE

INFLUENCES ON AIRCRAFT TARGET OFF-BLOCK TIME PREDIQON
ACCURACY

SCHOOL OF ENGINEERING
DEPARTMENT OF AIR TRANSPORT

PhD THESIS
Academic Year 2006- 2011

Supervisor: R.Pagliari
October 2011



CRANFIELD UNIVERSITY

SCHOOL OF ENGINEERING
DEPARTMENT OF AIR TRANSPORT

PhD THESIS

Academic Year 2006-2011

MATTHIAS GROPPE

Influences on Aircraft Target Off-Block Time Pretlan Accuracy

Supervisor:  Romano Pagliari

October 2011

This thesis is submitted in partial fulfilment bt requirements for the degree of

Doctor of Philosophy

©Cranfield University 2011. All rights reserved. Idart of this publication may be reproduced without

the written permission of the copyright holder.



| Abstract

I. ABSTRACT

With Airport Collaborative Decision Making (A-CDMas a generic concept of
working together of all airport partners, the maim of this research project was to
increase the understanding of thdluences on thé&arget Off-Block Time (TOBT)
Prediction Accuracyduring A-CDM. Predicting the TOBT accurately is portant,
because all airport partners use it as a refermeefor the departure of the flights after
the aircraft turn-round. Understanding such infieg factors is therefore not only
required for finding measures to counteract inazieuf OBT predictions, but also for

establishing a more efficient A-CDM turn-round pees.

The research method chosen comprises a numberep§. sFirstly, within the
framework of a Cognitive Work Analysis, the subqasses as well as the information
requirements during turn-round were analysed. S#gpa survey approach aimed at
finding and describing situations during turn-rouhdt are critical for TOBT adherence
was pursued. The problems identified here were thvesstigated in field observations
at different airlines’ operation control rooms. Bdsn the findings from these previous
steps, small-scale human-in-the-loop experimentse waesigned aimed at testing
hypotheses about data/information availability tirdluence TOBT predictability. A
turn-round monitoring tool was developed for theerxments.

As a result of this project, the critical chaintafn-round events and the decisions
necessary during all stages of the turn-round vigeetified. It was concluded that
information required but not shared among partitipaan result in TOBT inaccuracy
swings. In addition, TOBT predictability was showndepend on the location of the
TOBT turn-round controller who assigns the TOBT: rsloeliable TOBT predictions

were observed when the turn-round controller wasighlly present at the aircraft.

During the experiments, TOBT prediction could bepioved by eight minutes, if
available information was cooperatively shared temutes prior turn-round start
between air crews and turn-round controller; TOBddgction could be improved by 15
minutes, if additional information was provided t@mp agents five minutes after turn-

round start.
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I. LIST OF ACRONYMS AND DEFINITIONS

1 Acronyms

ACARS Aircraft Communication Addressing and RepugtBystem
A-CDM Airport Collaborative Decision Making

ACIS Airport CDM Information Sharing

ACISP Airport CDM Information Sharing Platform
ADEP Aerodrome of Departure

ADES Aerodrome of Destination

A-DPI ATC-Departure Planning Information Message
ADS Aeronautical Decision Making

ADS Abstraction-Decomposition Space

AEGT Actual End of Ground Handling Time

AGHT Actual Ground Handling Time

AHM Airport Handling Manual

AIBT Actual In-Block Time

ALDT Actual Landing Time

AMAN Arrival Manager

ANSP Air Navigation Service Provider

AO Aircraft Operator

AOBT Actual Off-Block Time

AOC Airport Operator Committee

AOC Airline Operation Centre

AOT Airport Operations Team

APT EUROCONTROL Throughput Division Airport
ARDT Actual Ready Time (for Movement)

ARTCC Air Route Traffic Control Centres

ASAT Actual Start-Up Approval Time

ASBT Actual Start Boarding Time

A-SMGCS Advanced Surface Movement Guidance andrGlo8ystem
ASRT Actual Start-Up Request Time

ATA Air Transport Association

ATC Air Traffic Control

ATD Actual Time of Departure

ATM Air Traffic Management

ATFCM Air Traffic Flow Capacity Management
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ATFM
ATOT
ATTT
AXIT
AXOT
CDM
CEDM
CFMU
CODA
CPDLC
CRM
CSA
CSCW
CSE
CTA
CTOT
CTRP
CWA
DAA
DDM
DEP
DMAN
DMEAN
DPI
DSA
DSS
DTM
EATM
ECAC
EIBT
EID
ELDT
EOBT
ETOT
ETTT

Air Traffic Flow Management

Actual Take-Off Time

Actual Turn-round Time
Actual Taxi-In Time

Actual Taxi-Out Time

Collaborative Decision Making

Cognitive Engineering and Decision Making
Central Flow Management Unit

Central Office for Delay Analysis
Controller Pilot Data Link Communication
Crew Resource Management

Common Situational Awareness
Computer Supported Cooperative Work
Cognitive Systems Engineering
Cognitive Task Analysis

Calculated Take Off Time

CDM Turn-Round Process

Cognitive Work Analysis

Delivery at Aircraft

Distributed Decision Making

Departure

Departure Manager

Dynamic Management of European Airspace Nekwo
Departure Planning Information message
Distributed Situational Awareness
Decision Support System

Direct Mode Turn-round Management
European Air Traffic Management
European Civil Aviation Conference
Estimated In-Block Time

Ecological Interface Design

Estimated Landing Time

Estimated Off-Block Time

Estimated Take Off Time

Estimated Turn-round Time
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EXIT
EXOT
FAA
FADE
FMP
FUM
GEMS
GH
GUI
HHI
HCI
HMI
IATA
ICAO
IDSS
IFPS
IOSA
ISO
KBB
LTM
MTTT
NAS
NBAA
NDM
PAX
RAA
RBB
RFID
RP
RTM
RWY
SA
SBB
SESAR
SIBT

Estimated Taxi-In Time

Estimated Taxi-Out Time

Federal Aviation Administration

FAA/AIirline Data Exchange

Flow Management Position

Flight Update Message

Generic Error-Modelling System

Ground Handler

Graphical User Interface

Human-Human Interaction
Human-Computer Interaction
Human-Machine Interface
International Air Transport Association
International Civil Aviation Organisation
Intelligent Decision Support System
Integrated Initial Flight Plan ProcessingtUni
IATA Operational Safety Audits
International Organization for Standardization
Knowledge Based Behaviour

Local Turn-round Management

Minimum Turn-round Time

National Airspace System

National Business Aviation Association
Naturalistic Decision Making

Passenger

Regional Airline Association

Rule Based Behaviour

Radio Frequency Identification

Response Planning

Remote Turn-round Management

Runway

Situation Assessment/ Situational Awareness
Skill Based Behaviour

Single European Sky ATM Research Programme
Scheduled In-Block Time

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy



VI Acronyms & Definitions

SJu
SLA
SME
SMR
SMGCS
SOBT
SSCT
SSDT
STTTT
SWIM
TAM
TIBT
TLDT
TMA
TMAC
TMAT
TOBT
TRCM
TSAT
TSCT
TSDT
TTOT
UDPP
ULD
VTTC
WCH
WDA
WLAN
WIFI

SESAR Joint Undertaking

Service Level Agreement

Subject Matter Expert

Specialized Mobile Radio

Surface Movement Guidance and Control System
Schedule Off-block Time

Scheduled Service Completion Time
Scheduled Service Deliver Time
Scheduled Turn-round Time

System Wide Information Management
Total Airport Management

Target In-block Time

Target Landing Time
Terminal Control Area

Target Movement Arrival Entry Count
Target Movement Area Entry time
Target Off-block Time

Turn-round Control Mock-up

Target Start Up Approval Time
Target Service Completion Time
Target Service Delivery Time

Target Take-off Time

User Driven Priorisation

Unit Load Device

Variable Taxi Time Calculation
Wheelchair

Work Domain Analysis
Wireless Local Area Network

Wireless Ethernet Compatibility Alliance
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2 Definitions

For purpose of understanding, some terms appligtignproject require definition
because their interpretation of the meaning isnoftéfers throughout the literature.
Emphasis here is not placed on erroneous or colrgetpretation, but on an
unambiguous usage within this research projecterttn should be given to the
definition of ‘collaboration’ versus ‘cooperatioar ‘situational awareness’ (e.g. shared,

common, distributed....) because of the tendenagécthem interchangeably.

A-CDM: Airport Collaborative Decision Making is the contegmed at improving Air
Traffic Flow and Capacity Management (ATFCM) atpants by reducing delays,
improving the predictability of events and optimgithe utilisation of resources.
Implementing Airport CDM allows each Airport CDM Raer to optimise their
decisions in collaboration with other Airport CDMufhers, knowing their preferences
and constraints and the actual and predicted mituaDecision making by the Airport
CDM Partners is facilitated by the sharing of aateirand timely information and by
adapted procedures, mechanisms and tools. The rAigioM concept is divided into

the following elements:

* Information Sharing;

* Milestone Approach;

» Variable Taxi Time;

» Pre-departure Sequencing;

» Adverse Condition; and

» Collaborative Management of Flight Updates.
Airport CDM is also the name of the EUROCONTROL jpod coordinating the
implementation of the Airport CDM concept at EurapeCivil Aviation Conference
(ECAC) airports.

A-DPI: A Departure Planning Information (DPI) message &gnthe CDM Airport to
the CFMU notifying them of the Target Take-off TIiETOT) between ATC time of
pre-departure sequencing and Actual Take-off TIEIEQT).

Adverse Condition Concept Element: Adverse Condition Element consists of

collaborative management of the capacity of anoairguring periods of a predicted or
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unpredicted reduction of capacity. The aim is tdiewe a common situational
awareness for the Airport CDM Partners, includingttér information for the

passengers, in anticipation of a disruption anceditpus recovery after the disruption.
The concept elements Information Sharing, Milestéperoach, Variable Taxi Time,

and Pre-departure Sequencing need to be in plateeairport before the Adverse
Conditions Element can be implemented successfully.

Airport CDM Information Sharing Concept Element. The Information Sharing
Element defines the sharing of timely and accunatermation between the Airport
CDM Partners in order to achieve common situati@wedreness and to improve traffic
event predictability. The Airport CDM Informatiorh&ring Platform (ACISP), together
with defined procedures agreed on by the partregesthe means used to reach these
aims. Information Sharing is the core Airport CDNeent and the foundation for the
other Airport CDM Elements. It needs to be impleteenbefore any other Concept

Element.

ACISP: The Airport CDM Information Sharing Platform (AP} is a generic term
used to describe the means at a CDM Airport of iging Information Sharing between
the Airport CDM Partners. The ACISP can comprisstays, databases, and user

interfaces.

Airport CDM Partner: An Airport CDM Partner is a stakeholder of a CDNrphrt,
who participates in the CDM process. The main Air@DM Partners are:

e Airport Operator;

e Aircraft Operators;

* Ground Handlers (including push-back, cateringarmieg, etc.);
* De-icing companies;

» Air Navigation Service Provider (ATC);

» Central Flow Management Unit (CFMU);

» Support services (Police, Customs and Immigrattor).e

Alert: A system generated message which alerts the AIgDM Partners of an
irregularity and which normally requires one or mgrartners to make an active

intervention to resolve the irregularity.
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Arrival Manager (AMAN): An arrival flow management tool that optimises tifzdfic
flow to a Terminal Control Area (TMA) and/or runw@y by calculating Target

LanDing Time (TLDT) taking various constraints gméferences into account.

Anticipation-action-comparison unit: An anticipation-action-comparison unit is a set
of information components allowing to predict chesgn the environmental input as

resulting from our own actions and our changesunpmsition and posture.

A-SMGCS: System at airports having a surveillance infragtne consisting of a Non-
Cooperative Surveillance (e.g. SMR, Microwave Sexs@ptical Sensors etc) and

Cooperative Surveillance (e.g. Multi-laterationtsyss).

ATFM: A service established with the objective of cdnmiting to a safe, orderly and
expeditious flow of air traffic by ensuring that &iaffic control capacity is utilised to
the maximum extent possible, and that the trafidume is compatible with the
capacities declared by the appropriate Air Trafervices authority. (ICAO Annex 11,
Chapter 1)

CDM Airport:  An airport is considered a CDM Airport when Infation Sharing,
Milestone Approach, Variable Taxi Time, Pre-depaatuSequencing, Adverse
Conditions and Collaborative Management of Fligpdates Elements are successfully
implemented at the airport.

Cognition: Human thought processes and their components ssclperception,

memory and decision-making.

Cognitive Task Analysis (CTA): The framework and methods used to analyse
cognitive structures and/or processes that suppbrperformance. CTA differs from
traditional task analysis in many ways, includimg tgoals, methods used, and data

produced.

Common Situational Awareness:CSA is used here as defined by EUROCONTROL
(2008b) to describe the desire that all relevantadgate flight progress information is
freely and universally available to all participegiairport partners via the ACISP which
allows them to improve their pre-tactical and tadtiplanning processes. CSA does

neither account for the fact dbw muchinformation is required by individual airport
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partner nomhow it should be presented to support decision maldiitgROCONTROL,
2008b)

Collaboration: The process of two or more people/machines wortaggther by in an

intersection of common goal(s). Unlike cooperatiaollaboration can also take
adversarial forms thriving on differences and ditseamong participants. It seeks
divergent insights and spontaneity, rather thamcsiral harmony and uses this

information to create something new.

Collaborative Management of Flight Updates ConcepElement: The Collaborative
Management of Flight Updates Element consists ohamging Flight Update Messages
(FUM) and Departure Planning Information (DPI) neggss between the CFMU and a
CDM Airport, to provide estimates for arriving fits to CDM Airports and improve
the ATFM slot management process for departindhfig The aim is to improve the
coordination between Air Traffic Flow and Capadifanagement (CFMU) and airport
operations at a CDM Airport. The Concept Elementshsas Information Sharing,
Milestone Approach, Variable Taxi Time, Pre-depatiBequencing, and Adverse
Conditions need to be implemented at the airpdidrbehe Collaborative Management

of Flight Updates can be implemented in cooperatiih the CFMU.

Communication: The process of transferring data/information/krexige from one
entity to another including the way of the intencha forms, not only just facts, but also

policies, prospects, failures, and human expergnce

Complexity: For the A-CDM context, complexity refers to therga number of

dependencies that intentionally or not are buithwii the various items of the system.
Cooperation: The process of working together versus separatelyin competition.

CTOT: A time calculated and issued by the appropriatett@eManagement Unit as a
result of tactical slot allocation at which a fligh expected to become airborne. (ICAO
Doc 7030/4 — EUR, Table 7)

Decision Making: Decision-making is one of the basic functions afriFround
monitoring. It is an active cognitive process whggiects one out of a set of possible
courses of action. It includes a weighing-up of ths and cons of different

alternatives.
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Decomposition: A structured analysis that breaks down higher llenvets based on
categories, such as consistent components, decisiguired, or concurrent tasks.

Decomposition is useful in most types of analyses.

Distributed Situational Awareness (DSA): DSA defines SA as a dynamic, and
collaborative process among actors on a situatioasik. It regards different systems as
having different purposes and different partnereasng different domain knowledge.

This requires in turn all participating to activelseate an understanding of the situation

from the information available.

DMAN: DMAN is a planning system to improve the departiloes at an airport by
calculating the Target Take off Time (TTOT) and getr Start Up Approval Time

(TSAT) for each flight, taking multiple constrairdad preferences into account.

Ground Handling: Ground Handling covers a complex series of prasasd services
that are required to separate an aircraft fromoisl (passengers, baggage, cargo and
mail) on arrival and combine it with its load priordeparture.

IFPS: A system of the CFMU designed to rationalise tbeeption, initial processing
and distribution of IFR/GAT flight plan data reldtéo IFR flight within the area
covered by the participating States. (ICAO Doc 783UR, paragraph 3.1.1)

Mental Model: Mental models are the cognitive processes/reptaisens whereby
humans are able to generate descriptions of sygtepose and form, explanations of
system functioning and observed system states asdicions about future system

states (according to Rouse and Morris, 1986).

Mental Picture: The actual mental picture of a situation represemtmoment-to-
moment snapshot of the actual situation based emténtal model and the actually
perceived external cues. A series of mental pistuepresents the actual mental model

including the actual parameterisation (Whitfieldl&kson, 1982).

Milestone: This is a significant event that occurs during plenning or operation of a
flight. A successfully completed milestone willgger the decision making process for
downstream events and influence both the furthegnesss of the flight and the accuracy

with which the progress can be predicted.
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Milestone Approach Concept Element:The Milestone Approach Element describes
the progress of a flight from the initial plannitegthe take off by defining Milestones to
enable close monitoring of significant events. Tdien is to achieve a common
situational awareness and to predict the forthcgnements for each flight with off-
blocks and take off as the most critical eventse Toncept Element Information
Sharing needs to be in place at the airport betooan successfully implement the
Milestone Approach. The Milestone Approach combingith the Information Sharing

element is the foundation for all other Concepnigats.

Monitoring: Monitoring is a process of continuous or disciEmparison between the
actual state of the system and the expected dtabe durn-round situation. Monitoring

is a top-down process governed by the expecteel stdhe system.

Pre-departure Sequencing Concept ElementThe pre-departure sequencing is the
order by which aircraft are scheduled to deparmfrineir stands (push off-blocks)
taking into account partners’ preferences. It shodt be confused with the pre-take off
order whereby ATC organise aircrafts at the holdmwgt of a runway. The aim is to
enhance flexibility, increase punctuality and imgslot-adherence while allowing the
airport partners to express their preferences.cbneept elements Information Sharing,
Milestone Approach, and Variable Taxi Time needo®implemented at the airport
before the Pre-departure Sequencing can be implechehhe Pre-departure sequence
can also be derived by a departure manager (DMAINgwcalculates the take off time
TTOT based on demand and derives the TSAT fromutheay sequence. Airports can
implement different solutions to achieve the preatture sequence, depending on local

traffic complexity and surface congestion.

Situational Awareness (SA):SA is the perception of environmental element$iwia
volume of time and space, the comprehension of theaning, the projection of their
status in the near future, and includes a prediatichow their behaviour may affect the
environment (Endsley, 1995). Situational awarengsdgten used in the literature with
confusing meanings and terms like Individual verSimred Situational Awareness,
Common Understanding, Team shared Awareness, Shhrderstanding, Distributed
Cognition, Distributed Understanding, Group Sitoaél Awareness, Shared Cognition,
Shared Visualization, Team Awareness, and Cohédraatical Picture are often used
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interchangeable. For the purpose of this researofeqs, only the terms ‘common’
versus ‘distributed’ situational awareness are usednpared with each other, and

determined how they are used for this project.

System: A system in A-CDM context denotes the set of alitéires required for the
performance during the time of a certain functidimese features include humans,

machines, interfaces, data, computers, procedamnesprocesses.

TOBT: The time that an Aircraft Operator or Ground Handistimates for an aircraft
to be ready, all doors closed, boarding bridge rdppush back vehicle available and

ready to start up/ push back immediately upon remepf clearance from the TWR .

TSAT: The time provided by ATC taking into account TOBITOT and/or the traffic
situation that an aircraft can expect start uphploack approval. Thereby, the Actual

Start-up Approval (ASAT) can be given in advancd 8AT.

Variable Taxi Time: Variable Taxi Time is the estimated time that aoraft spends
taxiing between its parking stand and the runwayice versa. Variable Taxi Time is
the generic name for both inbound as outbound tiaxe parameters, used for to
calculate TTOT or TSAT. Inbound Estimated Taxi TiieXIT) includes runway
occupancy and ground movement time, whereas Estim@&tutbound Taxi Time
(EXOT) includes push back and start up time, groomuyement, remote- or apron de-

icing, and runway holding times.
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Chapter 1: Introduction

1 INTRODUCTION
1.1 Development of A-CDM

The European Civil Aviation Conference (ECAC) admpta strategy in the 1990s
with the overall objective'to provide increasing airspace and control cap#cit
urgently...while maintaining a high level of safe#ys a consequence, the European Air
Traffic Control Harmonization and Integration Pragr (EATCHIP) and Airport/Air
Traffic System Interface (APATSI) were introduc&JROCONTROL, 2009b). These,
together with the implementation of the CentralwlManagement Unit (CFMU),
should help to improve capacity and efficiency. ldoer, these improvements have
been overtaken in recent years by continuing iseia demand. The ECAC Air
Traffic Management (ATM) Institutional Strategy fno 14" February 1997 was
superseded by a comprehensive Gate-to-Gate orighidd Strategy for the years
2000+ in order to meet future air transport neetlse principal characteristics
governing the new concepts of the ATM Strategy 200@lude strategic organisation
and enhanced predictability, flight management frgae-to-gate, enhance flexibility
and efficiency, collaborative decision making, @sfive capacity management to meet
demand, and collaborative airspace management.Aliipert CDM Project and the
Airport CDM Concept support these characteristicsadly or indirectly by facilitating

better decision making and improved predictability.

Many individual initiatives towards improved co-opgon, communication, and

information sharing are currently undertaken in Ehgopean ATM community. The
EUROCONTROL Experimental Centre has been involvedCDM through many
studies that have opened the perspectives for I@oléive Decision Making. These
include ATFM Priorities (1998), CDM Expert Group9d9), FASTER Study (1999),
CDM Applications (1999), ATFM Improvement (2000pdcathe A-CDM-D Evaluation
(2000).
The Airport CDM Information Sharing and the Tuwound Process (Milestone
Approach) concept developments were based on expetal work conducted at
several major European airports during trials ausBels, Barcelona, Helsinki,
Stockholm, and Milan.
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An Airport CDM Task Force has been created under Huropean Air Traffic
Management (EATM) Airport Throughput Division AirgqAPT) to guide the Airport
Operations Team (AOT) in Airport CDM issues and emake specific work. This task
force has now initiated additional projects in ota@gports such as London Heathrow,
Lisbon, Budapest, Athens, Zurich, and Munich witaeevarious Concept Elements are
being tested, taking into account local constraamid requirements.

The A-CDM concept was established within an Airgdperations Plan having five key
areas like A-SMGCS, Airport CDM, ACE, Airport Safeaand Wake Vortex. Since then,
the EUROCONTROL Airport CDM team in Brussels cooated the initial trials at
selected airports and is now responsible for engustandardisation and dissemination
of best practice of Airport CDM implementation airBpean airports. Meanwhile, the
A-CDM concept is also an integral part of both tbhgnamic Management of the
European Airspace Network (DMEAN) and the Singledpgan Sky ATM Research
(SESAR) program. Within the SESAR proposed opegaprnciples, Airport CDM,
System Wide Information Management (SWIM), Netwarlanagement function in
support of User Driven Priorisation Process (UDRIRY the Total Airport Management
(TAM) have been introduced as the main enablessipport such airspace/airport users’
requirements (EUROCONTROL, 2008b)

A number of common objectives for A-CDM are defirvelich include:

* improvement of on-time performance and predictghili

« enhance/optimize use of ground handling resoustasds, gates and
terminals;

e reduction of ground movement cost;

» optimize the use of the airport infrastructure egdiice congestion;

* reduce ATFM slot wastage;

» flexible departure planning; and

* reduce apron and taxiway congestion.
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1.1.1 The European Airport-CDM Concept

Different CDM concepts have been proposed in theabd® Europe. Within Europe,

the CDM concept is called Airport-CDM (A-CDM) andnaimber of A-CDM concept

elements are defined aiming at achieving greateratipnal efficiency.

For the implementation of A-CDMiifferent phasethrough a bottom-up concept are

described:

Information Sharingis the essential part that forms the foundatiarafbthe other

elements and must be implemented first. This shbaldchieved by creation of an

Airport CDM Platform for information sharing betweepartners with a

standardised formafThis includegeal-time dataandalert message® all partners

available via interdependent user displays or HMI®wing generic or local

processes a direct linfo the A CDM Platform. All airport partners cottuite to the

Information Sharing:

o

Aircraft Operator/ Handling Agent: delivers plangidata, turn-round times,
flight plans, movement data, priority of flightsraaft registration and type
changes, TOBT, and movement messages.

Air Traffic Control: contributes information like dimated Landing Times,
Actual Landing Times, Target Start up Approval Tendarget Take off
Times, runway and taxiway conditions, taxi time#) &llocation, runway
capacity.

Airport Operations: stand and gate allocation, emmental information,
special events, reduction in capacity, airport slata, ADES, Scheduled
Off-Block Times.

CFMU: data from flight plans, SAMs, SRM, CHG, CNkhanges or
cancellations, actual movement messages, ELDT, FUMs

Service Providers: de-icing companies, MET offiagehwveather forecast or

actual weather, others including police, customsl, fetc..)
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Milestone Approachis often referred as Turn-Round Process aims latadag a
common situational awareness by tracking the pesgod a flight from the initial
planning to the take off via a continuous sequeonicdifferent events. Different
airport partners can be responsible for differeiestones; significant events are
determined in order to track the progress of flighth these key events.
Implementation of these milestones requires a feahmnfrastructure and hence
information sharing with agreement on the requpsatesses in place and working
properly. A total of 16 milestones have been defjingowever, more milestones
may be needed to cover for extra updates on keyt®ve.g. de-icing. Local
procedures may substitute milestones; therefore aflotmilestones arehighly

recommended.
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TABLE 1: THE A-CDM MILESTONES (SOURCE: EUROCON TROL, 2009)

TIME
NUMBER | MILESTONES EXPLANATION
REFERENCE
ATC Flight Plan 3 hours before First Doint of AWareness
1 Activation EOBT P
2 hours before ~ CTOT Allocation in case of airspace or
2 EOBT —2h EOBT local constraints
Take-off from ATOT from Most commonly transferred via
3 Outstation Outstation Movement Messages
Local Rad Vari ding t . .
4 ocal madar ares gccor ngto Arrival Manager builds sequence
update Airport
. Varies according to  Usually the trigger for ATC to set the
5 Final Approach Airport first TOBT according to MTTT
6 Landing ALDT Aircraft now under Local Manageme
7 In-block AIBT Trigger for Ground Handling start
Ground Handling Aircraft Operator now provides
38 ACGT . .
Starts information to the Partners
TOBT Update  Varies according to Most accurate TOBT should be
° prior TSAT airport provided
Varies accordingto  ATC issues TSAT based on latest
10 TSAT Issue Airport TOBT
. Varies accordingto  Trigger independent from mode of
Boarding Start ) . o
11 oarding Starts Airport boarding (e.g. air-bridge, stand)
12 Aircraft Ready ARDT Aircraft is physically ready toove
13 Start-up Request ASRT Flight crew ask for startig@arance
Start-up
14 Approved ASAT Start-up approval by ATC
15 Off-block AOBT Aircraft starts push-back or taxi
16 Take off ATOT Aircraft takes off from the runway

Variable Taxi Time:is the key to predictability of accurate take-affd in-block

times especially at complex airports. This is alsed by the CFMU in order to

calculate the CTOT and due to the complexity opaits taxi time may vary

significantly depending on the parking positiormamway configuration.

Pre-departure Sequencingstablishing a pre-departure sequence for thdlotfk

time taking operators’ preferences and operationaktraints into account in order

to replace the common principle of ‘first come tfiserve’. This allows avoiding
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long waiting times at the runway and ATC to provald SAT which places each
aircraft in an efficient pre-departure sequenceheroff-block time.

CDM in Adverse Conditionsachieves Collaborative Management of partners
during periods of predicted or unpredicted redungtiof capacity, because different
events either planned or unplanned can disruptdineal operation of an airport far
below normal operation. Such conditions may be snimaustrial action which
means adverse conditions can be foreseen with oroless accuracy. A manager
should be employed who is able to collaborativedgduce capacity in the most
optimal manner and to facilitate a swift returnrtormal capacity once adverse
conditions no longer prevail. This includes inceshgredictability during de-icing

processes.

Collaborative Management of Flight Updatess an information exchange of flight
updates between CFMU and CDM Airport, it enhan¢es quality of arrival and
departure information. Within this scope, the gedb enable flight punctuality and
efficiency having regard to the available resourségh emphasis on optimizing the
network capacity. This strategy does not look faposing ATFCM solutions to
airspace users through ATFM delays, but rathemina robust and comprehensive
collaborative decision making process that wilballwidespread dissemination of
relevant and timely information. This is realizedraugh Departure Planning
Information Messages (DPIs) from the airport to BEMU or Flight Update
Messages (FUMSs) from the CFMU to the airports comee.

With all these concept elements in place the lagpbrt is regarded as@DM Airport. Additionally, there

are advanced concepts available. As yet undefinedetligements will enhance and

extend common situational awareness and incrediba@tion between airports by

utili
AM

zing advanced technologies and linking withvadced tools, e.g. A-SMGCS,
AN/DMAN:

DMAN: is a planning system to improve departurewloat an airport by
calculating the TTOT and TSAT for each flight, tagimultiple constraints and
preferences into account. It is the technical esralleveloped by several
industrial companies, using the data elements geavby Airport CDM and A-

SMGCS concept. However, its application within Epgan has not yet been
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harmonized and it must also be considered relidi#éore considered by
operational controllers.

« AMAN: is a planning system improving arrival flowsy optimal throughput,
considering relevant constraints like airspacecstine, runway system, wake
vortex category, speed, restrictions, wind, etc.

e A-SMGCS: Advanced Surface Movement Guidance andtrGbosystem. The
main functions of A-SMGCS as they are defined smmfBAO A-SMGCS Manual
are:

» Surveillance, which provides controllers (eventydlight crews and
vehicle drivers) with situational awareness on tfi@vement area (i.e. a
surveillance display showing the position and idexation of all aircraft
and vehicles).

» Control, providing conflict detection and alertingn runways (and
eventually the whole movement area).

» Routing, through which manually (eventually autoicety) the most
efficient route is designated for each aircraftelicle.

» Guidance, giving flight crews and drivers indicasoenabling them to

follow an assigned route.

1.1.2 The US CDM Concept

Starting in 1993, experiments with data exchangevden the Federal Aviation
Administration (FAA) and the airlines (FADE expeents) where airlines sent updated
schedule information, the FAA proved to positivetgpact air traffic management
decision making. CDM has evolved from this samaqgiple, based on the belief that
shared information on all sides will create a NagioAirspace System (NAS) that is
beneficial to everyone. CDM brings together aidingovernment, private industry and
academics in an effort to improve air traffic mas@agnt through information exchange
and data sharing. This philosophy of collaborafoomises to become the standard in
aviation (FAA CDM Webpage, 2009). A stakeholder ugroconsisting of the Air
Transport Association (ATA), National Business Aiga Association (NBAA),
Regional Airline Association (RAA), and the Fedepaliation Administration (FAA)

provides recommendations to the FAA. A number dFwams like the Flow Evaluation
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Team, Future Concepts Team, Surface CDM Team, Eeda@round Delay Program,
Special Traffic Management Program, Weather Evalnakeam, Fuel Team and CDM
Training Team are established to address spesHiges in a focused group of experts.
Additionally, joint initiatives are undertaken améimed at exchanging ideas that will
mutually benefit both European and American CDMaoigations. These initiatives
include mutual exchange programs of CDM team mesbere interest was raised by
the FAA to build on expertise from European Conad@-CDM.

1.1.3 The Differences between the European and thikS CDM Concept

While both the European and the US CDM concepts aameed at increasing the
predictability and reliability of air traffic, diéfrences between the two approaches evolve
from the regulatory environments and the differer@asures as they are established in
Europe, respectively the US. The main differenceveen both approaches is the non
adoption of Target Start-up Approval Time (TSAT) asneans to control the traffic
flow on the ground in the US. Instead, ATC providee Target Movement Arrival
Entry Count (TMAC), a number of slots to that spien ATC takes over with aircraft
start taxiing to the runway. A Target Movement Aigatry time (TMAT) is allocated

by Departure Reservoir Management (DRM). The redsothis is that in the US the
Aprons are controlled by the airlines and not ATC.

In Europe, focus is applied to monitoring of deldlggough key monitoring stages
because airports are getting increasingly congesteddparallel planning exists between
airports and Air Traffic Flow Management (ATFM). &equently, the harmonisation
between the various local airport partners and GiR®&IU has initially been in the
spotlight in Europe, while the US CDM has estal@dhheir focus in the various sub-
teams. As a result, the collaboration among pgaetoig partners at strategic, tactical and

operational level has developed quite differentlyirty day-to-day flight operation.

1.1.4 A-CDM Implementation

There are four distinct and fundamental phasesneéefifor the implementation
process which are the Information Phase, Analyb®ss€, Implementation Phase, and
the DPI Operational Implementation Phase. To endat& quality, a validation process

will take place before to assess level of CDM impbatation at the airport.
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EUROCONTROL offers far ranging assistance to suppioe local implementation
including CBA at airport sides, gap analysis, datéid website, CDM document library,
multiple subgroup meetings, and yearly coordinagjosup meetings.

Collaborative Decision Making (CDM) has now beemtaklkshed as a concept of
working together of all airport partners who arestbplaced for operational decision
making. Partners recognized as required for CDMude airport operators, aircraft
operators, ground handlers, Central Flow Manageroaitt (CFMU) in Brussels, and
Air Traffic Control (ATC). CDM aims at improving @pational efficiency at airports by
reducing delays, improving the situational awarergsing the progress of the flight,
and optimizing the utilization of resources. Théndrent aim is to make improved
decisions based on more accurate and timely infieméghat result in all airport partners
having the same operational picture, with the saraaning to all involved. By knowing
possible constraints of the actual or predictedasitn, each airport partner is able to
improve own decisions in collaboration with othartpers by applying own preferences.
The improved decision making by all airport pargneill be facilitated by the sharing of
accurate and timely information (EUROCONTROL, 2009a

With CDM in place, also the ATM network benefiterin more accurate information
about the flight status. This allows deriving ATHElbts based on the actual situation and
reducing the current buffer capacity for the entequhase of the flight.

For the implementation of CDM, operational procedyrautomated processes and
tools have to be established at the participatingpes. The EUROCONTROL Airport
CDM team is responsible for proposing standarddratand dissemination of best
practice Airport CDM implementation guidelines atir&pean airports, but does not

have regulatory power.

1.2 The Milestone Approach Concept Element (Turn-rand Process Element)

The Milestone Approach Element has traditionallgrbealled ‘CDM Turn-round
Process Element’ (CTRP) and describes the progfesg$light from the initial planning
to the take off by definedhilestoneghat allow close monitoring of significant events.
Turn-round operation has so far been viewed as amdatone process with
responsibilities shared between airline and airpBESAR Air Traffic Management
(ATM) research however aims at eliminating today’s fraged approach to European
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air traffic management by synchronising all stakédis and network resources. Because
successive flights depend on each other, today'® Adncept links the arrival phase,
turn-round, and departure phase of a flight as eméy, The ground process and en
route traffic are now considered as part of a tdapendent chaimirport Collaborative
Decision Making (A-CDM)s used as the mechanism to integrate airportstive ATM
network. An airport is considered a CDM airport whitie Information Sharing, the
Milestone Approach, the Variable Taxi Time, the-Beparture Sequencing, the Adverse
Conditions, and the Collaborative Management o§liUpdatesconcept elements are
successfully implemented at an airport (EUROCONTREZ109D).

Figure 1 shows the milestones within the diffenehases - arrival phase (inbound),
turn-round phase, and departure phase (outbouhght EJpdate Messages (FUMs) and
Departure Planning Information (DPI) are in placeinform all participating CDM
partners of the flight progress, thus improving AMT'slot management process for
departing flights Collaborative Management of Flight Updates Element)

INBOUND
FIR Entry/ Taxiln
Local RadarData (EXIT)
ATOT X * a0 TURN ROUND
T Z 3 4 5 6 MTTT Minirmurn Tum ARDT
/ Round Times will be 1
Final inthe COM platfarm B di
il mamironn T // ASRT
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FIGURE 1: AIRPORT CDM GENERIC MILESTONES (SOURCE: E UROCONTROL, 2006)

Among the milestones used for monitoring the flighagress, the period of the flight
between milestone 7 (actual in-block time) and stdee 15 (actual off-block time) is

called Turn-round. Monitoring this turn-round phase is a complex tabkcause
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situational awareness has to be established ast@ssus subsystems of different
organizational and operational structures withrtlo&n causal and intentional domain
constraints. Subsystems are here referred to &sipating partners and include airport
operator, airline company, air traffic control, gnal handler, service provider and
Central Flow Management Unit (CFMU). Additionallypany terminal and ramp
processes have operational interdependenciespmgesses that normally cannot be
done in parallel, as well as legal requirements, @e side of the aircraft has to be clear
of obstructions to ensure that fire fighting acassalways possible (Fricke et al, 2008).
In order to increase situational awareness dutngttound, a number of agreed trigger
events are defined by the A-CDM concept to infothpartners of updates to estimates
and/or aircraft turn-round status. A CDM compliaradert will appear on the Airport
CDM Information Sharing Platform (ACISP) in casdsdasruptions. Any internal or
external disruption at these milestones generatedaam and has to be communicated to

all partners in order to maintain situational awess.

Due to the complexity, size, speed, and functionaf the ATM network between all
airport partners during this turn-round phases important to understarbw operators
monitor the turn-round operation, tibhallengesthey face in the monitoring task, and
the tools they use for monitoring and decision support. Besis can use this
information to create interfaces that not only ermeaoperation monitoring, but also
alleviate information overload, integrate or highli required information, decrease
response time, and thereby increase efficiency foyiging an intelligent decision
support for turn-round related decision makinglufas during turn-round monitoring
can result in insufficient situational awarenesshwiegative consequences on TOBT

reliability.

1.3 The Role and Importance of TOBT

Within A-CDM, the Target Off-block Time (TOBT) repsents the time that an
airline or handling agent estimates an aircrafbéoready, all doors closed, boarding
bridge removed, push back vehicle available, aratlyeto start up or push back
immediately upon receiving clearance from air ficatontrol (EUROCONTROL,
2009b). The airline or airline representative (nefd to here as ‘turn-round controller’)
issues the TOBT and is ultimately responsible ftsr accuracy. The turn-round
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controller controls and monitors the CDM turn-royprdcess. He can update the TOBT
up to 15 minutes before Estimated Off-Block Tim&®®T), but needs approval from

the airlines’ dispatch manager if deviation fromBEQis greater than 15 minutes.

The TOBT is an important trigger for all airportriyeers in departure management
because ATC issues a Target Start-up Approval TihgAT) based on the TOBT to
inform the flight crew and all partners of the tinveen the aircraft can expect start-up
and/or push back approval. Such a TSAT also taktesaccount a possible Air Traffic
Flow Management (ATFM) slot delay, and/or the aktraffic situation at the airport.
As such, the TOBT is not only the key indicator falt participating actors and
operators: But it is also used by the airport araigd handlers as a basis for resource
planning, by the CFMU to assess airspace congestipriocal ATC to build pre-
departure sequence, and by the passengers aspibetezk departure time of the flight.
The large number of participants who depend onrabed OBT predictions reveals the
importance of this milestone for the success aéféinient and reliable flight operation.
Airport partners are also referred to as ‘decisiakers’ at the tactical level; individuals
participating at the airport terminal or the rampe aeferred to as ‘actors’, and
encompass flight managers, pilots, ramp agentslelsa cleaners, catering personnel,

vehicle drivers, and fuelling personnel.

The crucial role of milestone 9 (Final Update of BT within all other milestones has
to be emphasized. While all other milestones caentially be important to increase
the situational awareness among A-CDM decision msakailestone 9 requires the
highest accuracy because it ties up the largesbauwf resources including airspace,
ground handling equipment, airport facilities, mensel, and passengers’ time.

As a consequence of predictable and accuratelgres$iTOBTSs, ATC is able to
reduce time buffers between period of milestong(Ac¢tual Start-up Approval Time
ASAT), and milestone 16 (Actual Take-off time ATOTpue to the continuing
instability in predicting TOBT, it is common prai for ATC to build time buffer into
the period between milestone 14 and milestone Xfder to account for irregularities
that emerge during turn-round. Consequently, bgttedictability and accuracy in

TOBT assignment enables ATC to reduce these tirfferisu
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When TOBT is more reliable, Actual Take-off TimeT@T) also becomes more
predictable and other positive network benefits lbaexpected. A study has shown that
a broader implementation of A-CDM could increaset@ecapacity, reduce en-route
delays, and reduce the number of regulated flight$ROCONTROL, 2008a). Other
advantages of reliable TOBT predictions includeucsdl taxi times, environmental
benefits, improved resource planning, and last, mott least, increased passenger
satisfaction.

A prototypical situation showing the importancetioé TOBT is a flight constrained
by a Calculated Take-Off Time (CTOT). Central Flddanagement Unit (CFMU) is
the enforcing power for delaying flights based ocakulated airspace sector overload
or restrictions that emerge before the departurenppsing a CTOT on the flight. Such
CTOT requires the flight to get airborne within &rinute-window [-5;+10 minutes]
This CTOT is based on the TOBT resulting from thep@rture Planning Information
(DPI) that the airline forwards to the CFMU. If tR®BT is inaccurate the flight fails to
depart within the CTOT window and the airspace maskfor this flight gets redundant
because it cannot be assigned to another flighharng that has also been delayed. This
example shows the key role of the TOBT in coordngathe turn-round phase with the
en-route phase of the flight.

1.4 Characteristics and Dynamics of the TOBT

TOBT decision making has the characteristics otamiutionary approach within a
dynamic environment: The task of assigning the TAG8Dnly one component of a
larger decision making problem that does not singslg with a TOBT assignment. It
requires continuous monitoring of the turn-rounaliaion, because any unanticipated
event can affect the TOBT significantly. Thus, aboation of actions is mandatory:
depending on the required response to a singlertwnmd process or any unexpected
situation, a long sequence of subsequent processlination or remedial decision
making may be necessary. Such response may inelctitens like data exchange or
sharing information up to jointly creating contimgg plans via numerous interactions

between actors or operators involved.

During flight operation at congested airports, thi@imum time available for turn-
rounds is often restricted by predefined minimumqats calledMinimum Turn-round
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Time (MTTT). However, such MTTTs are not based on tbeia turn-round duration
required, but are a fairly arbitrary choice of tndine. If only MTTT is available, the
TOBT needs to be updated even when amlgturn-round process is delayed during the
so calledcritical path of the sequential turn-round processes: While rbar of turn-
round processes can be execusahultaneously the critical path stems from the
sequentialsub-processes, where a delay can propagate abedarn-round, thereby
affecting the TOBT. Therefore, not only close monitg of this critical path is required,
but also predictions are required for each singie-tound process, since TOBT

accuracy depends heavily on the exact predictiall gequential sub-processes.

However, until today no unified approach has beaumnd on what time, space,
individuals or units are required during turn-roumdnagement or whether decision
making should be centralized or distributed amoadi@pants. Examples ofho is
responsible for forwarding informatiomhenshould information be shared, loow the
nature of the distributional network should lookelibecause accountability in decision
making is an inherent point of conflict between thaious actors and participants.
Additionally, the influence of external factors dikime pressures during turn-round,
interruptions in the ATM network, or the consequesncesulting from the uncertainty of
situations have not been systematically investgae far. Such characteristics and
dynamics of the current approach to turn-roundsi@cimaking reveal opportunities for

an improvement in the overall TOBT prediction.
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1.5 Motivation for this Research

Sections 1.3 and 1.4 have outlined how TOBT playkewn role for all airport
partners, not only as a benchmark time for the @& of all ground services, but also
as the reference time for the airport, ATC, CFMh& passengers and the aircrews. This
importance for all involved together with the Etéhttention that TOBT has gained so far
marks the motivation for this research project.

Moreover, the issue of TOBT accuracy has not bestematically investigated at
airports thus far. A number of reasons may exglamfact:
= Operational A-CDM airports: only a few airports Europe have officially
introduced A-CDM and are using the milestones agined in the A-CDM
implementation manual (EUROCONTROL, 2009b).

= The importance of TOBT predictability has not yeth sufficiently emphasized
when considering the introduction of A-CDM at ampait; focus has always

been applied on other CDM implementation issues.

= Lack of awareness required for TOBT during A-CDMiedto insufficient
dissemination of working rules and guidelines o tiDM procedures, turn-
round managers are not fully aware of the newlylemented procedures not
directly affecting theirown working environment. TOBT awareness however,

has to be established via an interdepartmentairirdton exchange.

= Airlines and ground handlers are worried about ipssegative consequences
when sharing their internal data to allow accurb@BT predictions: precise
information on expected turn-round completion maso apotentially reveal
ground handling irregularities. Communicating suoformation demands a
culture change by the airline or the representagv@und handler, because
penalties from providing poor turn-round servicedto be expected, e.g. IATA
delay code assignment or payment deductions. Kjnaltline agents often
remain hopeful that delay encountered during toumd might be compensated
for by accelerated working procedures: In such ssapeoviding a late TOBT

early would be disadvantageous for the airline.
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1.6 Aims, Objectives and Research Questions
The overall aim of this project has been defined as

Identifying measures that can increase TOBT prediébn accuracy.

A number of objectives were derived from this aonthe research project:

* Understanding the environmental constraints infltieg TOBT decision making.
» Identifying unexpected situations critical for TOBdherence.

* Understanding how major European airlines actuasbsign TOBT today.

« Determining countermeasures for dealing with ur@péted situations and

» ldentifying strategies and decision support systabis to predict accurate TOBTSs.

Taking the environment within today’s A-CDM conterto consideration, the first
research questions looked at the social and org@mmal aspects of the turn-round and
were formulated:

» What are the fundamental constraints that are ieghos TOBT decision making?
= What are the specific environmental factors thiiénce TOBT decision making?

The perspective of the flight crews was used taniles situations critical for TOBT

adherence:

= Which situation can arise unexpectedly that isaaitfor TOBT adherence?

= Within the identified situations, does cooperatbehaviour of participating actors
have an influence on TOBT adherence?

The next questions were aimed at zooming closertivé actual TOBT decision making
process and include:

= What are the different modes for monitoring thenttound and what are the current
strategies used to predict the outcome of the fownd via the assignment of the
TOBT?

= What cognitive strategies have operators developddcilitate early detection and
resolution of a critical TOBT adherence situation?

= What factors contribute to turn-round monitorindfidulty because key indicators
for emerging problems are not available?
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The underlying motivation for the next questionssvia find countermeasures for the

identified problems, formulated as:

= How can provision of cooperative information inged OBT prediction accuracy?

» |s cooperative information sharing able to idenstyategies that can be applied
during unexpected turn-round situations?

» Is it possible to get more accurate TOBT predicialieady earlier than today?
1.7 Organization of the Thesis

The scope of the thesis is delimited to the A-CDibtmation Sharing and Milestone
(Turn-round Process) Element of the A-CDM conc#phile it was realized that also
other concept elements are useful to be includes bbundary was chosen because the
overall aim is to identify measures that are ablmtrease TOBT prediction accuracy by
kind, but not by quantity. This means, it was pnefe to find suitable measures that can
be transferred to other A-CDM concept elements.|8\thie concept element of CDM in
Adverse Condition (e.g. de-icing) was deliberatedt included, interactions with Air
Traffic Control were initially considered (e.g. ¢t Crew Survey), but later disregarded
as not being useful to be included in the experimen

The conceptual research framework was selected lmasthe specific characteristics
of today’s turn-round management and its influermce TOBT prediction, while
considering the specific environment and the idieaticonstraints that are shaping turn-
round management and TOBT decision making.

For such problem setting, the theoretical framewlneing used should be able to
provide a method for analysis, evaluation, andgiesi a decision support system that
can aid decision makers during turn-round operati@n example, how can the required
information be displayed, which format should bedit display information in order to
facilitate cooperative working behaviour and effieeidecision making? How should the
tasks be effectively distributed across manual wioraated systems? The proposed
system design should be evaluated at a later dtaggetermine its usability and

effectiveness, and whether it leads to enhancddrpsance.

Therefore, the literature review was performed whitee major goals in mind: First,
the environment of the A-CDM turn-round should bgtared. While legal, operational,

or cognitive perspective that may influence thenttgund operation, and consequently
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also the TOBT, should also be considered. Sectwedgdésign criteria for a system that
could support reliable TOBT decision making shobédl identified. Third, a suitable
framework for the analysis of the research objestishould be chosen. The following

chapters are therefore organized as follows:

Chapter 2: This chapter provides a review of the overall ANMCDOurn-round
environment, outlines how turn-round is managed, laoks at the processes required
for its execution. This includes a review on thenitified shortcomings of the turn-round

processes as well as the legal aspects shapimgrtheound management.

Chapter 3:provides the theoretical approach towards A-CDiNbelgins by looking at
the design lessons frokecision support literatureand identifies some challenges in
designing of a human-computer interaction systesh ¢buld potentially support TOBT
decision making. Subchapter 2 describes the disempl of Decision Making and
Information Sharingwith concepts that are available to support effecthuman-
computer systems, while focus is placed on tbeperative elementhat supports
decision making. Subchapter 3 describes twgnitive elementas one of the
interdependent elements between actors within ienglecision making environment
and how cognitive engineering can be used to feslgh criteria for decision support in
the given environment. The following Subchapter xamines the first stages of a
Cognitive Work Analysithat were used as the framework for the projedtlaw it was
applied as an overall modelling tool for capturthg@ cognitive constraints influencing
the decision making environment. The results ofliteeature review were then used to

determine the research methodis.

The following chapters use the Cognitive Work Amédyas an overall framework.
Four major studies were executed, each using ardiff research method and
different mode of analysis. The research method @seeach study was determined
using the results from the previous literature eavi The issues identified during the
investigations were outlined in the relevant sectbthis paper.

Chapter 4:outlines the application of the Cognitive Work Aysass (CWA) to the A-
CDM work system and turn-round management. Fihg, aims and objectives of this
analysis are provided as well as the limitationa @fognitive Work Analysis to be useful
applied to the A-CDM work domain. Subchapter 3 ptes the Work Domain Analysis
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as the first step of a CWA, while Subchapter 4 diess the Control Tasks Analysis as
the second step of a CWA. Both steps rely on a ogellogy proposed by Naikar et al.
(2005) who describes how the analysis should bkeabp

Chapter 5:provides a flight crew survey and how it was usedlentify the critical
situations for A-CDM turn-round management. ltumes the aims, objectives, method,
findings, and concluding aspects of the study. $tuely shows how flight crews are
involved in decision making during turn-round, hawoperative behaviour of all
participating affects the turn-round, and whicluaitons are critical for accurate TOBT

predictions.

Chapter 6:provides a study via field observations duringhttound management
with the aims, and method applied. Details are mitleat describe how turn-round
management is established at major European arpod how the outcome of the turn-
round is assessed by the various turn-round remesees. Due to the quantity of
identified data/information during the observatiotise findings of the study were
integrated into a qualitative cognitive model theats used to identify critical areas for
data/information flow. Identified data/informatiomas seen as essential for accurate
TOBT predictions.

Chapter 7:As a central part of the investigations, smallesdauman-in-the-loop
experiments outlined here were proposed in ordefitd measures to counteract
inaccurate TOBT predictions. A Turn-round Controbd®k-up that was exclusively
developed for the experiments is described as agltletails on the participants, the
experimental design, the method applied, and traysis of the collected data, are
given. This Chapter concludes with a discussioruatie validity and limitations of the

experiments.

Chapter 8:presents a summary and conclusions drawn frorouvaell results, offers
recommendations, suggests possible areas for fuksearch, and discusses the
limitations encountered. While some concluding atgpare given for each of the studies
at the end of the relevant Chapter, the concluggoren here draw a line from the initial

development of the research concept to the spelgfails of the final results.

Chapter 9:Publications and References
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Chapter 10:includes appendices with further details on A-CONeoretical aspects
of cooperation, distributed decision making, anchtwound management. These are in
particular the A-CDM concept with the mandatory recommended milestones, the
design of the flight crew survey, the IATA Delay d&oTable, turn-round tools that are
currently used in Europe, further results of theréiture studies on cooperation and the
Cognitive Work Analysis, and details of the Gamesadll Test.

1.8 Potential Contribution to Knowledge

Prior to a more detailed discussion of the litematteview, this section provides the
main areas of this project that are aimed at dmuing to the existing body of

knowledge.

« Despite the connotation of A-CDM as highly relevamtthe success of airport
operation, a surprisingly small amount of resednels been dedicated to the
domain specific problems of aircraft turn-round i@ien.

* Furthermore, no research project has been founidt® that applies a cognitive
engineering approach to investigate the factornsienting the predictability of
aircraft off-block times.

* In addition, following the Cognitive Work Analysisamework outlined by
Vicente (1999), a concept of human-information warteraction analysis has
been applied to turn-round management for the tfirss.

* Finally, a major effort has been dedicated to coajpen analysis of the work
domain being investigated. In order to better ustded the specific aspects of
the A-CDM turn-round process management, two adtera forms of
cooperation analysis were integrated into the rebeltamework, by way of a
descriptive and an experimental form of investigatiSuch an approach has not

been taken in this turn-round management envirohthess far.
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2 THE A-CDM TURN-ROUND PROCESS
2.1 Introduction

A number of issues that frame the manageménhe turn-round relate to the
environment in which the turn-round takes placechSigsues include organizational as
well as legal aspects. They are outlined here wmheroto understand the specific
constraints that influence the A-CDM processesudicig TOBT decision making.

2.2 The IATA Airport Handling Standards and the Air line Standards

Historically, airports were managed and owned lnefal governments around the
globe. However, the development and adoption eidsteds for airport handling arose in
Europe where an overlap of many different airlinesulted in the necessity for airlines
to arrange handling contracts with each other (IARA04). These standards were
developed under the auspices of the Internatiomal ransport Association (IATA) over
a period of thirty years and have been establisiegrocedures for passenger and
aircraft handling during turn-round. As of Augu§i0®, more than 230 airline or ground
handling companies are members of IATA and hawadttere to these standards. IATA
Operational Safety Audits (IOSA) are performed $sess the operational management
and control systems of the airlines. In the Airgdaindling Manual (AHM) all standards
are lined out affecting passengers, cargo/maitrafr handling, load control, airside
management and safety, aircraft movement contral, ground handling agreements
including the handling of ground support equipm&drvice Level Agreements (SLAS)
are in place to act as a structure for measuriegs#rvice quality of ground handling
service providers. Finally, the airlines themselsieselop their own standards to ensure
that ground handling performance is maintainedndutine turn-round processes.

2.3 The EU Directive on Ground Handling in Europe

In 1996, 15 member states of the European Unioptadoa Directive to encourage
competition in ground handling services at Europaigports. In a number of member
states, ground handling services had historicadlgnbprovided on a monopoly basis,
either by the major base airline (e.g. Iberia, Qbyeh or by the airport operator itself.
This was a common model in Austria, Germany anly.ltdowever, many problems

arose from the new arrangement created by thiiiee(Smith, 2001). Smith outlines
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the different configurations of stakeholders’ igis which may result from the various
combinations of circumstances. These configuratrange from a simple model where
the airport operator is responsible to appointdtiparty ground handlers while taking
the interests of the various airlines into accdaannore complex models where airports
and airlines provide ground handling services atgthme airport. Since governments
are frequently shareholders of the airport, suchfigarations of handling
responsibilities may create potential for confligti interests. Airport operator
involvement in ground handling services createpision in the minds of other ground
handlers who feel disadvantaged in terms of actesacilities (e.g. air bridge served
parking stands) or a centralized infrastructurg.(baggage handling system or even

terminal building).

2.4 The IATA Delay Code System

As part of the Airport Ground Handling Manual (AHMhe IATA Delay Codes
were established to help the airlines with standatmn of the delay causes from their
commercial flights. Traditionally, airlines were ing their own delay assignment
system; The IATA however standardized the trandoriskormat of delay information
into delay codes. Such delay codes assign the megplity and time of the delays to a
function that is seen as the cause of the delaya A®nsequence, the airlines may
penalize the service company or other partner doogto the contract or Service Level
Agreement (SLA) in place. Airlines often use bompesalty or other incentive systems

that affect the remuneration for services provided.

Several groups of delay codes exist that group dékys into categories like
passenger processing, baggage handling, or airdeddicts (See Appendix Ill). The
delay can also be attributed to several sourcesioife than one cause of delay was

determined.

However, identifying the function where the delaygmates is not always easy
because delays are often reactionary. Moreovernngluiurn-round, restrictions to
providing service may not be visible at first glanor the background of the delay
reason is not available to the function which spansible for assigning the delay code.
Although service providers may encounter restntioor face hurdles from other
participants, the delay code is assigned to themn.ikstance, hindrances to start the
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service may be caused by another ground handlingceeor a blocked equipment.
These factors are often not visible from the laratvhere the delay code is assigned. It
is questionable whether an accurate code can leutdd to delays encountered away
from the physical locations of their emergence.ddmng to EUROCONTROL (2007),
there are suggestions that delay statistics arepemmsed if they are gathered by
airlines, because of the temptation to assign blantghe attempts by one or more of
the direct contributors to hide their influence the delay caused. Delay statistics
collected by aircraft operators are used primatiy direct improvement efforts.
However, airlines tend to focus on infrastructuedidencies that serve their individual
needs. Differences can be observed when compammyr&l Flow Management Unit

(CFMU) and Airline delay statistics (see Figure 2).

Conversely, for delay codes 81-84 and 89 (Air Tcaflow Management (ATFM)
and airport delays), EUROCONTROL realized a tengéhat airlines are keener today
to solve the problem accurately. So the relatignfi@tween airspace users and airport
service providers has become more cooperative: |Regstatistics from
EUROCONTROL'’s Central Office for Delay Analysis (O®) compared with those
recorded by operators’ shows that although absolatees vary slightly due to the
comparison of sample data to full data, the tremdmetheless match exactly
(EUROCONTROL, 2007).

Average Delay per Movement 2006/07
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FIGURE 2: COMPARISON OF DELAYS (SOURCE: EUROCONTROL CODA, 2007)
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2.5 Turn-round Complexities

A turn-round delay may have numerous causes. Ekengh each turn-round is
unique in itself, there are complications occurramgregular basis that have to be taken
into account when calculating TOBT. E.g. the conyp8iTA (SITA, 2009) describing
itself as the world's leading specialist in aimgport communication and IT solutions,
notes that aircraft turnaround complications caermga from:

» processes that differ depending on the airlinegaaride aircratft;

» airports having different levels of capacity thapiact turnaround performance;

» pressure to achieve the optimal long-haul passéngego mix;

» the shrinking window for receiving passengers/capgor to departure affects
fuel truck availability and fuel requirements;

* reduced staff;

» pressure to utilize aircraft more efficiently adimit ground time;

» zero excess fuel requirements (excess fuel isdtepé to safe minimums);

* increased air traffic; and

» limited airport expansions (increasing need forrapenal efficiencies).

The complexities which arise from the differencesaeen the turn-round processes
are part of the focal point of this project. Thealgsis starts with a categorization of
turn-round processes as either within the crifpedh of parallel or part of the sequential
chain of turn-round events. While parallel turnamduprocesses can also cause delays,
poor coordination or unawareness about the progrfessquential turn-round processes
is usually responsible for a turn-round delay. Tigio the number and kind of processes
can differ between airlines, airports, operators situation. Figure 3 provides a general

overview of the different sequential and parallehtround processes:
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FIGURE 3: TURN-ROUND PROCESSES (SOURCE: WU, 2008 &SNELLING, 2002)

In order to get time estimates for turn-round psscelurations, each individual
process has to be analysed. As illustrated by xhenple ofbaggage loadindime, the
issues that have to be taken into considerationnwdrealysing process duration of
baggage loadingnclude size, amount, and weight of baggage, iraimse available,
nature of baggage, bulk, baggage per passengeatjdocf compartment, timing for
loading, special passenger baggage, life cargalable loaders, available equipment,
amount of Delivery At Aircraft (DAA), Unit Load Dewe (ULD) or loose loading,
distance and movement time from baggage check-@&irtoaft to be loaded, etc. This is
an example of the complexities arising from jusirgyle process within this turn-round
process chain that has to be considered in ordemake estimates of the time when
baggage loadings completed. Accurate process completion timesafioturn-round
processes however, are essential for making relgdictions of the TOBT.

Additionally, the overall turn-round time variein flight to flight because of the
different passenger numbers or the amount of grcuwamatlling services required. A
typical approach of airlines to managing the twunad operation is by using a turn-
round reference model, where pre-defined timeframédgate the coordination dll
ground handling processes towards the end of thertwnd. The reference model
incorporates the different durations of ground Hagdservices for different aircraft

types.

The airlines assign ground handling services tal tharty companies. Service Level

Agreements (SLAS) are negotiated between the aidind the ground handling company
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to reinsure that quality standards are maintairedeguired by the airline. Figure 4
shows a generic reference model of a turn-rouradratnote position where the number
indicates the time before EOBT in minutes; howesdepending on the specific turn-

round situation the actual turn-round itself carfdsemore complex.
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FIGURE 4: GENERIC MODEL OF TURN-ROUND TIMES

Different strategies exist among airlines for tixeaution of the turn-round. While
low-cost carriers tend to use a ‘team strategy’ nehee team is assigned to each turn-
round to handle all turn-round activities, the p@iémg strategy among incumbent
airlines is to handle the turn-round through gralipecesses and sequential work flows,
where different units are responsible for individdiews, e.g. baggage handling,
catering, cleaning, etc. This strategy however irequgood coordination between the
participating units. In general, the number of jggrating functions today is rising
because the airlines are increasingly employingl tbarty service providers for ground
handling services. This complicates the coordimatequired during each turn-round
with the consequence that the responsibility ferdterall turn-round management is not

visible or is lost among participants.
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2.6 Turn-round Monitoring Systems

To counteract emerging delays resulting from imgiregly complicated ground
handling processes and the short time often avail the turn-round, airlines often
use different turn-round monitoring systems whidatde them to compile timestamps
in real-time - either manually or automaticallyg.evia anAircraft Communication
Addressing and Reporting SystéACARS) or other sensors on-site. Such monitoring
devices range from WIFI (Wireless Fidelity) handdher WLAN (Wireless Local Area
Network) systems with manual process tracing tediinstallations based on Radio
Frequency ldentification (RFID) technology and tloéten allow tracking each single
ground handling process while using this data fonmoring the overall turn-round.

However, in order to understand how a single grduanatlling process can influence
the overall turn-round performance, the effectrofradividual turn-round process on the

path of ground handling events (See Chapter 3gljdbe taken into consideration.

Allegro or HubStar are tools that are used for monitoring the twuAd in the
Airline Operation Centers (AOCs) or used as a guobandling data base. HubStar
describes itself as a generic product able to ataphy turn-round operation. It also
claims being able to monitor the concatenation @fetated handling tasks for turn-
round flights, arrivals and departures, to identifig critical path and in doing so,
supplying all decision-support information requittd EGRO was developed to
gather information with focus on timeliness of tmound processes between in-block
and off-block time. Landside and airside processesbe analysed in order to identify
required measurement points where timestamps casetbéSee Appendix 1IV). Such
monitoring tools are named differently when useddifferent airlines; however, the
functionalities of these tools are similar. Wu (8p06laims that application of such real-
time monitoring systems makes turn-round operatioare transparent, identifies

potential delay sources, and helps to develophaidchedule optimization algorithms.

2.7 Turn-round Shortcomings during A-CDM

The Airport CDM Operational Document (EUROCONTRORQ03) describes
shortcomingf today’s operational processes. These include:
» Unsatisfactory information exchange between aitapperators/ground handlers

and ATC/FMP or airport operators. As a result, ooty decisions regarding
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management of ATC and airport resources such agayrtaxiways, stands and
gates are suboptimal, but also adherenceAito Traffic Flow Management
(ATFM) restrictions and airport slots are likelylie compromised.

« Often no visible link between airborne and grouedment of the flight exists
with the consequence that changes within one segatemot communicated to
all participating partners. Hence, pre-planningapipropriate measures to re-
schedule resources or other activities necessamyotdbe done. This results in
poor data quality or predictability of flights cegments of flights.

* At most airports today, default taxi times are usedalculate an in-block or off-
block taxi time. However, due to the size of thpaits and the weather at the
airport that defines the runway configuration, téxies can vary significantly and
default values result in inaccuracies and hampedcuGded Take-off Time
(CTOT) adherence. As a result, poor traffic pradicieads to inefficient use of
existing en-route capacity, bunching or even semterload.

e Ground processes and en-route traffic is not yesidered as a time-dependent
chain and therefore, the impact on down-streamteviemot evaluated. Aircraft
operators compensate for this information lack ksing their own fleet
management systems. However, the picture gainedetircraft operators’ daily
network operation is only a part of the entire reev- often failing to include
ATC and stand or gate management from airport padare. Airport partners
often do not believe that such information couldriieresting for them. To tackle
this problem, CFMU tries to obtain a view of therqgete ATM network in order
to identify bottlenecks and calculate regulatiohsgquired. However, the quality
of such regulations depends largely on the qualitavailable data. The major
source of inaccuracy is th&stimated Take-off tim€ETOT) derived from
Estimated Off-block TimgOBT) + default taxi time.

*  The still prevailing principle of ‘first-come-Bt-served’ does not reflect the ATC

situation or takes aircraft operators’ preferenngsaccount.

e Also an airport aiming for maximum efficiency camnrinto problems during
events that require procedures different from steshaperations or cooperation
among partners. Even though operators have ditferesthods of dealing with
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such events, the overall operation can be affedtethese methods are
inconsistently applied or cooperation is poor. Agsult, available capacity is not

fully used at the time needed during such advesaditions.
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3 HUMAN DECISION MAKING AND DECISION SUPPORT
3.1 Decision Support Systems
3.1.1 Introduction

Human decision making is a crucial element of towrd management and airport
operation, but often shows conflicting demands ampatrticipating partners. As an
answer to the increasing complexities at airpostseeially during aircraft turn-round,
the A-CDM concept was established which considersision making as one of the
most critical activities for successful flight opgon (EUROCONTROL Doc, 2009a).
In order to provide support for all airport partmeluring turn-round decision making,
the Airport CDM Information Sharing Concept haseeeated as one of the essential
elements for decision support. This should be alel during all phases of the flight,
including the turn-round phase. The most cruciatisien during this phase is the
TOBT assignment and TOBT updates to the actuaatsito. However, the decision
support that is required for TOBT assignment egdgcduring the turn-round phase,
has never been systematically analysed to thetdfiat TOBT prediction typically is
based on oversimplified approaches leading to pmouracy and stability of the

predictions.

During management of the turn-round, every decisibout the affected turn-round
processes produces a TOBT. This target time masurn-round controllers’ estimate
of the time that the aircraft is ready for push¥baad start-up. This decision includes
her/his opinion about completion of the turn-rowmdl sharing this information via the
A-CDM Information Sharing Platform. This decisioarceither be based on her/his sole
opinion about the turn-round completion or on arstiapinion encompassing her/his
own assessment and the inputs or turn-round updehtesh he receives from other

participating actors like ramp agent, aircraft pitar flight manager.

The underlying question for the development of &iflen Support System (DSS)
that aids TOBT prediction is now: What role anddions can be assigned to a DSS
that as a result is then able to assist the tunngananager in his task? Millot (1987)
states a number of functions required by such tesy# seen from user’s perspective
which include assisting decision makers in their decision processing semi-
structured tasks; supporting and enhancing rathéant replacing managerial
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judgments; improving the effectiveness of decismaking rather than its efficiency;
attempting to combine the use of models or anallytechniques with traditional data
access and retrieval functions; specially focusomgfeatures that make them easy to
use by none-computer people in an interactive medgphasizing the flexibility and
adaptability to accommodate changes in both ther@ggh of the decision maker and

the environment in which he acts’.

However, even with the improvement of today’s tembgies for enhancing the
performance of DSSs, the growing complexity creatasrdle for the design of support
systems incorporating these functionalities. Clea#n(2002) realizes this problem and
proposes as a first step to describe the requirsnienunderstanding decision makers

by asking:

« What are the specific data needed, in what condéext,when?

* How does it need to be processed and integrated?

* What should be its representational form?

* How should this form be encoded into sensory fona mapped to an interface
for information extraction by the decision maker?

« What are the performance limitations of decisionkena in accessing and
decoding information?

« What proactive strategy is used by the decision emak unanticipated

situations?

The search for a suitable decision support systenufn-round management might
also benefit from comparisons to the current shidstfand functionalities of other
decision support systems. O’'Neill (1996) descrithes limitations of current decision

support in command and control environments whichuide:

« difficulty in eliciting tacit expert knowledge;

» decision makers’ discretionary need for orderingk¢aand determining task
goals themselves based on their local, dynamiatsitos;

« difficulty in eliciting implicit expert knowledge mut desired situation end
states (goals) and impossibility of representinghsknowledge as symbolic

rules;
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« difficulty, if not impossibility in particularly dgamic situations, to completely
predefine information requirements;

» failure to incorporate knowledge about operatigolahs and context in which
aid is provided;

» lack of mechanisms for supporting change;

* no formal facility for framing and solving ill-statured problems; and

* lack of support for informal communication amongcide®n makers and for

capturing the context of this communication forgmses of recall and reuse.

In order to accommodate these limitations O’Neithgoses the design of a highly
flexible decision aid architecture that is ablestgport also emergent work behaviour
and provide an answer to the inadequacy of themeytroblem-solving method which
is currently used for decision making. Examplesatitmpts to design methods to
operate on routine basis are the ‘Turn-round RateréViodels’ of the airlines (See
Chapter 2.6); However, such standardized turn-rounddels are not able to

accommodate for non-standard situations requitarglile decision making aids.

3.1.2 Intelligent Decision Support for TOBT Assignrent

The traditional A-CDM Information Sharing Conceptes not provide a decision
support that gives the flexibility required for thesignment of a realistic TOBT based
on all available information. Existing systems pdevextensive information and data;
nonetheless, no concept fatructured ways of dealing with complex turn-round
situations can be found. In addition to the aspéetsipering successful turn-round
management as outlined in Chapter 1, the complexitige relations between all airport
partners, the number of decision makers and orgaons involved, the amount of
information sources available, and the decreasimg tof the turn-round itself are

contributing to the requirements for a DSS thaike to aid TOBT decision making.

Intelligent Decision Support Desiga an approach that integrates human intellectual
and computer capacities to not only provide passnfermation, but to actively
improve decision making quality in semi-structurptbblem situations (Keen and
Morton, 1988). It is particularly necessary, if thmount of information is so large or
time constraint so high that human errors are yiKk8ladomski, 1999). Especially when

coping with unexpected situations, decision makeesrequired to immediately apply
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complex knowledge which - if not properly availableauses poor decisions. Gadomski
(1999) proposes an Intelligent Agent Approach for tevelopment of an Intelligent
Decision Support System (IDSS).

According to Hollnagel et al. (1985), the developtnef an IDSS that is able to
perform such cognitive tasks requires a correspandhift in the multiple disciplines
that can support effective human-computer systekssa consequence, contributions
from decision theory, systems engineering, cogaitengineering, and artificial
intelligence have to be integrated into the devalept of an IDSS (Figure 5).

A minimum of two of such disciplines should be conda in order to develop a
comprehensive description of an IDSS (HollnageB5)9 For this research study the
disciplines of Cognitive Engineering (see Chapte8) 3and Decision Theory (see
Chapter 3.1) were chosen in order to describe @veldp a decision support system
that can support decision making in the A-CDM wakstem. While studying the
literature some overlaps of the cognitive engimeeriand systems engineering

disciplines were found.

Artificial
ntelligence

INTELLIGENT

Decision Theory DECISION
SUPPORT

Cognitive
Engineering

Systems
Engineering

FIGURE 5: DECISION SUPPORT IN PROCESS ENVIRONMENTS (SOURCE: HOLLNAGEL, 1985)
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3.2 Decision Theory
3.2.1 Introduction to Decision Making

Decision making can be defined as amtcome of mental processes (cognitive
processes) leading to the selection of a coursetdbn among several alternativ@gc
Dermott, 2008). Decision making has been subjectative research from several
perspectives, e.g. from a psychological perspeas/¢he ‘individual decisions in the
context of a set of needs, preferences and valuas imdividual are examined’ or from
a cognitive perspective where the decision maknoggss is regarded as ‘a continuous
process integrated in the interaction with the emment’. From a normative
perspective, the analysis of individual decisiossconcerned with the logic and

rationality of the decision-making.

This chapter does not intend to provide a compr&kieranalysis of decision making
perspectives or theories, but to introduce thewaetiecision making aspects that could
have an influence on the design of a possible mecisupport system for TOBT
decision making. The aim hereby is to identify ical aspects for decision making
related to the specific operational scenarios efttirn-round and the task of assigning
an accurate completion of the turn-round by préeagcthe TOBT. ThéDecision Making
Theoryis one of the four pillars that have been chosetetelop an intelligent decision
support for the A-CDM work system (See Figure 5).

Even though the A-CDM concept has already beerbkesttied and realized as a key
enabler for today’s turn-round operation, a numbgrtheoretical decision making
aspects can be identified that have not yet be#itisuatly taken into account, but are
necessary to understand how decision support ih auspecific process environment
can be provided. Due to the turn-round complexitgt therefore limited possibilities to
manage the turn-round processes - especially irnpeoted situations, a structured way
of decision support for turn-round monitoring an@BT decision making is seen as
beneficial.

According to Hollnagel (1985), decision making ontplex environments no longer
follows a single set of rules or strategy, but ¢ansattention to the process is required,

because its state can change dynamically. In addita process execution with
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optimized outcome depends more on the environmérthe processes than on an

optimized sequence (Boeckmann et al, 2008).

A number of aspects from decision theories tha¢cafiCDM during turn-round

management with focus on TOBT decision making iaesl out.

3.22 Situational Awareness during Decision Making

Situational Awareness (SA) can be defined the ‘perception of environmental
elements within a volume of time and space, thepoeimension of their meaning, the
projection of their status in the near future, andluding the prediction of how their
behaviour may affect the environmenfEndsley, 1988). Common Situational
Awareness (CSA) has been proposed as a key enélesuccessful A-CDM
(EUROCONTROL, 2003) and describes the aim thathfligrogress information is
freely and universally available to all interesfetties within the A-CDM Information
Sharing Platform. Although a common view of thgtili progress is not essential as a
core of information available to all users in tl@en® form and for common awareness,
many types of flight progress information are regdithat are able to turn out in an
unique understanding and response by the parti@iltport partner or actor. For
instance, the airport focuses on a picture of thghtf progress for taxi guidance or
parking stand assignment, while the airline focusesa picture of the aircraft and

passenger flows.

SA has become a central model of many real-timésaecmaking problems within
dynamically alterable environments where informatis constantly changing and
frequent monitoring is necessary to grasp the otrstate of knowledge (Endsley,
1988). Stewart et al (2008) argue that SA shouldekamined in a system-wide
perspective rather than individual-oriented. Sheppses the novel characterisation of
Distributed Situational Awareness (DSA) in a teamwmontext based on the argument
that cognitive processes in distributed teams oatarsystems rather than an individual
level. Relevant cognitive factors include the repreation, transformation, and
manipulation of information. As a consequence, eadlvidual member of a team uses
the information in a way that supports his/her omental picture of the situation.
Stewart (2008) defines Distributed Situational Asreess (DSA) therefore, as activated
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knowledge for a specific task within a system. TI8A theory was developed by
Stanton et al (2006) and is based on six basicosibpns:

e SA s held by both human and non-human agents.

« Communication between agents may be in the forrmani-verbal behaviour,
customs, and/or practice.

* Non-overlapping and overlapping SA depends on ¢emis goals.

* There are multiple facets of SA pertaining to tlaene scene held by different
agents.

* One agent may compensate for degradation in anatfegit’'s SA.

3.2.3 The Aspect of Time

While process environments are characterized bg tionstants, Volta et al. (1986)
points out that decision theories traditionally mim contain any element of time and
therefore fail to recognize an essential attribokeprocess environments. However,
decisions can be viewed as separation or cut ie.tBefore and after a decision has
been made, things may look different. Volta alsonnsxts space and time as
phenomenological dimensions. When viewed from treesgective of experience,
decisions can be completely different and so hdsetbnked with the decision making
process as part of the decision making structuretime is a factor. Although
historically, preference has been given to statici@ebs of decision making and the time
dimension has been realized, the dichotomy betwbensubjective/perceived and
objective/physical time aspects remains a challemgen modelling time aspects in

decision making processes.

Recognized time aspects during TOBT decision makigthe dynamical changes
of the turn-round process state requiring constdtention by the decision maker.
Decision making trade-offs result from the numbketuon-round processes that require
a decision and the time available for monitoring firocesses in order to make the
decision. Control loss has to be expected, if datimaker fails to maintain attention.
Available knowledge bases are required in ordercdasult the decision makers -
assuming time is sufficient. Another time aspectthe moment itself when the
information required for TOBT decision-making emesg The significance of the
moment that this information is available and tdeectly used for TOBT decision has
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not been analysed yet, but may affect TOBT decisiaking significantly. Interactions
for such information exchange between participatirgort partners and actors with

time aspects are referred to here as ‘asynchrommas’synchronous’ interactions.

3.2.4 Turn-round Dynamics: The Uncertainty Aspect

Another characteristic of turn-round managemerhés uncertainty about data and
information arising from the complexity and dynasaf the turn-round. Since time can
be critical during turn-round management, requkedwledge for the process must be
directly available, if a decision is required. Télegy, knowledge is seen as a set of
flexible and adaptable skills allowing the actordecision maker involved to wield and
to apply information as required to the specifienttound situation/problem. Such
skills are in part, what differentiates informationdata from knowledge. On the other
hand, the information/data available has to beeshbetween partners involved where
required, and procedures need to be establishedstéordardized sharing of such
information/data opposite to sharing informatiotédaccidentally as it is predominant
during real time operation. The amount of process®el number of actors involved for
each turn-round process can be so high that failuresharing information during a

single turn-round process can jeopardize the oveenral-round.

Another uncertainty aspect is the inherent riskun&nticipated events resulting
momentarily in a heterogeneous information shasitigation, e.g. the captain detects a
technical failure during the outside visual inspmttof the aircraft, but so far no one
else is informed about it. This however, can happem shortly before passengers start
boarding, but during normal turn-round operatioghl crew members are generally not
directly involved in turn-round process coordinatid’ herefore, this information has
first to be transferred to the turn-round contnolle order to be reflected in the TOBT
decision. Since such necessary interactions betaetens and airport partners can arise
at any time during turn-round, optimized coordioatiof the processes is required in
order to make reliable TOBT updates.
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3.2.5 Human-Information Interactions during Decisian Making
A. Introduction to Human-Human Interactions

The design of interfaces for intelligent decisionpgort systems requires an
understanding of the human-human information intevas taking place within the
system under analysis (Belkin, 1985).The concepA-&fDM elicits only information
interactions between the recognized airport pastv@ thelnformation Sharing and
Milestone Approacl{See Appendix I). Interactions between airport mend are here
referred to aHuman-Human Interaction§HHI) and Human-Computer Interactions
(HCI) at the planning level. However, many interag$ required for information
exchange during the turn-round arise from HHI &t alation level or HHI between the
actionand planning levels: whereby, HHIs at thetion levelrefer to interactions that
can be found among actors like pilots, ramp ageseisjice providers or others. Usually

they have a shorter time span and less abstramtimpared to HHIs at planning level.

In this context it will be investigated, how theédractions between the action level
and the planning level are established during toumd and whether they create the
situational awareness required &ly participating. Focus is applied to HHI situations
between aircrews and other airport partners dutimg-round where cooperation is
required for the coordination of processes. Allgesses between Milestones 7 and 14
should be regarded where interactions between thtienaand planning levels are
mandatory. Examples include not only interactionsrdy all turn-round processes like
boarding, loading, catering, fuelling, cleaningt lalso those interactions with ATC:
Starting from aircraft leaving the parking positia@oordination with other departing
aircraft is necessary prior off-block for the usagjetaxiways, runways and airspace.
While it is the responsibility of the pilots to exde the flight according to defined rules
aiming at the highest degree of safety possibleC A responsible for flight safety by
keeping sufficient separation between aircraft aye during taxi and take-off, and
managing air traffic flow by issuing clearanceshe pilots. Differences in the level of
control between pilots and operators like ATC irchsisituations are that ATC has
authority over assigning the taxiways, runways, aimdpace in form of clearances to

the pilots and again depend on cooperation frootgito adhere to these clearances.
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The results gained from the literature researchtra$ Chapter have largely
influenced the design of the experimental studg@operative information sharing (See
Chapter 7).

B. Incomplete and Asynchronous Information-Interacins

The designers of the turn-round process contral lads’e to determine the level and
timing of information required allowing for adeqaatituational awareness. They need
to determine what kind of information has to be redaand when. However,
Parasuraman et al. (1996) argues that as far asrtsuere involved in information
provision and creation, failures may occur resgltin drifts of perception and not

established situational awareness having obvionseguences on process reliability.

To share information, operators like aircrews, gibthandlers or other airport
partners communicate with each other either verb@lg. via phone or radio) or
through written text (e.g. via ACARS) while Contesl Pilot Data Link Communication
CPDLC is only used during en-route phase of tightliHence, how the airport CDM

information sharing process is influenced by tHeWing variables, has to be analysed:

e Synchronous versus asynchronous interactions: synohs interaction means
that all actors and airport partners share thermmédion required for TOBT
decisions at the time that the information ariseifigi any available interaction
tool as opposed to asynchronous interactions wadmae delay arises between

emerging and passing on of information.

« Homogeneous or heterogeneous information distobutactors and/or airport
partners do not have the same information availéidérogeneous) as opposed

to homogeneous information where all involved sliheesame information.

During turn-round process managemaemigractionsbetween participating actors or
airport partners can bgynchronousor asynchronousCoordination of actions takes
place by way of predetermined key eventslg¢stoney organized as a sequence of
interactions between airport partners; if a nomsaad situation (like aircraft change,
technical repair, adverse weather operation, etxyrs, ad hoc coordination through
face-to-face communications or via two-way radidaite phone between the affected

actors has to take place. However, because ohtbamnation dynamics in the volatile
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environment of the turn-round processes and thegin@rtasks of the different
participating actors/airport partners’ informatialstribution during the turn-round

process is stilheterogeneoubetween participating airport partners and actors.

Homogeneous information sharing is not always @éasychieve because barriers to

sharing information can exist.

C. The Notion of Cooperation during Human-Human Ietactions

According to Ferber (1995), three variable comptsmenHHI are required to classify
different types of interaction situations as coapien, antagonism, and indifference
situations. These components arealmas resourcesandabilities inherent in the minds
of all participating actors. Depending on the dmttion of the components among
actors it can thus be analysed whether a conteetplatirn-round situation is
cooperative or non-cooperative in itself (see Feg@y. The question is whether the
individual aims of the participating actors are gatible or conflicting, the resources
sufficient or limited, and the abilities of the peipating actors sufficient or insufficient

to complete their assigned tasks.

The aim of the analysis here was to identify how/ lttH| are established between the
pilots and the others during the turn-round and ek&ent of cooperative behaviour
during the day-to-day turn-round operation amorgaefors. This was done during a
survey study with airline pilots, which aimed a¢mdifying critical situations for TOBT
adherence (See Chapter 5). Cooperation is assummecessary in the context of A-
CDM and therefore, TOBT decision making.

D. The Emergence of Cooperation

In the context of turn-round operation, HHite geen as dynamic relations between
pilots and other operators and are establishedighra number of mutual actions. Each
action by one operator has consequences that mei#uthe behaviour or the prospective
behaviour of the other operators. Ferber (1995)ndsfinteraction situations &s
number of behavioural patterns which evolve frogr@up of agents, who have to act in
order to reach their targets; thereby, they haveregard their more or less limited
resources and capabilitiesBy using this definition, interaction situatiortan be

described and analysed, because it defines abstategories like cooperation,
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antagonism, and indifference by differentiating efved key commonalities and
different interaction situations. The relevant cam@nts for classification of interaction
situations are the aims and intentions of the difie agents, the relations of the agents
to available resources, and abilities of the agewits regard to their assigned task.

These criteria are used to define the differen¢$ypf interaction situations (Figure 6).

Aims/ Interests | Ressources Abilities Type of Situation Category

compatible sufficient sufficient Independence Indifference
compatible sufficient insufficient Simple working together Indifference
compatible insufficient sufficient Blockade Cooperation
compatible insufficient insufficient Coordinated collaboration Cooperation
incompatible sufficient sufficient Pure individual competition Cooperation
incompatible sufficient insufficient Pure individual competition Antagonism
incompatible insufficient sufficient Individual resource conflict Antagonism
incompatible insufficient insufficient Collective resource conflict Antagonism

FIGURE 6: CLASSIFICATION OF INTERACTION SITUATIONS (SOURCE: FERBER, 1995)

Each type of interaction situation has its own tretatowards cooperation: In an
Independencsituation, no interaction takes place and sufficresources and abilities
allow a coexistence of operators without any c@mnstr This situation has no relevance
for ATM at congested airports. Aimple Working Together situatiodefines a
collaboration situation which does not require diation between operators because
resources are sufficient, while ®lockade, Coordinated Collaboration, Pure
Individual/Collective Competitionand Individual/Collective Resource Conflicire
situations which are expected to dominate in oumtexmplated HHI situations. These
situations require coordination between operatoi, a@epending on resources, aims,
and abilities, can result in cooperative or antagianbehaviour.

According to Ferber (1995), the prerequisites foman-human interactions to take

place are:

* anumber of actors, who are able to act and conuate)i

» situations where actors meet or act via telephatieeach other;
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« dynamic elements, which allow local, time limitedations between agents; and
* a certain slack within the relations between thenégy in order to not allowing

them to maintain or get out of the relations.

According to Hoc (2001), cooperation can exist witkarious levels in terms of
distance from the action itself: A cognitive arelgiiure of cooperation model classifies
cooperation in abstraction level and process timpgedding on the proximity to the

action itself (Figure 7).
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FIGURE 7: PROCESSING ARCHITECTURE OF COOPERATION (SOURCE: HOC 2000)

The main benefit from the study of HHI situatiossexpected from an identification
of antagonistic situations on the action, plannioigbetween the action and planning
levels. At action level the operators perform operational activities teglato their
individual goals, resources, and abilities. Hoc dafined four types of activities at
action level: Interference creation (e.g. mutualntom), interference detection,
interference resolution, and goal identificatiorofbidentification also incorporates the
identification of other operators’ goals). Coopenatat action level has short-term
implications for the activity, as opposed to therenabstract type of cooperation at

planning level. Interference creation relates te deliberate creation of interactions;

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 59



| Chapter 3: Human Decision Making and Decision Supprt

whereas interference detection to the ability ofedeéng interferences, especially in
non-deliberate interference situations. Interfeeemesolution relates to the actual
interaction in order to find a cooperative solutidutual domain knowledge is the
basis for other operators’ goal identification, fexilitate operator's own task, the

other’s task, or the common task.

At planning level operators work to understand the situation byegging schematic
representations that are organized hierarchicallyused as an activity guide (Hoc et al,
1998). Schematic representations include the camdegtuation awareness (Salas et al,
1995), and operators’ goals, plans, and meta-krayel§Hoc et al, 1998). Therefore,
the current approach to CDM operation in ATM isrsaes an approach with the aim of
achieving cooperation on planning level. De Terssat Chabaud (1990) use the term
‘Common frame of Reference’ (COFOR) as a mentaksiire playing a functional role
in cooperation. As a shared representation of ithatsn between operators, a COFOR
is likely to improve their mutual understanding (l&a et al, 2002). The topmost level
in Hoc’s model, the meta-cooperation, as a leveebiged from knowledge of the other

two levels.

A number of further theories on cooperation werentbduring the course of research
that deserve attention, because of their potetgiamprove cooperation in complex

environments. They can be found in Appendix V.

3.2.6 The Influence of Aircrew Decision Making

Aircrew decision making is usually seen in the eantof (aircrew) team
performance, Crew Resource Management (CRM), aand teaining. However, while
the turn-round manager is primarily responsibletf@ turn-round operation planning,
participating actors — including aircrew — are mspble to safely execute the turn-
round processes: Dispatch of the aircraft is onbgspble, if the pilot deems all
processes complete under the maximum possibleysatetsiderations. In various
situations, these considerations require interastiand interrelations between aircrew
and other actors involved in turn-round operatlmetause relevant information required
for TOBT can result from such aircrew decision mgkand has to be shared with the

turn-round manager.
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Redding et al (1983) mentioned the problem of rantifg a unified framework for

sharing a common decision-making process with @wsr but emphasises the

importance of having a shared mental model foratibmal awareness and decision

making.

For the design of a DSS that enables optimum daetisiaking, it has to be analysed,

how information sharing and situational awarenesg/éen aircrews and ground parties

can be accomplished. Hence, these questions hdeaddressed:

How is required information delivered to the codRpi
How is required information delivered to cockpittome?
How is the information, forwarded from cockpit héedlby other actors?

How long is the delay resulting from informationathis not shared between

cockpit and ground?

3.2.7 Modes for Sharing Information between Aircrewand Ground

Information-interaction tools available to the cpitldiffer depending on whether the

aircraft is on ground or in flight. Some possibleans that are available during flight in

the cockpit for providing information include:

ACARS: interface to address information requeststaoprovide operational
information directly to the turn-round controllet the arrival or departure
airport. This can be used to address all issuesetnimg ground handling
processes, especially those arising during flighther ground handling service
providers can also be addressed directly.

Direct voice communication can be established betwaircraft cockpit and
turn-round controller can also be established wia-way radio communication,
if the aircraft is within the reception range oétground stations.

On Ground: Mobile phones with short-dial functiaie available for cockpit to
contact turn-round controller or other ground harglservice providers.

Direct Information exchange with ramp agent.

3.2.8 Decision Aiding for A-CDM

Given the number of characteristics that may infagethe outcome of the decision-

making, the proliferation of decision aiding thouggnsultants, analyses, or computer is
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not surprising (Humphreys et al, 1983; Stokey amdkhauser, 1978; Wheeler and
Janis, 1980). A number of reasons can be attribtaethe difficulty of individual

decision making. These include identification of pbssible courses of action,
evaluation of attractiveness or possible consegsgressessment of the likelihood of

each consequence, and the integration of all tb@ssiderations (Fischhoff, 1986).

While already individual decision making can bdidiflt, decision making becomes
more demanding in complex systems where interdependecision makers are
responsible for overlapping portions of dynamiauaiions. If putting together the
various perspectives of multiple decision makeng hotion of distributed decision
making has been characterised and defined asitgtion in which decision-making
information is not shared completely by those wvathiole in shaping the decision
(Fischhoff, 1986) A further characteristic of TOBT decision makirg the spatial
separation of decision makers, but only with a aertdistribution of freedom to
decision-making. Airlines’ control rooms provideset-up to centralise TOBT decision
making. However, it is still a form of decision niadx asking for future elaboration,
because it has not yet been analysed how decisaang at the various locations
versus centralizing decision making has affectesl dbitcome of the overall TOBT

decision.

Common data sets are established among airportgpanivhen introducing A-CDM.
Such data sets include also process updates avaiheus milestonesaiming at
increasing the common situational awareness amanmeys and creating an overall
picture of the situation. However, it has also melveen analysed what parts of the
overall picture is actually required by the indiwa decision maker at the various
locations of airport in order to create a situagdloawareness thdte/sherequires for
making his/her decision: do all partners reallychee have thesameoverall picture or
is it even better if each partner only possessesrformation about the parts of the
picture that he/she requires for making the dewssior is necessary for managing
his/her own resources? Such considerations shoukb anvestigate what
communication/interaction links are required sd tha information can be best shared

among actors.
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It is also argued that distributed decision-malstrsuld have a picture of the other
participating actors’ aims and intentions in théevant situation, because this picture
will shape their situational awareness and comnatioic behaviour and thereby affect

the outcome of the decision making.

Complications increase even further with themberof individuals involved during
turn-round management. This again calls for anglgEbehavioural significant patterns
about how the individual actors understand and mdaie their environment. This

should be considered when designing an Intelliggaision Support System.

3.2.9 Single versus Multiple Decision Makers

When centralizing turn-round decision making intsirggle-person decision making
process, the risk of cognitive or personal biaseseiases because of the difficulties like
those mentioned above. According to Fischhoff (3986mplications can arise through
uncertainty factors like misperception or overcdafice in decision makers’
knowledge. In dynamic situations, undue adhereadavioured hypotheses or potential
solutions can also be causes for poor decision mgakiVhen comparing these issues
with those arising from multi-person decision makiobservable arguments in favour
of individual decision making include the multigjeals of participating individuals that
have to be managed and the more views that hauee tbheard. Nevertheless, any
participating actor’s experiences could signifitamfluence both, the affected process,
as well as the overall turn-round process and shthdrefore be taken into account by

decision makers.

A further aspect which should be mentioned in rqudtison decision making
situations is reliability whereby the source ofdee can be external (e.g. disruption or

equipment failure) or internal (e.g. disinterestlesire for autonomy).

The volume of information can have a double-sidétce while too much
information can create an overload condition with tisk of not being able to handle
the situation anymore, a suitable amount createmtginal awareness. Information
volume also has an impact on the required commtioicéor information exchange: if
communication lines are not linked appropriatefycan become impossible to manage

the coordination of information.
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3.2.10The Notion of Distributed Decision Making

Based on the identified characteristics of suchtirpgrson decision making, the
approach used for TOBT decisions requires modetlliagjsion making situations with
clear sharing of responsibilities and either cdizied or decentralized ways of
communicating the information and mechanisms touenghe highest extent of
reliability possible. For decision making in such anvironment, the notion of
Distributed Decision Making is used as a relativebyv terminology in order to account
for the changes in multi-person decision making #ra possible through advances in
technology. Such technology includes expert systemsomputerized decision aids
which not only increase the distance over whichviddals share data, information or
instructions, but also the amount and the automatib such exchanges. Fischhof
(1986) proposes a number of design guidelinesn id@proach to distributed decision

making is used:

» The reality of all participating decision makerseatch node should be regarded
for the design (e.qg. if designers are unfamiliathwhe operation, they must first
learn about it).

* Many group problems may be variants of individualigpems.

* Problems attributed to technology are not necdgsaaused by their novelty.

» Distributed Decision Making design requires dethiempirical work achieved

by resisting simplistic design philosophies.

Nevertheless, approaches to implement such guedehpparently failed when used
to design decision support for complex technicatesys (National Research Council,
1983; Perrow, 1999; Rasmussen and Rouse, 1981jefohe Fischhof et al. (1986)
propose describing such problems, to devising ptessbuntermeasures, and validating
these through empirical tests. He identifies pdsgibmedies like: making contingency
plans more realistic, generating options for nalesision-making situations, improving
accessibility of information via computerized datsés, structuring judgmental tasks to
make better use of people’s mental capabilities, fanmulating policies that will be

meaningful in varied circumstances.

Today, Distributed Decision Making (DDM) provides feamework within the

Distributed Cognition Theory (see Appendix V) tadt automated supervision systems
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in interaction with humans in complex networks (Rassen et al, 1990). It analyses the
segregation and subsequent coordination of a comgéision problem. Such a
problem may consist of one or more decision makdme may possess individual
information. The DDM approach can be applied wide range of complex decision
making problems; the focus here however is on probl of coordinating complex
decision models for turn-round situations with npt distributed decision makers
having a synchronous or an asynchronous state fofmation. Whereby, during a
synchronous state of information as all decisionkera are having the same
information at the same time available for decisimaking opposite to an asynchronous
state where decision makers do not have the safoemiation available. Such

situations often illustrate problems with the hieracal structures of decision making.

Physical separation of decision makers owning iddi& information critical for the
affected turn-round process is a possessing proftaemmg decision makers during turn-
round management. While various means exist togberithis problem, the cognitive
phenomena also have to be considered when desigmiegctions (Wellens, 1988;
Daft and Lengel, 1984; Short, Williams and Chrisfi@76) as well as the influence on
problem solving and team performance when manimgldhe communication structure
(Leavitt, 1951; Shaw, 1964).

Feedback
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FIGURE 8: DISTRIBUTED DECISION MAKING MODEL (SOURCE : WELLENS ET AL, 1988)
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3.2.11Distributed Decision Making during the Turn-round Process

Despite the tendency to centralise decision makangrOBT decision to a single
turn-round controller who monitors the turn-roundhi control room using different data
sources and interaction tools, the responsibittythe individual turn-round processes
remains within a number of airport partners inahgdthe various service providers,
ground handlers, airport operator, airline represgeres, and participating actors. But
not only the decision maker, also the informati@uthorities, and resources are
physically distributed. Consequently, coordinatagd making decisions suitable for
TOBT accuracy as an overall process outcome and sive the interests of all
participants is fundamentally problematic. Thiseaig the underlying trade-off between
controlling the individuals involved and the neexd lét them respond to their own
demands. Other problems caused by such environneettie difficulty in creating an
overall objective that is meaningful in the divemseunanticipated turn-round situations

and in creating an incentive system that motivat&syone participating.

Hence, turn-round management shows distinct chenatits of distributed decision
making among airport partners and actors with dieénterests. The theoretical concept
of Distributed Decision Making (DDM) is thereforead in order to model the A-CDM
approach. DDM comprises numerous areas as partiftdresht disciplines like
operations research, computer science, organigdtibeory, psychology, sociology,
and others. Research in human factors discipliness aat anticipating and
understanding such decision making in order to slthp design of the organisations
and technologies involved. This means that skillemf different contributing
professions include psychology, industrial engimggrphysical anthropology, applied
mathematics, training, and sociology. Consequestigh problem requires from all of
these areas expertise contributing to human fact@adlaboration among specialist
experts from participating domains has to be estaddl in order to analyse the
environment where collaboration takes place. Despitisting differences between
different systems or domains, they all have sinfilactions and challenges that make it
possible to identify commonalities. These can lge @ocess coordination, allocation of

resources, or responsibility and control.
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Distributed Decision Making research has alread3ntagpplied in areas like military
command and control (Warner et al, 2002), fireftiiglp and the development of shared

software.

Schneeweiss (1999) provides a quantitative deciaratysis approach to DDM for
application to supply chain management, serviceatjgas, and managerial accounting.
He describes three properties of distributed deisiaking systems likenticipationas
the ‘base-level's bottom-up influence on the togeleinstruction as the top-level’s
decision, andeaction as the base-level’s reaction to the instructioeadton can be

either a communication or negotiation process.
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3.3 Cognitive Engineering
3.3.1 Introduction

Cognitive Engineering arose during the 1980s calsethe increased complexities
and challenges faced by human operators, as comgateologies became ubiquitous
in the workplace and changed the nature of workqigp1987). Cognitive Engineering
offers a principled approach to the design and ldeweent of human centred systems
(Pfautz and Roth, 2006). Researchers in cognitiggneering have addressed problems
like the decision making and problem solving supp@ computer systems in domains
like military systems, aviation, manufacturing, @ees control, and medicine.
Fundamental to the research is the emphasis omtaracting triad of humans, the
system to be acted upon, and the manner in whiehhtimans view and control the
system (Woods, 1987; Woods and Roth, 1988). Therdi®y inherent goal of the
interaction design is a mediation that augmentserathan limits humans’ view and

control of humans within the system (Bisantz, 2006)

Cognitive engineering is also an interdisciplinapproach to designing computerized
systems intended to support human performance (&ah 2008). It is concerned with
the analysis, design, and evaluation of complexosiechnical systems (Andriole and
Adelman, 1995, Rasmussen et al., 1994, Woods atig R@88, and Vicente, 2003). The
methods of cognitive engineering consider workerd tne tasks they perform as the
central drivers for system design and provide an&aork of how people perform

cognitive work.

Bonaceto and Burns (2003) describe a number ofittegrengineering methods for
system design and/or system evaluation, and groeim tinto categories according to
their intended purpose. Each method can be orghniz® one of five primary

categories: (1) describing cognitive/behaviourabcesses, (2) modelling/simulating
cognitive processes, (3) modelling/ simulating heharal processes, (4) modelling
erroneous actions, and (5) modelling human-mackystems. While some methods

overlap multiple categories, each method is asdigma "primary" category (Figure 9).
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COGNITIVE ENGINEERING METHODS
Cognitive and Behavioural Described with System Evaluation Methods
Processes Described with Theoretical Frameworks
Modelled with Cognitive Task Analysis
Cognitive Processes
Simulated with Computational Cognitive Modellirjg
Modelled with Task Analysis
Behavioural Processes
Simulated with Computational Task Simulation
Erroneous Actions Modelled with Human Reliability Analysis
Modelled with System-Oriented Methods
Human-Machine Systems
Modelled with Cognitively-Oriented Methods

FIGURE 9: COGNITIVE ENGINEERING METHODS (SOURCE: BO NACETO AND BURNS, 2003)

Cognitive analysis also needs to satisfy a numlbeanalytical aspects, if design
information for innovative decision support is reqd (Potter, 2006). He mentions

criteria like:

» Cognitive analysis must be far more than knowleslgatation.

e Cognitive analysis must capture the fundamentalsghef work domain and
resulting decision making.

e Cognitive analysis must systematically transforrowledge elicitation into a set
of complementary analytic artefacts.

» Cognitive analysis must serve as the basis foniatiee decision support system

design concepts.

Viewing the A-CDM implementation concept howeveveals that so far focus has
been placed on th@rganisationalaspects. While such an approach is useful fostindy
of how the processes of information exchange atelantions with airports partners
should look, it is argued that the confinementagrative aspects in these attempts could
fundamentally contribute to turn-round problem saojv Given the fact that many work
activities are inherently cognitive, e.g. decisimiakers have to process information,
solve problems, predict TOBT, and make decisiorisjsi also argued that an
understanding is required of how work activitiee gerformed at current level of A-
CDM implementation in order to design informatioystems that can support both

cognitive activities and social interactions. THere, a cognitive analysis and

Matthias Groppe Influenc@sAircraft TOBT Prediction Accuracy 69



| Chapter 3: Human Decision Making and Decision Supprt

engineering approach is proposed for the analysiheo A-CDM turn-round concept,

because such an approach comprises a variety dfodsetto describe, model, and

simulate cognitive and behavioural processes ®d#sign of human-machine systems.

3.3.2 Selection of a Cognitive Engineering Method

In order to find the most suitable method for thgeotives of this study, the range of

factors that should be considered when choosingngimeering method as proposed by
Stanton (Stanton et al, 2006) was evaluated. Tihekele:

the accuracy of the method;

the criteria to be evaluated, such as time, errmesymunications, movement,
usability, etc;

the acceptability and appropriateness of the ndsthtm the people being
analysed;

the domain context;

the resources available; and

the cost-benefit of the method.

The selection of the method applied was also basdtie factors proposed by Annett
and Stanton (2000) that included:

How deep should the analysis be?

Which methods of data collection should be used?

How should the analysis be presented?

Where is the use of the method appropriate?

How much time/effort does each method require?

How much, and what type of expertise is needed¢otlie method(s)?
What tools are there to support the use of the od¢s)?

How reliable and valid is/are the method(s)?

The engineering methods that were assessed forartag/sis comprised of 11

categories and included

data collection techniques;
task analysis techniques;

cognitive task analysis techniques;
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» charting techniques;

« human error identification techniques;

« mental workload assessment techniques;

e situation awareness measuring techniques;

* interface analysis techniques;

» design techniques;

» performance time prediction/assessment technigunek;

« team performance analysis techniques.

The main aim during the selection was to find ahoétthat is useful in providing a
valid and reliable output. Thereby, a main selectioterion was the usage of the gained
knowledge: while e.g. psychologists need to geetter understandingf the cognitive
functioning, the usage for the research projectédwawr hadpractical objectives The
findings should contribute to provide intelligergaision support and countermeasures
for inaccurate TOBT predictions. Therefore, eachthnd was assessed against the
characteristics inherent in the A-CDM work systemd ahe possible output of the
analysis applied. A process model proposed by &a(8tanton et al., 2006) was used as
a strategy for deciding what methods to use in, laowl to adapt to the domain context
(Figure 10). Annett et al. (2000) points out thatecand skill is required in developing
an approach for analysing the problem, formulatimg intervention, implementing the
intervention, and determining the success of ttexwiention.

Devel iteri Assess pool of
feve op criteria »| methods against
or ergonomic criteria
analysis
¢ Validate
4 selection
: Validate Select and apply prozess
Validate ment » methods: Analyse
criteria process output
development
A
A
Assessment of the Decide upon
effectiveness of ergonomics
the intervention intervention

FIGURE 10: VALIDATING THE METHODS SELECTION (SOURCE : STANTON, 2006)
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Hence, a method from the categélyman-Machine Systewas used for the analysis
of the A-CDM work system. Such a method considess the entire system, consisting
of all the machines and all the humans, is supptsedork as a wholein order to
accomplish the overall system goal. In contrastrentraditional human factors
approaches are primarily focused on determiningtwdla individual human operators
in the system will play (system-oriented methods).

From the categoryfuman-Machine Systemesognitively oriented methods such as
the Cognitive Work Analysi$CWA) focus on the fundamental characteristicsthaf
work domain and the cognitive demands that are seg@n humans operating in those
domains. These methods complement the Cognitivek Pamalysis and Knowledge
Elicitation methods by mapping out the structured anrpose of the domain, allowing
analysts to identify which cognitive strategiessarfrom actual domain demands and

which are workarounds due to poorly designed syst@uanaceto and Burns, 2003).

The CWA was therefore chosen as an overall framlevand provided a conceptual
structure for gathering, analysing, and structutimg required system knowledge and
system functionality. Figure 11 shows the concdtracture that was used as the basis

for the analysis during the project:

KNOWLEDGE
ELICITATION: Finding
demands, decision
making challenges,
expert strategies, etc.

REPRESENTATION
REQUIREMENTS:
Mapping domain
semantics to syntax
and dynamics of
support tools to
achieve information
transfer requirements

CONTROL TASK
ANALYSIS MODEL:
Modeling
Fundamental
Relationships and
Demands in the Work
Domain

TRASITION TO
DESIGN: Explicit
linking to follow-on
design phase

DECISON
REQUIREMENTS:
Defining
requirements for
effective decision-
making in work

domain

INFORMATION
REQUIREMENTS:
Defining information
transfer requirements
for effective decision-
making

FIGURE 11: APPLIED CONCEPT FOR THE PURSUED ANALYSIS (SOURCE: POTTER, 2006)
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The analysis of A-CDM turn-round process was thedgsmed at a whole-system
level. The focus thereby is not the role of thavitihal operator within A-CDM, but the
fundamental characteristics of the A-CDM work domand the cognitive demands that

are imposed on humans operating within the system.

3.4 Cognitive Work Analysis
3.4.1 Introduction

Cognitive Work Analysis (CWA) is a framework thamerged as a principal
conceptual and methodological tool in the appraachognitive engineering and uses
the distributed cognition as its underlying thedihile the primary aim of Chapter 3.4
is to introduce the CWA, the distributed cognitmncept is outlined in Appendix V.

CWA is a systems-based approach to the analyssgyrdeand evaluation of human-
computer interactive systems that unifies psychioddgand technical considerations,
cognition and the environment where cognition taglese. While traditional human-
computer interaction and system design models aralnle to adequately assess user
needs or to design efficient computer-based inftonasupport systems, modelling
concepts from engineering, psychology, cognitivaersse, information science,
computer science, and cognitive systems engineeniagaken together and aimed at
providing a much broader and dynamic framework daalysis. CWA has recently
grown in popularity for application in various doms e.g. for the conceptual and
empirical work of Vicente and Benda at UniversifyToronto, Lintern and Sanderson at
the University of lllinois, Higgins, Watson, Skittp and Camerion at the Swinburne
Computer-Human Interaction Laboratory, and Lintand Naikar at the Aeronautical
and Maritime Research Laboratory at Fishermens Bamdl Stanton at the University of

Southampton.

Using from the problems faced in nuclear power plaontrol in the 1970's as a
backdrop, Rasmussen (1986) developed the analytarakework of a Cognitive Work
Analysis (CWA) at the Risg National Laboratory irerinark in order to facilitate a

human-centered design of technologies that pea@enutheir work.

CWA is able to provide the basis for the designdetision support systems in

complex socio-technical environments, which is esakfor the design of information
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systems. The rapid development of all types ofrteldygies causes an increasing number
of recorded failures, because these technologiege wet designed to fit the work

practices of their users.

f Environmental Context \

Organizational/ Management Infrastructure

Workers

Technical/
Engineering
System

N /

FIGURE 12: THE LAYERS OF A COMPLEX SOCIO-TECHNICAL SYSTEM (SOURCE: RASMUSSEN, 1996)

CWA uses a range of methods to analyse the vadonstraints that are imposed on
the activities of a particular system. For the gsialof a system design, it is necessary to
understand not only the work actors do, but alsartmformation behaviour in the
context of their work and the reason for their @wéi This allows an application to

specific situations.

According to Rasmussen (1994) and Vicente (199¥WAQliffers from techniques
commonly found in human-computer interaction beeaitscombines a number of

factors including:

 CWA is using methods from multiple disciplines maththan just connecting to a
single discipline.

* The approach of CWA is system oriented rather ggchologically oriented.

« CWA is an ecological approach rather than modelaogvity and uses mental
models as a basis for design. This is also tru¢hiicontext in which the activity
takes place.

 The design of new systems is relatively independgntechnical solutions;
therefore it is called a ‘formative approach’.

» |t is able to handle unexpected situations - paldity situations that may involve
high risk.
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Issues showing the relevance of CWA towards A-CDidlude the fact that the
courses of events in the A-CDM work system canroftet be anticipated, e.g. aircraft
arrival delays, technical failures requiring flighincellations, etc. This means that
interfaces must be designed to support the adapiivé flexible behaviour of
participating workers. Another issue is the tecbggl used during A-CDM. New
developments like turn-round monitoring control mm should allow a radically new
approach to the way how the turn-round is managediever, designers still fail to take
the advantages of new opportunities into accouatabsethey are caught in an
evolutionary task-artefact cycle in which existimgprk practices are allowed to
constrain the options for new desigaikar, 2002). Moreover, the fundamental
constraints in the workplace of all participatingridg A-CDM have not yet been
analysed; so far, focus has only been applieda@dhthman cognitive system instead of

the complex socio-technical system.

3.4.2 Cognitive Work Analysis and Information Sciece

According to Fidel et al. (2004), the CWA is usefor the study of human-

information interactions and the design of infonmatsystems because:

» CWA provides a holistic approach that allows ac¢mgnfor several dimensions
simultaneously.

« CWA is able to facilitate an in-depth examinatidrttee various dimensions of a
context. A study of a particular context is, theref an interdisciplinary
investigation aimed at understanding the interactivetween people and
information in the work context.

« CWA provides a structure for the analysis of hurnmdarmation interaction,
rather than subscribing to specific theories or emmdit is possible to employ a
variety of conceptual constructs or tools that hayuseful for the analysis of the

specific situation.

Using this framework in Information Science, CWstievaluates the system already
in place, and then develops recommendations foguleAs such, the evaluation is based
on the analysis of information behaviour in cont@itel et al., 2004). For the design of
a system, it is necessary to understand the wddtsado, their information behaviour,

the context of their work, and the reasons forrtheifions.
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As a conceptual framework, CWA allows for analysishe forces that shape human-
information interactions via the application of ceptual constructs rather than the
testing and verification of models and theoriesdéFiet al, 2004). It is work-centred
rather than user-centred and considers people mteoact with information as actors

involved in their work-related actions, rather tfemnusers of the system.

The Actual Work Environment

Work Domain Analysis: means-ends structures

Organizational Analysis: division of work & social organization

Activity Analysis: work domain, decision making &
mental strategies that can be used

Ergonomic Analysis: perception-action
capabilities

Analysis of User Characteristics:
actors' resources & values

FIGURE 13: THE DIMENSIONS OF THE CWA (SOURCE: FIDEL ET AL, 2004)

Figure 13 shows the dimensions of the CWA, where different dimensions
represent the constraints on information seekirge @nalysis starts with the external
environment of the work place and moves up to tividual resources and values of
the actors. As such, each dimension creates thstragrts for the one nested in the

dimension under analysis.

3.4.3 Research Related to A-CDM
A. Research in Other Domains

CWA has already been successfully applied to mahgrocomplex domains. The
majority of studies on CWA have focused on its aggpion to interface design (e.g.
Burns, 2000; Burns, Bryant and Chalmers, 2000; @s;and Vicente, 1999; Gualtieri,
Elm, Potter and Roth, 2001, Naikar, Hopcroft andyMn, 2005).

CWA has been applied to existing systems like, fag.process control (Vicente
1999; Jamieson and Vicente, 1998), to design mted or to design teams (Gualtierir,
Roth and Eggleston, 2000; Naikar, Pearce, Drumm Qantberson, 2003), to evaluate
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design proposals (Naikar and Sanderson, 2001)natyze training needs (Naikar and
Sanderson, 1999); and to develop specificationggden, 2000).

The relevance of Cognitive Work analysis for agativas lined out in a special issue
of the ‘International Journal of Aviation PsychojogVolume 9, Number 3). In
particular, relevance was demonstrated in the cexnpiformation system exemplified
by modern aircraft cockpits (Lintern, 1999).

Naikar (2006) emphasizes the applicability of CW@ dpplications other than
interface design. These applications include theeafsWDA to identify training needs
and training system requirements, to evaluate ratee system design proposals, to
develop team designs, and finally to identify thagnstrategies for managing human
error. Often organisations assume that simply @sicly expensive training devices will
reduce training costs, increase levels of skiltha workforce, and reduce the risk of
accidents on the job. For Lintern and Naikar (20@@)ever, limited attention has been
placed on the systematic specification of trainggtem requirements and training

needs.

Lintern et al (2002) proposed WDA for the developinef a virtual information-
action workspace that is able to organize inforamator effective actions. Such a tool
requires an understanding of the information eveeyaeeds for their jobs with this
information presented in a desirable form of alesivpa, suitably organized, and
including the modes required for acting on it. F@tance, vessel command and control
has numerous information support requirements: 8etral. (2000) presents an iteration
of WDA models based on these information requirdsiéor application to decision
support of the vessel command and control system.

Ahlstrom (2005) also used WDA for an aviation rethiproblem that results from
weather displays used by air traffic controllerslvArse weather conditions create safety
hazards for pilots, constrain the usable airspaceaifr traffic control, and reduce the
overall capacity of traffic. However, it is currgnunclear what weather information
would be beneficial for tactical operation (Ahlstrp2005). For this reason, he applied a

WDA for the assessment of weather information néexdrminal controllers.

Reising et al. (2002) extended Rasmussen’s alisinalcterarchy to describe where

sensors should be placed in a system if reliabigndnilevel information about the
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system, e.g. for display design, is to be deriwelile Watson et al. (1998) evaluated

human interactions with anaesthesia alarm systems.

B. Research in Domains Having Characteristics efARCDM Work System

Fidel et al. (2004) used CWA during field studies the design development of a
new collaborative work task that did not yet exighe challenge of this study was to
determine the constraints and possibilities fotatmration among actors in different
organisations over different countries. The newk tesabout work with censorship
documents that has never been conducted as aamalae task, with neither national
nor international censorship material availableome central location. A-CDM also
requires collaboration among different organisaiowithin different countries.
Therefore, Figure 14 provides an overview of thehoes used for this analysis which

might also be useful also when analysing the A-CBdfk system.
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CWA Framework Analysis of Cooperative Work Empirical Techniques

Work Domain

Abstraction Hierarchy Policies, Strategies, Visions o
| d . Focus Group interviews
Goals and constraints Prototypical National and . .
- h . Semi-structured Interviews
Priorities International Collaboration
. L Analysis of archive materials,
Functions Databases, communication tools|,
products and tools
Work processes Products
Objectives and Tools
Semi-structured Interviews
Research, collaboration, Observations
Tasks Information retrieval, Indexing, .
. . . . Meetings
Abstraction Hierarchy Annotation cataloguing, _
Preservation Telephone Interviews
Emails
Decision Making Expert Talks
. Analysis, Comparison, Evaluation, . . .
Decision Ladder ¥ b . Decision Making using tools
Selection
Abstraction Hierarchy Working with prototypes
Strategies
. Entity focused procedural strategiesCollaboration among experts usin
Paradigms y P 9 g exp d
- Analytical, Problem exploration prototypes
Decision Ladder . .
strategies Work stories

Abstraction Hierarchy

Collaborative Tasks and Institutions
Research, Information retrieval,
Indexing and Annotation,
Preservation

Focus Group interviews, Semi-
structured Interviews with
managers and staff

Organisation, Management, Role
Allocation

Abstraction Hierarchy

Heterogeneous competence and

Actors’ Knowledge Preferences values Questionnaires, Interviews

FIGURE 14: EMPIRICAL ANALYSIS TECHNIQUES FOR A CWA (SOURCE: FIDEL ET AL, 2004)

Another approach to CWA constitutes the applicatioManufacturing Scheduling as
proposed by Higgins (1998). The study explores pheblems that arise with an
intentional system rather than a system with playsionstraints. Higgins points out
limitations in using the Decision Ladders becaustne difficulties to integrate the sub-
goals towards the systems’ desired goal state. Tharacteristic phenomenon is
comparable with the A-CDM system, because A-CDMb dlxcludes predominantly
intentional constraints inherent at the participgitactors. Therefore, his approach of
integrating a goal theoretic approach from Hackex.e(1982) could also be useful also

for A-CDM system analysis.
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3.4.4 The Work Domain Analysis

Primary focus of a Cognitive Work Analysis is onglly on the work domain. The
first phase of the analysis identifies a fundamleséh of constraints imposed on the
actions of any actor, and develops an event-indp@representation that can be used
to cope with novel situations. However, a cleatinitsion between the different types of
hierarchical relations within the work system icessary for a proper Work Domain
Analysis (WDA) (Vicente, 1999). The decompositigmait-whole) hierarchy and an
abstraction (means-end) hierarchy together formwa-dimensional Abstraction-
Decomposition Space (ADS) that is able to showgéeeric properties of a complex
system. While the bottom two layers of the absimactepresent the physical context in
which the workers operate, they describe the faneti capabilities and limitations of
physical objects. The ADS is independent of speciévices, events, or workers, and is
valid for many different situations including unaijgated events. This adds unique
value for understanding the system, and the ADGse&x here as a modelling tool to
develop a schematic representation of the A-CDMalanirhe important feature of the
ADS is theway it provides a representation of the complex systerd alsohow it
provides abasis for identifying the information actors need, inder to deal with

unanticipated events.

Problem solving using the ADS can be carried oatthe identification of constraints
by starting at a high level of abstraction and tleoiding which lower level function is
relevant to the current situation. This iteratizedm-in” supports goal-oriented problem
solving through “why, what, or how” questioning. rFexample, the present level of
observation defines theehatlevel, while the level above specifiedy or the level below

how.

However, the greatest value of this framework canderived from its ability to
identify information needs that are required toecopth unanticipated events. Although
some researchers argue that it is not possibleldntify such information (Mitchell,
1996; Shepherd, 1993), Rasmussen (1974) disagredayimg out the rationale of
complex systems control requirements imposed bytisipated events. This leads to
the design requirements of information represemafor actors’ needs during such

events.
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Salmon et al. (2006) applied WDA tanalysethe road transport system
Victoria/Australia. mplications for the vehicle designwere taken from drive
information requirements and driving tasks. Naikarakt (2005) contributes to tt
development of a coherent and methodological agh towards WDA with detailed
report onthe differences in the approaches to Wtaken byRasmussen, Pejtersen, ¢
Goldsein (1994) and Vicente (199¢He also proposed methodology for performing
WDA and illustrates the theoretical concepts andhouology for WDA with a worl

domain of a home.

3.4.5 Control Task Analysi:
A. Introduction

The Control Task Analysis (CTAs the second phase of the CWA and complen
the WDA by identifying the activities that are nssary to achieve the purposes .
functions of the system domain under analysis withgiven set of physical resourc
It is able to identify the requiremts for control tasks associated with known
recurring situations (Vicente, 1999). This includésentification of the constraints ¢

whatneeds to be done independentlywhomor how.

While the WDA describes the functional structuretbé system domn under
analysis, the CTA seeks to identify the requirermesdsociated with the classes
events in the domain. This means tlhaving identified the general functions of -
work domain, the control tasks should now analysed. @ntrol tasks include wrk
functions and work situations. In decision makiagns, these are the decis-making
functions. Latest literature reviews refer to der-making functionsas control tasks.

Therefore, this term will al« be used for the analysis here.

Control Task

Work Domain

Information Action

FIGURE 15: RELATION BETWEEN CONTROL TASK AND WORK DOMAIN ( SOURCE: VICENTE, 1999)

The difference of control task analysis comparettdaditional task analysis technigt
(e.g. Kirwan andAinsworth, 1992) is theconstrained basedpproach vesus the

instruction basedapproach of traditional task analysis techniquegeme (1999
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mentions also that some traditional techniques oloseparate the question what
needs to be done from those lodw it is done or bywhom Furthermore, while
traditional methods only allow information proceggivia a linear sequence, studies
have shown that experts rarely follow such a lireyuence. Rather, they can develop
routines based on experience or training that ealinked in different ways in order to

tackle diverse situations.

The methodological guidelines developed for the COW Naikar et al (Naikar,
Moylan and Pearce, 2006) consolidate the approacheRasmussen and Vicente
(Vicente, 1999). The guidelines outlined by Vice(1899) include the decision ladder
(Rasmussen, 1974) as the most commonly used muglédimplate for this stage of
analysis. However, a number of critical aspectseweentified that revealed problems
in the application of the decision ladder to theCBM turn-round system (see
Appendix VI). Therefore, the CTA was confined temdify the contextual activities that

are relevant for the critical path of the turn-rdun

B. Method

The CTA decomposes turn-round activities into acetcurring work situations to
deal with and/or a set of work functions to perfo(Maikar, 2006). Activities are
characterized as a combination of recurring wotlasions and work functions within
their contextual relationships. Therefore, Naika0(6) introduces contextual activity
templates for representing activities in work systethat are characterized by work
situations and work functions. The work situati@ame shown along the horizontal axis
and the work functions are along the vertical axis below. The circles indicate the
work functions and the boxes around each circlécatd all of the work situations in
which a work functiorcan occur (as opposed taustoccur). The bars within each box
indicate those work situations in which a work ftioc will typically occur. The work
situations and work functions of the turn-roundgass can occur combined in various

ways and as such, impose qualitatively differetd sécognitive demands on actors.
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A-CDM TURN- Work Work Work Work
ROUND PATH Situation 1 Situation 2 Situation 3 Situation 4

Work Function A

Work Function B

Work Function C

Work Function D

Work Function E

Work Function F

FIGURE 16: THE CONTEXTUAL ACTIVITY TEMPLATE (SOU RCE: NAIKAR, 2006)

Figure 16 depicts the template as it was appliethéoturn-round work functions.
Discussions with subject matter experts were usedentify which functions cannot be
executed in parallel, but have to be done in aeecp} because they depend on each
other. During turn-round, these functions are egigccritical, because any failure
during one work function has consequences on th@wmg functions. The contextual
activity approach was used to summarise the underlgontrol tasks within each

process of the critical turn-round path.
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4 COGNITIVE WORK ANALYSIS ON A-CDM
4.1 Application and Limitations of the Cognitive Wak Analysis (CWA)

The Cognitive Work Analysis will be used in thel@oling sections as an integrated
framework to the A-CDM work system with focus omrtwround management. Originally
the CWA steps include (1) the Work Domain Analy8¥#DA, (2) the Control Task
Analysis, (3) the Strategies Analysis, (4) the Sbddrganisation and Cooperation

Analysis, and (5) the Worker Competencies Analysis.

The first stage of the CWA allowed for modellingetih-CDM work system with
different levels of abstractions showing the mead-gelations, deriving domain
constraints, as well as revealing operational mftdron requirements. The following
steps of the CWA however revealed to have somiariaspects. Therefore it was not
expected to gain knowledge from these steps amatkfvithin the project aims, because
of the limitations inherent in the modelling tentpk that are proposed by the CWA.
Nevertheless, the CWA framework itself remainedfulséor providing a conceptual
model and so only the first two steps of the CWAenapplied here. The limitations and

shortcomings of the omitted steps are outlinedppendix VI.

4.2 Aims and Objectives of the Analysis

The aim of the CWA was to identify constraints tbah then be used as conceptual
distinctions for the A-CDM work system and thenlib&ed to particular types of systems
design decisions (e.g. which milestones are reduiso should participate in decision
making, etc.). However, this study focused solely identifying the conceptual
distinctions related to TOBT decisions in ordetdokle the particular problems relevant
for TOBT decision making. Many other conceptualtiddions could potentially
contribute to improving the A-CDM work system; hoxge, this was not the intention of
the project here.

As a result of this study a representation of desagjuirements should be created that
is based on the existing physical A-CDM workspataro Airline Control Centre This
should be able to present design concepts andmatoyn processing requirements.
Finally, a prototype or storyboard of an A-CDM daon making environement that is

suitable to make more accurate TOBT predictionsilshibe made.
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4.3 Work Domain Analysis

This first phase of the Cognitive Work Analysislled Work Domain Analysis (WDA)
was aimed at finding the fundamental environmeotaistraints that are imposed on the
A-CDM turn-round as well as the actions for alltpapating that are required during turn-
round. As a result, an event-independent repretsemtaf the A-CDM turn-round work
system was described that was used to deduct’piifasmation requirements. A further
benefit of such turn-round representation is thesimlity to identify opportunities of how

to cope with unexpected turn-round situations.

4.3.1 Method Applied

Naikar et al. (2005) describes a step-by-step ndellogy for the WDA that was
applied in order to capture the generic propedidhe A-CDM system.

Step 1: Establish the purpose of the WDA

This first step involved defining the purpose oé thnalysis. It included two parts -
definingthe problem and definingow WDA will be used to address the problem (Naikar
et al., 2005). During analysis, two main purposesewdentified which are to determine
the information requirements of all operators duyrinrn-round necessary to maintain
turn-round process predictability, and to identife underlying airport infrastructure
needed to support these requirements. The WDA wed to develop such a functional
model of A-CDM system from the viewpoint of thegfiit crews. They should be able to
identify the different categories of information i decision makers require during
aircraft turn-round, and the airport infrastructthrat might be required supportdecision
making during A-CDM.

Step2: Identify Project Constraints

Not only the purpose, but also tlenstraintsthat may affecthow the WDA is
conducted have to be identified in order to maimthie desired scope and focus of the
analysis. The main constraints to this analysisrgatefrom complexity of the problem

environment, time, and expertise related conssaifihie scope of the analysis depended

heavily on the information made available by pgrttng stakeholders.

Step 3: Determine the Boundaries of the WDA
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The analysed work system of A-CDM can be definethesprocesses and information
necessary to maintain situational awareness dutmgn-round in order to achieve a
reliable TOBT. During this step, the analysis was limited to thmeeframe between
milestones 6 and 15 and included the human-humahupran-computer interactions
related to operational information sharing of afbrmation required to assign an accurate
TOBT. The purpose of this artificial boundary waskieep the WDA in a useful and
achievable scope. There are numerous elencemgglethe focus system which influence
elementswithin the focus of the analysis, e.g. weather, legalirements, but for practical

considerations they will be excluded from the asialy
Step 4. Identify the Nature of Constraints

According to Naikar (Naikar et al., 2005) it is mesary to identify the location of the
focus system on the causal-intentional continuuetabse thenature ofthe constraints
that should be modelled in the Abstraction-Decomtjpos Space (ADS) has to be
identified (Hajdukiewicz et al., 2004). Categorikdined by Rasmussen (Burns, 2000) are
used as a basis to determine the nature of théramts of the proposed problem space. It
was concluded that A-CDM has major attributes okyatem governed by actors’
intentions and the nature of constraints modellethe WDA areintentional constraints
based on organisational policies, legislation, atier forms of regulation, social laws or
conventions, and actors’ intentions or motives sTiiin line with the defined purpose of
the WDA.

Step 5: Identify Potential Source of Information

The potential sources of information have to batidied to construct an ADS (Naikar
et al., 2005). A large number of data/ informatsmurces were found that could inform
the A-CDM system domain. This is due to the present numerous and diverse
participating operators in this system encompas$iegairport representatives, airline
companies, flight crews, air traffic control, tedhans, ramp agents, loaders, airport and
ramp personnel, Central Flow Management Unit ansisqragers. Major information
sources are documents relating to legislation amdpany policies, training manuals,

airport infrastructure, company reports, and th€EBM generic procedures.

The work setting itself was used as the secondceonirinformation gathering, where
observations of work scenarios were made with mahimterruptions to the observed
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activities. The items observed include the toold ameractions that participants use.
Hajdukiewicz et al. (2004) recommends distinguighiretweerexploratoryobservations

for understanding the work environment, afttusedobservations concentrated on
particular aspects of a chosen system that shoaldnade. Initially only exploratory

observations were made for this first stage ofyamsl

Focus group meetings, further observations, bi@imshg, and interviews with pilots
as SMEs also contributed to information gatheriAdditional data was also gathered
using talk-throughs, and tabletop analyses. Farghiase of research, Rasmussen (1986)
points out that the analyst should keep in mind teal constraints and actual reasons for
behaviour are often hidden behind routines andmatizations. Regardless of the source

of information the analyser should stay aware efdbnstraints that shape the behaviour.
Step 6: Construct ADS- First Iteration

For a first iteration of the ADS, Naikar (Naikaradt, 2005) outlines the following five

phases of development:

* identification of work-domain properties;

» defining the levels of abstraction and decompasgjtio
» developing a sketch of the ADS;

» evaluating which cells of the ADS to populate; and

* populating the selected cells of the ADS.

4.3.2 Results from the Work Domain Analysis

As a first result of following Naikar’'s step-by-ptemethodology, a matrix was
developed which populates all cells based on teatiled work-domain properties,
levels of abstraction, and levels of decomposi{ieigure 17). This matrix describes a
conceptual view of the A-CDM system and offers acaptual level of resolution for
viewing the A-CDM work domain. The three cells la¢ tpurpose-related functions level
of abstraction is that of the possible functionshef A-CDM system. The three cells offer
different resolutions for viewing the functionstbie A-CDM which are the functions of
the whole A-CDM Decision Making system, the funosoof the CDM Turn-Round
Element, and the functions of the different compusef A-CDM like the milestones,
Airport-CDM Information Sharing Platform (ACISP)né A-CDM Partners (Figure 17).
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The five cells in the first column describe the MA@ work system with an abstraction
hierarchy that is defined by ‘a structural meandsemelationship between levels’
(Rasmussen, 1986). According to Rasmussen (1986)lefvels of constraints have been
found to be useful for describing domains: At thedtional purpose level of the analysed
domain, the lower level of abstraction can be idiedt by asking ‘how’; while the higher
level of abstraction has to be justified by asKinljy’. At functional level thepurposeof
the A-CDM is described and the abstract functideagl represents thiatended causal
structureof the A-CDM work system in terms of informatianintends to provide to all
airport partners. At generalised functional levet basic functionsare described that A-
CDM is designed to achieve. Theharacteristics of the A-CDM components are
described at physical function level, while the gibgl form level finally describes the

spatial locationof the components in the system.
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Total System Sub-System Component
Airport Collaborative CDM Turn-round Process |  Milestones, ACISP, A-CDM
Decision Making Element Partners
Functional Purposes Purposes Purposes
Purpose m Improve working together at an | m Provide the A-CDM partners m Milestones: To provide decision
’operational leve with a common situational makers with information about
m Efficient and safe daily flight awareness fllgh_t progress and trigger
operation with reliable information | m Anticipation of disruptions & decision making
provision & Established Common expeditious recovery through m ACISP: To provide information
Situational Awarenes: information sharing among all sharing between the Airport CDM
External Constraints partners including passengers Partners
m Laws & Regulations by airport, External constraints m A-CDM Partner Goals
national government, Europg, m Distributed location between
IATA, EUROCONTROL, ICAO CDM partners and actors External Constraints
m Local Standard Operationg m Laws & Regulations = No & design of Milestones, Alert
Procedures '
Abstract Criteria Criteria Milestones
Function m ATTT m ATTT m CDM Procedure Group
m Turn-round compliance = Turn-round compliance (STTT | Meetings
(STTT vs ATTT) vs ATTT) m Performance Assessments
m TOBT/TSAT Predictability m TOBT/TSAT Predictability ACISP & A-CDM Partners
m EIBT Predictability: EIBT vs m EIBT Predictability: EIBT m User feedback & Performance
time Vs time Assessment
= Ready Reaction Time: AOBT - | g Ready Reaction Time: AOBT —
ARDT ARDT
Generalised | u Safe & efficient usage of m Safe & efficient turn-round & Milestones
Function available resources flight u Data/ Information availability &
m Effective law, regualation, m Adherence to CDM procedures | Practicability of Information
procedure, and policy m Efficient implementation of
enforcement collaborative decisions at action | Ac|sp & A-CDM Partners
m Redesign of airport operational | level Phvsical dvhamics of user
[ |
procedures m Enforcement of laws, beha)\//iour y
= Implementation of CDM regulations, procedures
functions
Physical = Provision of reliable m Efficient information provision | Milestones
Function information for all CDM partners | & cooperation between operators | o Functionality/capability/
m Collaborative operational & actors limitations & status
e Awarcnoss at acton lovel | = "orm all partners
m Increasing Situational e ACISP & A-CDM Partners
Awareness m Efficient command & control Functionalability/capability/
0 [ |
» A-CDM Information Sharing strl_Jcture between pr(_etactlcal & limitation p
Platform (ACISP) action level of operation
m Establish Situational Awareness
Physical m IT platforms with operational m Printed Information/ Data m Electronic Data/ Information
Form information sources, e.g. TOBT/ | about TOBT/TSAT = Software Applications

TSAT
= AMAN/DMAN

m Airport Operation Centre
(APOC)

m Representative Decision
Makers of all partners

m Meteorlogical features, e.g.
adverse weather condition

m Information Screens for
passengers

m Airport Infrastructure &
Airspace Structure

m Alert Messages to all CDM
partners via the ACISP

m Flight Update Messages
(FUMSs)

m HMIs, e.g. ACARS, Telefon,
computer

m Computer Network
m Operation Room

m Passengers

m Actors

FIGURE 17: THE A-CDM CONCEPTUAL MATRIX
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Step 7: Construct ADS- Second Iteration

For the second iteration of the ADS, additionabinfation sources were used to

further develop the ADS. Therefore, the followirttapes were repeated:

+ focused field observations;

» walkthroughs and talk-throughs;

* interviews; and

» table-top analyses with SMEs.

The resulting ADS (Figure 18) involved reviewinggtADS with domain experts

who agreed on the various elements of the ADS maaguding the levels of

abstraction and means-end relations in the ADS|etve of decomposition and part-

whole relations in the ADS, and the categoriesarfstraints in each cell of the ADS.

When moving from a higher to a lower level of aéstion or vice versa, it should be

able to withstand a 'why’, respectively a ‘how’ gtien.

Total System

Airport Collaborative

Sub-System

CDM Turn-round

Component
Milestones, ACISP, A-

Decision Process Element CDM Partners
Functional
Purpose Safe & Efficient
Flight Operation WHY
Abstract / \
Function Increased Shorter || Increased
Punctuality Travel Passenger WHAT
(Reliability) Time Satisfaction
—l
SRR Safe & Efficient U f C li Effecti g
- afe icient Usage o ompliant ective
d Function Resources/ Information Operator Turn-Round HOW
Behavior Procedures
I—— ———
Physical ———
Function Operators’ | [Milestones’
Capabilities &| |Functionability
Limitations | |& Limitations
Physical
Form ACISP &

Infrastructure

FIGURE 18: THE A-CDM ABSTRACTION-DECOMPOSITION SPAC E
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There are different possibilities of using the AD®&hile it can provide a field
description of the analysed work domain that allawapping the activities of all
participating as trajectories (Vicente, 1999), esmused here to derive information

requirements of flight crews.

Step 8: Derive Flight Crews’ Information Requirerteefrom the ADS (Conceptual
Matrix)

The next step was to draw implications from the AfE possible information
provision to flight crews and flight crews” suppdor operational decision making
during turn-round. These identified information uggments will later be mapped
against results from a flight crew survey in ortteconfirm that the WDA is ‘on track’
and the ADS is valid.

Information requirements identified by the ADSlude data that should be provided
to flight crews for increasing situational awarenes the distributed location of the
cockpit. Failing to present required data, presgndiata in an inappropriate manner or
presenting too much data can potentially have mdettal effects upon task
performance (Salmon et al, 2006). These informatguirements can then be used to
inform the A-CDM design by specifying what data sldobe presented to the cockpit
via available communication devices like ACARS, pégoor two-way radio. Salmon et
al. (2006) has used the ADS to specify informatiequirements for a command and
control knowledge wall display, or Ahlstrom (200fed the ADS for determining the
types of information that air traffic controllersquire for effective performance during
adverse weather conditions. Therefore it is arghatithe ADS of the A-CDM system
can also be used to identify different categoriegformation that flight crews require

to support effective decision making during turosrd.

Information requirements were extracted from theSA@ A-CDM as they relate to

purpose related functions of flight crew informati@quirements (Figure 19).
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Total System Sub-System Component
Airport Collaborative CDM Turn-round Process Milestones, ACISP, A-CDM
Decision Element Partners
Functional m A-CDM Information Sharing, e.g. | = A-CDM Information Sharing, e.g. | = Pilots’Goals
TOBT, TSAT TOBT, TSAT
PUFDOSG m Safety Level
m Common Situational Awareness » Common Situational Awareness .
m Airport Performance
m Aircraft Technical Status
m A-CDM Partner Goals
Abstract m ETTT m Milestones 6 until milestone 15 = Economic Cost of Planned/
E i ) ) . Alternative Turn-Round
unction m Turn-round compliance of Actors | m Not time & time related data
involved ) ) m Safety Level
m Aircraft operational statu
m TOBT/TSAT/TTOT/CTOT ) o ) m Performance and Status of All
Creation m Variable Taxi Time Calculation Participating
m EIBT Predictability: EIBT vs = CDM Complicance Alarms m Aircraft Requirements & Status
proposed waiting time
Generalised | » Airport Apron Rules & m TIBT & Stand Information m Physical turn-round control task
: Regulations support
Function m Ground Handling Start Delay
m Warnings, e.g. airport policies & ) m Cognitive turn-round control task
local restrictions = Runway in use support
m Behavioral recommendations, e.g.| ® EOBT/TOBT/CTOT Complicance | g Turn-Round Complicance control
taxi time required, alarms
m EXOT
Physical m Operational Information Sharing m Information about Changes of m Capability/ Knowledge Level of
Function with Cockpit TIBT & Stand All Participating
m CDM operating procedures m Information about Ground m Availability of Resources
) . Handling Start Problems . .
m Information Sharing among m Current task status in relation to
particpating actors m Information about Runway goals
. . changes
m A-CDM Information Sharing
Platform (ACISP) m Information about
EOBT/TOBT/CTOT changes
m Information about scheduled
EXOT, if relevant
Physical m Access to ACISP from cockpit m Access to ACISP from cockpit m Current Component Performance
F . . & Status
orm m Provision of TOBT/TSAT/TTOT | m Provision of TOBT/TSAT/TTOT
to cockpit to cockpit m Current Airport & Aircraft
) . Condition
m Information about Passenger m Information about Passenger
Boarding Time Boarding Time m Other A-CDM users location &
. " . " future movements
m Environmental Condition m Environmental Condition
Information Information
m Turn-Round disruptions m Turn-Round disruptions

FIGURE 19: PILOTS’' INFORMATION REQUIREMENTS

The information requirements that were derived fribia ADS were grouped in

categories like information already available, a@ilable, or partially available to

flight crews during current A-CDM turn-round opeaoat (Table 2) and include:

Matthias Groppe

Influenc@sAircraft TOBT Prediction Accuracy

92




Chapter 4: Cognitive Work Analysis

« A-CDM Information Sharing elements, e.g. Target §&Kf Time
(TTOT), Estimated Taxi Out Time (EXOT);

* A-CDM compliance alarms;

e airport warnings and recommendations;

e operational status information including disrupioand other actors’
goals;

e participating actors’ performance, status, and kedge level; and

» availability of resources.
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TABLE 2: PILOTS’ INFORMATION REQUIREMENTS AS IDENTI FIED VIA ADS

INFORMATION REQUIREMENTS

Information is available

Yes

No

Partly

Information is provided

Yes

No

Partly

Information from ACISP

X

X

TOBT/ TSAT

ETTT

Turn-Round Compliance of other actors

CTOT

TTOT

Apron Rules and Regulations

Infrastructure related warnings

Behavioural Recommendations

Operational Information

CDM Operating Procedures

Passenger Boarding Time

Environmental Condition Information

Turn-Round Disruptions

Time related Data, e.g. changes in Traffic Flow atkier

Aircraft Operational Status

Variable Taxi Time Calculation

CDM Compliance Alerts

Target In Block Time

Stand Information

Ground Handling Start Delay

Runway in Use

EOBT/TOBT/CTOT Compliance alarms

EXOT

Airport Performance

Aircraft Technical Status

A-CDM Partner Goals

Economic Cost of planned/ alternative Turn-Round

Performance and Status of all participating actors

Aircraft Requirements and Status

Physical turn-round control task support

Cognitive turn-round control task support

Turn-Round Compliance control task support

Capability/ Knowledge Level of all participatingtars

Available Resources, e.g. push-back, fuelling, raage other s

Current task status in relation to goals

Current component performance and status

Current airport and aircraft condition

Other A-CDM users location and future movements
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During current approach to A-CDM, focus has yet been applied oprovision of
such information to the flight crews bowit should be provided. It is argued however
that availability of this information could poteaity contribute to an improved
distributed situational awareness and therebyialpooving turn-round time prediction

accuracy.
Step 9: Derive Flight Crews’ Information Requirertgefiom Survey

A flight crew survey examined air crews’ informatimguirements during typical
turn-round operation situations that entail thé é$ jeopardizing flight punctuality
because of problems with information sharing betwasecraft cockpit and operational
decision makers. Pilots were asked to report reegperiences on failures to share
operational information and the consequences dmdurn-round process, e.g. delay

encountered during service delivery.

The survey was conducted on-line for a period o twonths and pilots from
different European airlines were invited to taketpB96 pilots who participated in the
survey are from airlines such as Austrian (n=2Y, Berlin (n=16), Air France (n=9),
Easy Jet (n=1), Lufthansa (n=167), and Transavid )n44.6% of the pilots were
captains, 55.4% first officers. Average experieraes of 6.6 years as First Officer
and 14.0 years as Captains were reported. Theletbruiestions that were asked to
the cockpit crew members can be found in Appenidix |

Although the pilots were asked to report events they experienced, most of the
pilots used theproposedevents. Table 3 shows the turn-round situations \wexe

provided to the pilots with the frequency of thpored situation in percentage.
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TABLE 3: INFORMATION REQUIRED BY PILOTS

Turn-round Situations with Flight Crew Information R equirement = Situation Reported in %

ATC Request 99
Availability of Parking Stand 95.1
Aircraft Change 63.1
Crew Proposal: Avoidance of A/C Change 47.5
Baggage Loading/ Unloading Delay 47.1
Crew Proposal: Necessary A/C repair 33.0
Crew Duty Change (new duty roster) 18.4
Boarding Delay 13.7
Ramp Transfer Bus (Passenger or Crew) Delay 11.8
Technical Repair 7.8

VIP Boarding 59
Crew Proposal: Connecting Passenger 5.8
Crew Other Proposal 5.8
Fuelling Delay 4.9
Airport Facilities break down 4.9
Other 3.9
Wheelchair boarding 3.3
Cleaning Delay 2.9
Delay though Security 2.0
Missing Flight Documents 2.0
Crew Change (new crew member) 1.9
Catering Delay 1.0
Late Check-In Passengers 1.0
Special Loading (e.g. musical instrument) 1.0
UM Boarding 0.0

4.3.3 Further Results derived from the ADS

A significant number of constraints could be dediim the ADS for the A-CDM
turn-round process when mapping physical form$efttirn-round components to the
abstract functions or functional purpose of the BMC work system. As these
constraints appear to have influence on the funatipurpose of the work system,
they should be taken into account when making quioeé distinctions to attain a
more efficient A-CDM system design. The constraidentified were then discussed
with A-CDM experts who also shared details for eafthe constraints. These are:

Number of participants involvedAirlines are increasingly outsourcing ground
handling services to third party providers who aften new to the aviation business.

This requires an identification of third party ogters’ inherent goals, motivations,
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and skills because an adaption to the requirensrmsneeds of the client airline and
the network itself is mandatory. The airlines ahd hetwork also have to understand
the constraints stemming from a multi-party turond process itself. Turn-round
management requires focus @oordination of supporting turn-round processes
between the different stages of the turn-round ¢seError! Reference source not
found.). Particularly during the critical path of sequehground processes where the
associated processes cannot be done in parallefeerdwhen a short turn-round time
is only availablecooperation among all partners responsible for controlling the

supporting processes during critical path is esslent

Distributed location of partnersShort term coordination is required in the case of
last-minute changes during turn-round, but seryiceviders are usually physically
located atdifferentareas of the airport and communication has toste@béshed via
available channels. However, communication and dination among parties is not
standardized yet and coordination takes place omdahmoc basis via the airline’s

operation centre or at pilots’ initiatives througkeractions with turn-round controller.

Resistance to sharing informatiol@ompetition not only exists among airlines;
interests among airport partners also not necégsawnverge. As a result, some
partners may withhold information required by othand individual aims are placed
above possible network benefits - especially if éhgd party provider is owned by
competitor. Resistance to share information in@ea&ven due to the current practice
of delay code assignment (See Chapter 2.4).

Unanticipated eventsUnanticipated events require efficient communaratand
coordination among partners involved. However, mocedures are established to
forward short term turn-round process failures stamdardized format to partners and

actors involved.

Not-established situational awarenesBuring flight, the aircrew often hold
operational information or information affectingethfollowing turn-round. This
information is needed by the turn-round controbiérdestination operation control
centre in order to prepare the next turn-round oaumd, but pilots do not
automatically haveawarenessabout the need to share this information. Such

information can include various issues, like techhiproblems or passenger related
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handling requirements occurring or emerging duflight. On the other hand, turn-
round controllers fail to inform thaircrew of the status of turn-round and updates to
turn-round process estimates. Often this is onlgc& of awareness from the turn-

round controllers that the information is requitsdthe pilots.

Non-standardized acronyms and approaches to the Gatround process at
different airports In order to achieve the required situational amass between the
airline cockpit and the turn-round controlandardizedvays of information sharing
and cooperation have to be established. EUROCONTR&Lpublished a harmonized
phraseology and acronyms for the A-CDM, but impletagon of such harmonized
procedures is still very fragmented in Europe. Aitp, ANSP, airlines and ground
handlers are still using different procedures arrdrmyms. Due to the large number of
airports within Europe that are within the netwofikhe major airlines, regional pilots
are facing the challenge of familiarizing themsslwvath different airport procedures.
As a consequence, awareness of the local turn-rprowkdures does not always exist.
Introduction of new procedures like A-CDM is stilteeted with scepticism by pilots
because of frequent changes and the number ofehff@approaches that airports and
airlines have taken within the last years. In castirwhen A-CDM became operational
at Munich airport in June 2007, the results of wgtof 300 flight reports by pilots
revealed increased acceptance of new CDM procedaready shortly after their

introduction (Source: Lufthansa Internal Comparfgimation, 2010).

Traffic Density Low-cost carriers do not avoid major airportsyoblecause of
higher landing fees; they are fully aware of howat#e turn-round operation affects
airline profitability through higher aircraft utdation and lower exposure to
unexpected delays. Legacy carriers however, ofegrenld on major airports for their
hub-and spoke business models and have to builduifer times into the flight
schedules to accommodate unexpected disruptiongm@naonsequent delays. Since
airlines have more control over the turn-round phn over the flight phase, the
scheduled ground times for turn-rounds are oftead s a tactical means to stabilise
aircraft rotations or to prevent reactionary delégy time buffers. Fricke et al (2008)
note that time buffers are not applied systemayigat and suggests an optimisation
of buffer times by integrating inter-process timeffers during the gate allocation

planning phase. Given the complex resource cororeatiechanism between aircraft,
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passengers, and flight crews, not only the impogaof such measure for airlines is
realized during day-to-day flight operation, butathe cost that is inherent for such

operations control.

4.3.4 Validation of the ADS

In order to make valid conclusions for the A-CDMnwaystem a validation of the
implicit constraints that were identified is requdr This was done by mapping the
various components on the ADS. Therefore, the t®dudbm an independent study

were used to provide an early validation that thelsis is on track:
Step 10: Validation of the ADS via Mapping the SyrResults on the ADS

This step was aimed at determining whether the AD8s accurate as possible.
Naikar et al. (2005) proposes a number of possdslifor the validation of ADS. One
possibility is to use the material already studied the construction of the ADS-
however it is not necessarily useful to employ $aene sources of information for
validating the ADS.

A better option is to use reasoning patterns obracin various situations, e.g.
incident reports that require decision making (ldai&t al., 2005). For this reason, the
flight crew survey that was available from the setstudy was used in order to
reconstruct inaccurate TOBT prediction situatiossreported by the flight crews.
Thereatfter, the identified situations were examif@dwork-domain properties that
characterized actors’ reasoning patterns duringethtarn-round situations and then
mapped in the form oéxamplesonto theFlight Crews’ Information Requirements
(Table 1) extracted from the ADS. Thereby, it waareined whether the situations are
captured by the different categories of constraifiten it was analysed which parts of
the decomposition space that are represented IAD® were involved. The relevant

areas identified were highlighted in grey colour.

It could be determined that the particular infonoratgained from the Flight Crews’
survey followed the same functional relations as ADS identified by the analysis.
Error! Reference source not found. shows an example of the flight crew information

requirement ‘Target In-Block Time and Stand Infotima before turn-round start.
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Total System Sub-System Component
Airport Collaborative Decision | CDM Turn-round Process Milestones, ACISP, A-CDM
Element Partners
Functional | = A-CDM Information Sharing u Pilots Goals
Purpose m Collaborative Decision Making u Safety Level

m Airport Performance
m Aircraft Technical Status
m A-CDM Partner Goals

Abstract mETTT mMilestones 6 until milestone 15 | w Economic Cost of Planned/
Function = Turn-round compliance of Actors u Not time & time related data Alternative Turn-Round
involved m Aircraft operational statu nSafety Level
= Variable Taxi Time m Performance and Status of All
Calculation Participating

u CDM Compliance Alarm m Aircraft Requirements & Status

Generalised| = Airport Apron Rules & Regulations | m TIBT & Stand Information u Capability/ Knowledge Level of
Eunction = Warnings, e.g. airport policies & = Ground Handling Start Delay All Participating
local restrictions m Avalilibility of Ressources

m Behavioral recommendations, e.g.
taxi time required

Physica| m Operational Information Sharing m Information about Changes of | m Current Component Performance
Function with Cockpit TIBT & Stand & Status

u CDM operating procedures m Information about Ground m Current Aircraft & Airport

= Information Sharing among Handling Start Problems Condition

particpating actors m Information about Runway m Other A-CDM users’ location &

u A-CDM Information Sharing changes future movements

Platform (ACISP) m Information about

EOBT/TOBT/CTOT changes

m Information about scheduled
EXOT, if relevant

Physical m Access to ACISP from cockpit m Current Component Performance
Form u Provision of TOBT/TSAT/TTOT to & Status

cockpit m Current Airport & Aircraft

u Information about Passenger Condition

Boarding Time m Other A-CDM users location &

m Environmental Condition future movements

Information
m Turn-Round disruptions

FIGURE 20: MAPPING OF FLIGHT CREWS INFORMATION REQU IREMENTS I

In such way it could be demonstrated (Figure 2@} thformation sharing with
flight crews at generalized function level can fzeked through all levels of the ADS.
The low level details of information about the daipy/knowledge level of all
participating at the physical function level cantkzced back to the overall purpose of
A-CDM Information Sharing. The physical form of tieentified components which
reveals a need for the current component performand status, can affect other CDM
related processes in a dynamic way as shown bypttier active highlighted areas of
the ADS (grey colour). Therefore it is argued thatficient situational awareness has

to be established through information sharing anahgartners or actors involved.

Another instance of information not being shareds waported by flight crews
regarding information updates by apron control. &8se information about a runway
change is not communicated to the flight crewsy tteguire extra time for changing

take-off performance calculatioafter clearance request and thereby run the risk of not
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adhering to TOBT and TTOT. Additionally, runway digas at short notices can also
significantly change taxi times with the added regkmissing the CTOT. Therefore,
such change of runway configuration has to be conicated timely to all
participating. If the flight is regulated by a CT(the estimated taxi out time also has
to be taken into consideration either by the fliglew or local ATC. Figure 21 shows
the specific information requirements for suchaitns as identified from the survey

mapped on th&light crews’ Information Requiremengstracted from the ADS.

Total System Sub-System Component
Airport Collaborative Decision | CDM Turn-round Process Milestones, ACISP, A-CDM
Element Partners
Functional | = A-CDM Information Sharing u Pilots’Goals
PUI’pOSE = Common Situational Awareness m Safety Level

m Airport Performance
m Aircraft Technical Status
u A-CDM Partner Goals

Abstract mETTT m Milestones 6 until milestone 15 | m Economic Cost of Planned/
Function u TTOT Creation = Not time & time related data | Alternative Turn-Round
u Aircraft operational statu = Safety Level
a Variable Taxi Time m Performance and Status of All
Calculation Participating
u CDM Compliance Alarms m Aircraft Requirements & Status
Generalised| = Airport Apron Rules & Regulations | m Runway in Use u Capability/ Knowledge Level of
Function = Warnings, e.g. airport policies & u EXOT All Participating
local restrictions m Availibility of Ressources
m Behavioral recommendations, e.g.
taxi time required
Physical m Operational Information Sharing m Information about Changes of | m Capability/ Knowledge Level of
FUﬂCtiOﬂ with Cockpit TIBT & Stand All Participating
u CDM operating procedures u Information about Ground m Availability of Ressources
w Information Sharing among Handling Start Problems m Current Task Status in Relation
particpating actors m Information about Runway to Goal
u A-CDM Information Sharing changes
Platform (ACISP) m Information about
EOBT/TOBT/CTOT changes
m Information about scheduled
EXOT, if relevant
i m Access to ACISP from cockpit m Current Airport & Aircraft
y
Form = Provision of TOBT/TSAT/TTOT to Condition
cockpit m Other A-CDM users location &
u Information about Passenger future movements

Boarding Time

m Environmental Condition
Information

m Turn-Round disruptions

FIGURE 21: MAPPING OF FLIGHT CREWS INFORMATION REQUIREMENTS Il

Figure 21 only showBight crews’information requirements. A runway change that
is not communicated also affects other A-CDM padnas well as it affects the
environment.

These two examples only give a snapshot of theativieformation requirements

from flight crews during A-CDM. The other proposeduations follow a similar
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pattern throughout the ADS. However, it could bafcmed that the information

requirements reported in the survey can be idedtifly using the ADS.

4.4 Control Task Analysis
4.4.1 Method Applied

A representation of the turn-round activities wasrsto be useful for turn-round
management because activities during turn-roundhatrelearly delimited in time and
space; instead, activities are better charactefiyettheir content — regardless of their
temporal or spatial attributes (Vicente, 1999). réfare, the activities during turn-
round were decomposed into work functions such assenger processing, aircraft
dispatch, and monitoring activities, while the aities within a specific work situation
were further delineated in terms of their functionantent. For example, the turn-
round process was decomposed into a set of reguwrark situations including: de-
boarding, boarding, unloading, loading and aircstvices. Activities within the
work situation (i.e. boarding) were then furthecal®posed into a set of recurring
work functions including: delivery of wheelchairgs#ngers /unaccompanied minors
to the cabin crew, open boarding doors, registesinigoarded passengers, or loading
the coach for the transfer to the aircraft at reammosition. In this way, the control
tasks for each work situation can be analysedrimdeof when, by whom, and where

the decision can be made.

4.4.2 Results from Control Task Analysis

The CTA was performed analogous to the consolidajgoroach described by
Naikar et al. (2005). This approach includes twepstwhich are ‘identification of
what needs to be done’ during critical turn-rounderms ofwork situationsandwork
functions and ‘identification of what needs to be done’idgrcritical turn-round in
terms of control tasksfor each work situation and work function. The epttal
activity template (See Figure 16) was used to ssprethe results of the analysis.

These steps are now described.
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Result I: Identification of Work Situations and W&iunctions

The first task of the consolidated CTA was to exanthe work segmentation
within the critical turn-round path. This was dohg using the two-dimensional
activity templates during focus group discussiongh warticipating stakeholders in
order to identify the valid critical turn-round pathat shows the interdependencies
between the work functions. Focus group discusstook place during three two-
hour sessions with 15 participants consisting ightl crews and responsible SMEs of
the relevant turn-round function that are normaliydistributed locations during turn-

round management.

This approach was useful because the work orgawizedg turn-round takes place
at various stages and at various places. Howeagticular functions need to be
performed in apre-defined sequence order to adhere to the TOBT that was
predicted for the off-block time of the aircraft.H\é other turn-round activities can be
performed inparallel to the critical sequence (see also Chapter 2.8ndard
terminology that is predominantly used for turnsftdumanagement during A-CDM
was applied to determine work situations. Threghflicrews, three controllers, and
one airport representative performed the activitglgsis of the work function as
representatives of the focus group. At an earlgestdocumented A-CDM turn—round
procedures together with procedural descriptiomsnfrairlines like Lufthansa, Air
France, and British Airways were used, updated fotservation and validated using
the stakeholders’ experience on critical turn-roumahagement. Descriptions from A-
CDM documents contained the A-CDM turn-round precedth the associated
milestones as key monitoring events. Even with baaalations that may be present at
different airports, all stakeholders could agreeairwork functions required for the
critical turn-round path. All participating SMEs measked questions like - ‘Are these
all functions occurring during critical turn-roumpath’, ‘Is the critical turn-round path
correct as shown’, ‘Are the responsibilities duriegtical turn-round correctly
depicted’, ‘Are there other locations/potentialltetter depict the critical turn-round

path’.

The critical turn-round path thereby developed udels all processes potentially
required; however, depending on the given situatioot all work functions will
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necessarily take place during critical turn-rouad,. crew change will not always take
place or no catering on specific flights.

The decomposition of work situations and work fimt$ during turn-round can be
done at different levels of detail and granularfsg. it concerns the work situations, a
level was chosen that contemplates only the waddkagons within the critical path
that are located at the ramp side of the airpothair directly influence the critical path
of turn-round. These processes have to follow thecdbed sequence, but other
processes are taking place in parallel in the drperminal as well as at other
locations of the airport. Passenger or cargo hagdiiorking situations and functions
remained outside of the scope of this project.

As a result of this analysis, the critical turnsndypath can be depicted by using the

contextual activity template (See Figure 22).
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A-CDM TURN- DE-BOARDING TURN-ROUND BOARDING CLOSING FLIGHT
ROUND PATH SERVICES
Park/ Marshalling q ----------- :
______________ !

Equipment o 'm --------- :

. !
Flight Documents i m TR

______________ !
DAA/ Baggage | | D ----------------- [ e

Bus/ Stairs/Bridge

PAX De-boarding

Special De-board

Crew Change |

Aircraft Cleaning

Catering

Fuelling

A/C Maintenance

Special Service

Cabin Sec Check

Crew Change I

Special Board

PAX Boarding

Baggage Loading

Load sheet

Documentation

Last PAX

Closing Doors

Remove Equip

Start Up

Push Back

FIGURE 22: CONTEXTUAL ACTIVITY REPRESENTATION (NAIK AR, 2005 & SNELLING, 2002)
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The boxes surrounding the work functions indicdk¢uan-round situations in which
the work function can occur. The typical timing fibre work function however, is

indicated by the bars.

Result II: The Responsibilities within the Critidalrn-round Path

During the analysis of the critical turn-round patitre decisions that are required
during these sequenced processes were also iddntAny decision within one of
these supporting turn-round processes interacth wiher supporting processes,

especially during time-critical turn-round manageine

During the three focus group meetings betweenewsifrom the German Regional
Carrier, Lufthansa CityLine and turn-round coneal from Lufthansa German
Airlines Control Centre, the specific order of thetical events during turn-round
were determined and consensus reached on the seqaed responsibility of the
processes. As already mentioned, not all turn-rqunodesses take place during each
turn-round. However, the proposed path includdls eventual decision making
processes that can occur during turn-round. Diffeserlines might have alternative
turn-round process models, but it was argued ttetonstraints are similar and do not
affect the concept. The structure of the focus grdiscussions was modelled on a
series of questions to gradually move the partrdp&om an operational perspective
of the turn-round processes to the control tasks Were necessary to perform the

functions of these processes. The questions whesk wsed for the discussions were:

« Does the proposed critical path include all turar processes as they appear
during turn-round in the correct order?

* Who is responsible for each process: a single actorultiple functions?

* Where is potential for improvement of the critipatth?

« Who could contribute in improving the efficiencyedch process?

* What are the major challenges and what are thdgmsbassociated with these
processes?

* What are the control functions for each process?

In a second step, the results were analysed daaioig-top discussions (Kirwan
and Ainsworth, 1992). Overall, it was agreed cosiolely that the impact of a
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decision by only a single participant can have ificant influence on the outcome of
the overall turn-round because the outcome of thastn propagates throughout
other processes. Therefore, a way of decision ngakas to be pursued that is able to
coordinate the distributed decisions of participgtifunctions into global decision
making where all information is centralized for Buwmontrol. Many airlines today have
started to coordinate decision making in their apen centres. Decisions that cannot

be transferred into a control room have to be bgfor the overall TOBT decision.

The discussions were also aimed at finding an ageae onwho should be
responsible for the work function. Today, distimetifunctions are in place to either
perform the work function or solve a specific perhl during critical turn-round path.
This means that control tasks for most of the wiariction are shared among actors
executing the work functions and those monitoring tritical turn-round path. For
instance, during normal turn-round flow the actdronexecutes the work function is
decision maker. However, during unexpected sitaatithe actor monitoring the turn-

round will take over the responsibility of decidiag a new target state.

As a result of the CTA, Figure 23 shows now ther#taund processes with the

functions that are responsible for the necessarisid@s within the processes.
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Responsibilities within Critical Turn-round Path

Airport Operator .

Availability of parking position
Availability of marshaller/ docking system
Provision of Passenger coach/bridge
Push-back environment

Airline/ Ground Handler o

Provision of pre-arrival information to the air wre

Ground handling equipment (GPU, stairs, truck...),
handling personnel

Flight documents for next flight sector

Delivery at Aircraft (luggage)

Stairs

Passenger & cabin baggage de-boarding
Special de-boarding (WCH, UM, Load)

Crew change

Aircraft cleaning/ catering/ fuelling

Special catering/ other services

Special boarding (WCH, UM, Load)

Passenger & cabin baggage boarding
Baggage, cargo, Delivery at Aircraft loading
Loadsheet, documentation, and last passenger
Closing all doors

Removal of equipment & personnel

Provision of push-back & ground crew for enginetsta

Air Crew o

Crew change (cockpit & cabin)
Information on aircraft status
Cabin security check

Closing passenger doors

Mechanics o

Scheduling of turn-round maintenance

FIGURE 23: RESPONSIBILITIES WITHIN THE CRITICAL TU RN-ROUND PATH (SNELLING, 2002)
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4.5. Concluding Aspects

The CWA unveils a number of environmental factévat influence A-CDM turn-
round management. It allows for deriving domain staints of the A-CDM work
system and operational information requirementsaidine flight crews by means of a
Work Domain Analysis. The results could be verifieg mapping the data from the
flight crew survey (See Chapter 5) onto the pilatddrmation requirements extracted
from the ADS. The analysis also revealed thatgelguantity of information is lacking
during day-to-day operation. Provision of such infation could potentially aid in
stabilizing the turn-round operation. This encoesagts further application in
identifying information requirements of other peigiating actors.

It cannot be claimed that the ADS is able to coakrsystem constraints, but
evidence could be given that a significant amodrdperational information required

by flight crews is not yet provided to them.

As an essential part of successful turn-round mamegt, thecritical turn-round
path could be derived from the CTA by using the coniektactivity template. At a
later stage of this project, the results of thialgsis were used to model the turn-round
scenarios and the design of a turn-round contrakaup in order to further investigate
the influences on TOBT prediction accuracy (seep@ha’).

Since the critical path is now defined, the nerpsbf the project should analyse
how the critical path is affected by turn-round me¢ethat hamper reliable TOBT
predictions. The following chapter describes howhsevents were identified by a

flight crew survey.
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5 FLIGHT CREW SURVEY ON TURN-ROUND CONSTRAINTS

5.1 Aims and Objectives of the Survey

The aim of the survey was to identify and descihbgécal situations for TOBT
adherence seen from the perspective of flight crélwe underlying objectives thereby
were not only to demonstrate how frequently turara problems occur, but also to
identify information requirements of flight crewsdaactors on the ground during such
problems. Even though flight crews are not prinyanélalized as airport partners during

A-CDM, information from the cockpit is used for TORssignment decisions.

If the information from the flight crew and theinformation requirements were
known earlier, the influences on TOBT could be sssd systematically. As a
consequence, such information would be useful inigg insights for future TOBT
decision making - especially during unexpectedasibuns. Such information also yields
benefits for a more efficient decision making wiiss tactical and strategic effort for

all partners.

A further objective of the investigation was to rganformation from flight crews
about the relevance of various problems during mpiduendling processes. l.e. how do
delayed ground services or late passengers affecvverall turn-round duration and
consequently the TOBT, seen from the perspectivdligiit crews as users of the
system. This also included capturing air crewsiwd@n cooperative/ non-cooperative
behaviour during such situations. Analogous todb&nition of cooperation (see VI:
Definitions), cooperative behaviour is viewed heas the synchronous and
homogeneous sharing of information required forrapenal decision making or for
the creation of situational awareness required gnpanticipating actors.

5.2 The Design of the Survey

First, information about the critical events durithg turn-round situations that are
relevant for an interaction analysis between flightws and other operators were
obtained during in-depth interviews with experiehdéight crews from different
airlines. Airline flight crews were asked to braorsn all possible turn-round
situations by using a checklist in order to idgntifteractions during turn-round that

are relevant for operational information sharindl. tArn-round situations were then
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decomposed into elementary activities to identiffheve the behaviour of all
participating can potentially be cooperative, aatagtic or indifferent (see also
Chapter 3.2).

Next, a self-administered on-line questionnaire degeloped with questions based
on the interactions identified as outlined betwdleght crews and other operators,
using the interaction model adapted from Ferbe®%)9hat is outlined in Chapter
3.2.5. The aim thereby was to identify the statfishe relevant components aims,
abilities, and resources in the interactions duthgyturn-round that were reported to

be critical.

Compatibility andincompatibility of aimsincompatible aims can negatively affect
cooperation. Therefore critical activities duringrt-round were assessed to discover
conflicting goals between flight crews and otheemgors. Since decision making
power can also be a reason for conflicting godtghtfcrews were also asked to assess
whether the currently used mode of sharing respditgi for decision making is
suitable in the relevant situations. Questions vikem asked, whether the decision
maker is accepted by the flight crews in term dpamnsibility and control or if

decision making causes problems because the decmker is seen as inappropriate.

Avalilability of resources Resources are limited; therefore conflicts carsear
between all participating partners, if airport cesgon increases or turn-round times
are getting shorter. Shortage of resources maytiestompetition between operators.
Questions were asked if resources - in terms ofithe available for ground processes
- are aligned with the operational requirements.e&sential part of a CDM airport
operation is to manage resource constraints threaoghdination of actions. Such an
approach can be also beneficial in predicting ¢ctsfl(Ferber, 1995). Therefore, the
survey also investigated how the current CDM apgiida able to anticipate conflicts
in order to resolve possible conflicting situatiobstween flight crews and other
operators. Conflicts should so be identified andagdied by occurrence and

probability.

Ability of operators in relation to their assignédsk It cannot be assumed that
operators’ knowledge and abilities are always sigfit to execute assigned tasks.
However, it is unlikely to get realistic resultsoaib abilities of other operators when
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asking airline flight crews. It was questioned thisght crews judge whether a
decision-maker has required competence to makeiaialg, if it is made physically
away from the aircraft. Therefore, the questiort there asked in this context were not
aimed atidentifying insufficient abilities of the relevant actor ornfiion, but
comparingthe competencies of the responsible decision-rsakéhin the different
turn-round problems from the perspective of an erpeed user of the system. Such

comparison was seen as useful to find trends bet#eecontemplated situations.

Interviews with flight crews revealed numerous peaiis with information sharing
that may have an effect on the turn-round procass,questions were therefore asked,
whether there is a relation between failures inmiation sharing and off-block or

turn-round process delay.

Overall, the survey aimed at examining the flightwe's perspective on current
approach to A-CDM turn-round management. It descriturn-round situations during
A-CDM which entailed the risk to jeopardize flightinctuality by delayed turn-round
processes caused by problems with information-actesns between aircraft cockpit
and decision makers like airport partners at opmratenter or actors at the ramp. It is
argued that homogeneous and synchronous informatianing enables all airport
partners or actors to respond to the local coritexeal time: While some situations
during aircraft turn-round operation can be preipkd, decision makers at tactical or
action level will always be faced with unanticipdatuations resulting from unknown
variables in the environment or technological capeds. Therefore, each turn-round
presents unique challenges for information shabetyveen all participating partners

or actors.

Flight crews were asked to report recent expereot@on-cooperative information
sharing behaviour, how it affected turn-round psscduration, and if it resulted in a

departure delay (if applicable).

Table 4 provides an overview of the different tuomnd operation situations and the

categories of questions which were posed to thbtflirews.
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TABLE 4: CATEGORIES OF TURN-ROUND SITUATIONS

COOPERATIVE
TURN-ROUND FREQUENCY RELEVANCE
COMPONENT
Gate Assignment Aims/Resources/ Abilitigs Daily/\WgéMonthly Avoidable Delay
Ground Handling/ Aims/Resources/ Abilities Daily/Weekly /Monthly Aidable Delay
Ramp
ATC Related Delay | Aims/Resources/ Abilities Daily/Weekly /Monthly Avoidable Delay
Operational Info From  xis/Resources/ Abilities Daily/Weekly /Monthly Aigable Delay
Cockpit
Operational Info To Aims/Resources/ Abilities Daily/Weekly/ Monthly Aidable Delay
Cockpit

After three 90-minute brainstorming sessions witfight crews from Lufthansa
CityLine, Air Berlin, and Deutsche British Airwayd®BA) it was concluded that
information sharing problems during turn-round ¢enmanifold and each event can
potentially be unique in a specific circumstanc@wdver, a number of problems
occur regularly and can potentially be attributedat specific category of problem.
Therefore, the questionnaire (See Appendix Il) pega to the flight crews included
various situations withall partners and actors involved in operational infation
sharing. These are the airport operator, air tragbntrol, CFMU, airline company,
ground handler, ramp agent, flight manager, chackAd boarding personnel, loaders
for cargo, mail and baggage, and service provillegduelling, catering, cleaning.

5.3 Data Analysis

For the data analysis, only situations were chageere flight crews reported that
an information-interaction problem has taken plat¢é an impact on ground handling
or on other service delivery during turn-round ([Ea®). The problem must have taken
place on a regular basis of at least once per mdih# collected data was organised

as follows:

» The situations reported by flight crews that reguinformation-interaction
between cockpit and others were summarised in Table

= Actual events attributed to an information-interactfailure during turn-round
are shown in Table 6, displaying the reported fesmqy of the four proposed
turn-round situations of all flight crews and rejgorturn-round events.
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= Descriptive data analysig/as used to obtain measures of central tendency or
dispersion about the delays that are avoidable demm flight crews’
perspective. Data was collected via a Likert s(aigure 24).

= Correlation analysis was carried out between the-tound process delay and

the departure delay (Figure 25).

Statistical Analysis was performed with SPSS 1'h@ Bxcel. Ana level of .05
was chosen as decision criterion. Non-parametaitts§ts were used with Spearman’s

rho as a measure of correlation.
TABLE 5: REQUIRED INFORMATION-INTERACTIONS DURING T URN-ROUND

Turn-Round Problem
Availability of Parking Stand

Information Required
Expected Delay /Reasd Delay for Parking

Baggage Loading/ Unloading

Delay: Expected duratieason, No of baggage

Ramp Transfer Bus (Passenger or Crew)

Delay: Egfdetuiration, reason

Catering Delay: Expected duration, reason
Cleaning Delay: Expected duration, reason
Fuelling Delay: Expected duration, reason
Check-In Delay: Expected duration , reason
Security Delay: Expected duration, reason
Boarding Delay: Expected duration, reason

Airport Facilities

Delay: Expected duration, reason

Wheelchair boarding

Delay: Expected duration, reason

UM Boarding Delay: Expected duration, reason
Special Loading (e.g. musical instrument) Delaypé&oted duration, reason
VIP Boarding Delay: Expected duration, reason

ATC Request

Delay: Expected duration, reason

CFMU Regulation

Delay: Expected duration, reason

Aircraft Change

Reason and status of new aircraft

Technical Repair

Reason and expected duration of repair

Crew Duty Change (new duty roster)

Timely Provisidrinformation

Crew Change (new crew member)

Timely Provisiomé&rimation

Crew Proposal: Connecting Passenger

Response padtea action

Crew Proposal: Necessary A/C repair

Response greteed action

Crew Proposal: Avoidance of A/C Change

Responsesapdcted action

Other: No Flight documents delivered

Response apdated delivery

Other: No Ramp Agent available

Status of Servickvbey

Crew Proposal: Avoidance of A/C Change

Responseeapdcted action

Flight crews were asked to choose their levelgpeement between two statements

entailing one of the information provision problefram table:

» | was informed of the problem in time (includes gibgity to take appropriate

action)

= | learned about the problem by observing that tloegss was not executed or |

received information too late.
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For each turn-round situation, the flight crews evéren asked to rate (on a scale
from 1 = very unlikely to 4 = very likely), whethére delay of the turn-round process

was avoidable or not, as seen from their own petsfe

Additionally, the flight crews were asked to asshesy many minutes of delay
resulted from the turn-round process which devidiedn established turn-round
reference schedules, and how many minagtgsarture delay was encounteratier
that turn-round with this service failure. Only et®reported to occur at least monthly

were taken into account.

Flight crews were also asked to assess the possidens for the cause of service
failure analogous to a cooperation model by Fer(#95). The category of
cooperation was determined by three components aiths, resources, and abilities of
participating actors (see chapter 3.3). The lefeagreement on each of the three
components was measured with 1 = very unlikely to very likely. This data was
then used to identify non-cooperative situationsesponding to his model.

In all questions, multiple and equivalent choicesravallowed, meaning that the

flight crews could assign multiple causes of fakifor each specific event.

5.4 Results from the Survey
5.4.1 Flight crews’ General Information

The experience level of the flight crews participgtranged between 1 and 8 years
(av. 6, 58;0 = 4, 40) for First Officers and for Captains agtditl flight experience
between 1 and 20 years (av. 7, 8% 5, 87) of experience. The average experience of

the Captains includes First Officers’ plus experereported as a Captain.

5.4.2 Flight Crews’ Information Requirements

The results concerning flight crews’ informationque@ements are shown as a
function of delays avoidable’This means, if the information was provided igHt
crews or received from flight crews, a turn-rouredag could have been avoided (1 =
very unlikely, 2 = unlikely, 3 = likely, 4 = verykely). Figure 24 shows the mean
values of ‘information requirements’ that all read high ratings from the

perspective of the airline pilots:
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Mean Rating Avoidability
. . | | | |
Operational Information From I 3.2
Cockpit ‘ ‘ ‘ .
Operational Information To | 2.8
Cockpit ‘ ‘ ‘ '
ATC Information Provision 3
Ramp & Terminal Service ‘ ‘ ‘
Problems ‘ ‘ I 2.7
Availibility of Parking Stand | 2.3
! !
1,0 1,5 2,0 2,5 3,0 3,5 4,0

FIGURE 24: MEAN RATING '‘DELAYS AVOIDABLE’

Highest ratings were assigned to the statemeeéd to take the information into
account which was proposed by flight crewsfere flight crews see fewest options to

avoid delays througtimely notification of problems with parking staassignment’

However, the initial assumption that ‘reliable pmdon of operational information
to the flight crews is correlated with ‘delays alalble’ did not show statistical
significance.

Flight crews were also asked to report about eveintsformation sharing failures that
they experienced; however, most of the flight crewsed theproposedevents in the
questionnaire that were identified as critical foformation sharing during focus
group meetings. Table 6 shows the reported frequehthe five proposed turn-round
situations and events from all participating fligitews as frequency in percentages.
Only turn-round events were proposed between rnoies? and 15; all other events
are attributed to the concept elemAREDM in Adverse Conditio(e.g. de-icing):
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TABLE 6: CRITICAL TURN-ROUND EVENTS AS REPORTED BY FLIGHT CREWS

TURN-ROUND PROBLEM

FREQUENCY OF REPORTS

SITUATION I: Availability of Parking Stand (Totall y Reported by 95.1% of Participants)

Availability of Parking Stand 95.1%

SITUATION II: Delay of Ground Services ( Totally Reported by 100% of Patrticipants)

SITUATION lII: Operational Changes (Totally

Baggage Loading/ Unload 47.1
Ramp Transfer Bus (Passenger or Crew) 11.8
Catering 1.0
Cleaning 29
Fuelling 4.9
Check-In 1.0
Security 2.0
Boarding 13.7
Airport Facilities 4.9
Wheelchair boarding 3.3
UM Boarding 0

Special Loading (e.g. musical instrument) 1

VIP Boarding 5.9
Missing Flight Documents 2

Aircraft Change 63.1
Crew Duty Change (duty roster updates) 18.4
Crew Change (new crew member) 1.9

Technical Repair 7.8
Other 3.9
Connecting Passenger 5.8
Necessary Aircraft Change 33

Avoidance of Aircraft Change 47.5
Other 5.8

5.4.3 The Aircraft Cockpit as Information Source

The information that should be shafeaim cockpit via standardized status alarms

with turn-round controller was also identified.uss to create status alarms included:

= Technical: if a maintenance action is requiredestiiation, mechanics should

be employed to assess the expected duration ohdhessary inspection or

repair.

= Catering: Incorrect catering service (e.g. incdrigagantities or catering items

planned for another flight) or additional requittems.

* Fuelling: Required extra fuel due to route or ftighan changes.

= Cleaning: special cleaning required.

= Crew request: rest time requirements or healthieélproblems.
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= Cruising Speed: Due to technical reasons, cruingl changes or weather,
speed changes may be necessary; (because flightegpdre only calculated
with standard speeds).

» Passenger requests emerging during flight (Pickegpest, health problems, or
others).

= Bulk cabin loading: requires extra time for un-loay

= MTTT or less: crew agreement to shortened MTTT.

This information together with the information hddg the turn-round controller
should feed into the decision making about the tlengf turn-round required at
destination, e.g. is MTTT acceptable, and finatlg tecision about the TOBT.

5.4.4 Flight Crews’ Strategies for Creating Situatbnal Awareness

A number of strategies which are used by flightwsreto create a situational
awareness for operational issues occurring atitbeaft could be identified. While the
majority of flight crews (70% of all participatintjght crews) still argue in favour of
more cockpit involvement in operational decisiorking, the novel approach to turn-
round decision making is increasingly taking plaae airline operation centres,
however different airlines use different approactesurn-round management (see
Chapter 6.3).

A. Knowledge-Based Situational Awareness (SA)

Flight crews frequently engage in knowledge-baggut@aches to create SA of the
turn-round. Rather than merely reacting to stinfitdm turn-round processes, flight
crews actively seek specific information, as a fiorcto the given situation. Examples

include:

= In-flight, flight crews actively sought status afes that they communicate to
turn-round control. Confirmation from turn-roundntmller for TOBT adaption
Is normally expected in this case.

= On the ground, flight crews contact turn-round colieér to update/ confirm
about passenger or turn-round process status. iJhised to increase SA of

turn-round manager and flight crews. This can bewed as a way to
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compensate for the non-existent standard informa@mchanges previously
mentioned.

B. Facilitating Activities of Flight Crews

* Creating interference during standard proceduresthef turn-round, like
initiating a halt of passenger boarding: if fligttews observe unanticipated
demand for extra turn-round time due to any reatfugy can halt passenger
boarding process and resume own responsibilitgHerlength of turn-round.
This requires exact tuning between cockpit and-taumd controller, because
new TOBT has to be proposed based on cockpitssassnt of the situation.

* Requiring TOBT be adapted: if flight crews see liincreased demand for
turn-round time, they propose TOBT adaption to tim-round controller.
This reflects the variables inherent in every ttoand process (e.g. amount of
passengers, catering/ fuelling requirements...) amatradicts the initial A-
CDM concept where air crews are not realized asDAM®artners.

* Creating a new status alarm: often issues arisegltine critical turn-round
path that are not foreseeable. This status aladinbeishared with the turn-
round controller who will then adapt the TOBT aatingly. Process planning
gets more demanding, if alarms arise in the lasutes before TOBT and this
requires exact coordination between all partners aotors. Failures to adapt
TOBT often arise during this last minute coordiaatiprocess where last
minute problems were reported by airlines to vaetwieen 8 and 15% on all
flights.

5.4.5 Effect of Process Delay on Departure Punctusf

Figure 25 provides an overview with significantretations that were identified
between delayed turn-round processes (independeiable) from service processes
in relation to the Off-block delay (dependant vak& which followed these delayed
turn-round processes While the first column sholes dmount of process delay in
minutes, the second column shows the minutes timatflight left delayed from

parking position. This indicates that the delayssea by these turn-round processes
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could notbe compensateby spare time or accelerated other ttwond process.
Even more, the delay increased during the coursigecurn-round.

However, since thealues of both variables result from qualitativeessment ¢

the situationssuch analysis provideonly subjective information..

Figure 25 shows thelelayed tur-round processegarking stand assignme,
operational information sharirto cockpit,and operational information sharifrom

cockpitthat were particularly interesting,cause of the this feature

OProcess Delay BDeparture Delay DOProcess Delay B@Departure Delay
% %
36.3
60 50 YT 40 374
50 418 30 27.5,7/1.:
40 1+
30 | 3.8 20 15.7 147
20 || 119 0.8 8.8 108
0 1 6.1 , 6 12 10 :
0 l:.——=-———— 0!
1-5 Minutes  6-10 Minutes 11-15 16-20 More than 20 1-5 Minutes 6-10 Minutes 11-15 16-20  More than 20
Minutes Minutes Minutes Minutes Minutes Minutes

FIGURE 25A: PROCESS ANDDEPARTURE FIGURE 25B: RAMP AND TERMINAL SERVICE

DELAY FOR PARKING ST AND ASSIGNMENT
(Spearman'’s rho = 0.363, p=0.001, two tailed fdsB4)

DELIVERY
(Spearman’s rho = 0.424, p=0.000, two tailed tdst,02]

BProcess Delay @Departure Delay

BProcess Delay @Departure Dela%

L' %

45.4 21.5
25
4518 _iz -5 20 17.1 15.16.5 15
2.7 20.6 11.

30 7.5 6.5 15 S
20 . 13.4 13.4" 10 | 4338

Ol _om o L

1-5 Minutes ~ 6-10 11-15 16-20 More than 1-5Minutes ~ 6-10 11-15 16-20  More than

Minutes Minutes Minutes 20 Minutes Minutes Minutes Minutes 20 Minutes

FIGURE 25C: OPERATIONAL INFORMATION
TO COCKPIT
(Spearman’s rho = 0.760, p=0.000, two tailed t§s97)

FIGURE25D: OPERATIONAL INFORMAT ION
FROM COCKPIT
(Spearman’s rho = 0.854, p=0.000, two tailed 1¥sf9;

FIGURE 25: RESULTS FROM FLIGHT C REW SURVEY

Even though it is not possible to infer that then-round process delaalone caused
the overall departure delay, it entails a high rdkoeing responsible for the del
since also theamountof delay correlates significantly between piss delay and
departure delay. It can be argued that this résunly flight crews’ assessments al

not real data during turreund. However, in all situatiorflight crews were always
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directly affected by the delay and were physicallgsent where the turn-round took

place.

5.4.6 Possible Failure Causes for Cooperation durinAircraft Turn-Round

Error! Reference source not found.provides flight crews’ assessment of possiblaufail
causes expressed in three components aims, respanckabilities. Even though it was
guestioned whether it is possible for flight creesdentify or understand such failure
causes objectively (See Chapter 5.2), the usefloéshe results for providing a
meaningful comparison between different turn-rotaillires is likely for the following
reason: flight crews have operational experienesfa home base airport with which
they are familiar. Since all participating flightegvs fly for airlines having a large
network operation, flight crews can easily compamn-round services from other
airports with their home base airpogtror! Reference source not found. therefore
compares the different ratings of the three comptsnaims, resources, and abilities as
possible failure causes like reported by the fligietvs:

Operational Information
From Cockpit

1.81
. . 3.06
Operational Information To 312
Cockpit 177 )

ATC Information 2.26
1.82
2,89
Ramp & Terminal Services 3.59
241
2.76
Parking Stand ﬁ
2.59
! 1 1 :
1 1,5 2 2,5 3 3,5 4

‘ Olinsufficient Participants' Competencies BInsufficient Resources BCompeting Aims

FIGURE 26: POSSIBLE FAILURE CAUSES DURING TURN-ROUND EVENTS

During all situations, except ATC information shmay; insufficient resources were
seen as responsible for delays of the proposedréummd situations with highest

values assigned to ramp and terminal service psesefRemarkably high values were
also assigned to insufficient abilities. The onbnrcooperative situation from flight
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crews’ perspective and analogous to Ferber’s cabiper model is the assignment of
parking stands.

Flight crews were also asked to report about péessither reasons for turn-round

failures (Figure 27):

Inappropriate Communication Facilities |

Inappropriate Sharing of Responsibility |

Information Overload |

Turn-Round Time too short |

FIGURE 27: OTHER REASONS FOR TURN-ROUND PROBLEMS

The main reason reported refers to the turn-roumd that is too short: If this is the
case, there is not sufficient time to compensatg amcess delay. The second
reported was the responsibility for decision makitigat was reported to be
inappropriately shared. Further reasons mentionerk weason related to important
information that is hidden among an overload obinfation provided to the flight
crews, and also the inappropriate communicationlitias that do not allow

addressing concerns during turn-round.

Flight crews also had the possibility to mentiohestcauses of problems in free
text. Although some reported results correspondth® causes proposed in the
guestionnaire, they were stated explicitly using fiee text option. Table 7 presents

these responses.
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TABLE 7: POSSIBLE CAUSES FOR TURN-ROUND FAILURES

Possible Causes No of Reports

Not sufficient ground personnel 7
Motivation and competence of ground personnel
Lack ofcompetentamp agent

No situational awareness of airport partners atarsic
Too many different decision makers

Not enough training of ground personnel

No clear sharing of responsibilities

No or inappropriate use of communication devices
Bad coordination of ground handling processes
Unrealistic scheduling of processes

Decisions outside of captain's assessment
Inappropriate delay code assignment falsifiescaabes
Too much time pressure during turn-round
Information sharing with service providers

RlRr| R R R R R RN w w oo

A further question to be answered aimed at ideingfyhe flight crews’ perspective

to decision making during turn-round was:

“Do you think it would be an advantage if the fligtrew were more involved in

decision making on operational issues during tusnsd?”

From 93 flight crews who answered this question, &swered with “Yes”
(representing 70 % of all valid answers) giving tbkowing reasons (n = 28 or 30.1

% were against more flight crew involvement) lisbedow in Table 8.

TABLE 8: REASONS FOR COCKPITS’ INVOLVEMENT IN DE CISION MAKING

Reasons in Favour of more Flight Crew Involvement No of Reports

Situational Awareness best placed at aircraft 34
Earlier detection of problems and so earlier sohgipossible
More information in hand

Crew has final responsibility for the flight

Dispatch too far away from action level

Fastest possible response + solution to arisinigl@ns

Better evaluation of possibilities in hand and tirequired
Captain should be place where information gather

Last minute problems only present at the cockpit

Often other decision makers do not have sufficiiené in hand
Less mental stress through avoidance of 'surprises’

More experiences with similar situations

More flexibility

Dispatch not always competent enough

For specific situations, e.g. aircraft change, bécdi

Only, if decision making isefactomade by flight crew

Better teamwork instead of debating with dispatch

Only for decisions where judgement is better pdsdiiom cockpit

[EN VSN [N I N N N N S RN Y R R RS R RS
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Flight crews who aragainstmore involvement in decision making argue (Table 9

TABLE 9: REASONS AGAINST COCKPITS’ INVOLVEMENT IN D ECISION MAKING

Crew has other tasks 4
Work load already too high 6
Against Flight Safety 2
Not sufficient Situational Awareness at Aircraft 12

Only shifting of responsibilities to cockpit 1
Not enough time 3
Not necessary, if appropriate processes are ireplac 2
1
1

If necessary, information can be forwarded
Too many different opinions

5.5 Concluding Aspects

Having identified the constraints framing A-CDM ahdn-round management,
the survey as designed to find the situations wileese constraints occur during
turn-round operation and result in service failurpsocess delays, and TOBT
inaccuracy. Given the rising number of stakeholderd participants involved in
even for a single turn-round only, it was assumieat 2 number of turn-round
process failures could result from non-cooperatredaviour among participants.
Therefore, an investigation was pursued that asligualitative data of aircrews
because they are normally not blamed for failuna$ng turn-round. However, seen
from the perspective of the airline flight crewise toverall collaboration during day-
to-day turn-round operation was perceived as ca@bper The only example that
was captured as being non-cooperative is the assighof parking stands (Chapter

5.4), if following the theoretical model of coopgoa as proposed by Ferber (1995).

According to Ferber (1995) a cooperative situatisnthe prerequisite for
successful collaboration and cooperation dependsims, abilities and resources
(see Chapter 3.2). In the context of turn-roundrafjp@n, information was viewed as
one of the resources that have to be providedad @BT decision maker. However,
another result from the survey reveals that turmdooperation is limited by failures
to share timely and relevant information with thirge flight crews, and also by not
using the information that is provided by the flighews. At the same time, the study
was also used to identify which information is flpaequired to predict turn-round
process duration and which can so be used for legilog TOBT predictions. Which
information is already available that would allovakmg earlier and more accurate
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TOBT updates was also analysed. These findings \atee used to design the
experiments (see Chapter 7).

The initial assumption that timely provision of anfhation about turn-round
service problems to aircrews could be beneficiahwoiding a turn-round process
delay was not provable. However, the effects obrmiation sharing failures on
TOBT predictability could be demonstrated by conmpathe delay caused by turn-
round process failures with the overall delay @& trn-round: the relation between
the turn-round delay and the process delay showedisantly higher values for the
turn-round delays. This result was compared with thaccuracy swing effect
(bullwhip effect) as an analogy from the productiodustry where the network of
service providers can oscillate in very large swing the process takes place within

the critical path of turn-round events.
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6 FIELD OBSERVATION DURING A-CDM TURN-ROUND
6.1 Aims and Objectives of the Analysis

The aim of this study was to develop a better wtdading of how operators
monitor the complex, dynamic aircraft turn-roundergiion and to identify the
influences of the monitoring strategies on TOBTdmton accuracy. It outlines the
currently used practice of turn-round monitoring fidghts preferably having only
minimum turn-round time available for the turn-rdumprocess.The analysis is

expanded to consider:

» aspects of situational awareness required for ioumd management;

« problems identified in achieving an accurate ahdioke TOBT,;

e cognitive aspects that have influence on the taumd process and TOBT
prediction; and

* current modes used for information sharing amongpai partners.

The underlying aim was also to identify whether TiO@edictions are influenced by
the current approach to turn-round monitoring arnetiver TOBT predictions can be
improved so that less updates are required andatil@vs from first assigned TOBT

remain small.

6.2 Method

While some turn-round situations can be pre-plandedision makers will always
be faced with unanticipated situations resultingmfr unknown variables in the
environment or technological capabilities. Thesaasions can affect time estimates of
turn-round processes resulting in an inaccurate T@Bediction. However, since
ATC uses the TOBT as a reference for building tleedeparture sequence, deviations
from TOBT may interfere with the stability of theepmhrture sequence. To
counterbalance this unreliability, ATC has to buricextra buffers between TSAT and
Target Take-Off Time (TTOT) with the consequenc@abr TTOT prediction for the

airlines and the overall network.

Therefore, field observations were conducted totwaphow airline operators
monitor the complex, dynamic turn-round procesaiafraft, passengers, and cargo in
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normal operation in situ for a total of 122 houfFse observation time was different
between airlines a, b,c,d, and e (a = 82h, b = @4h10h, d = 8h, e = 8h) because of
the large differences among the airlines in marggihe turn-round process.
Observations took place in five different operatmentres from Lufthansa German
Airlines, British Airways, Air France, KLM, and Bssels Airlines. Focus was applied

placed on monitoring turn-rounds with only minimdumn-round time available.

According to Su et al (2005), visualisation, sitoiaal awareness, proactive/reactive
monitoring, and interactive capabilities are theairfeore elements necessary for
effective human monitoring of complex systems.nem®f these elements is missing,
decision making will always involve handling uneenties. The control room
observations at the airline operation centres warged out with focus on these core
elements while keeping in mind that decision makiagnever fully predictable

because of the imponderability from environmenberators intentions.

Turn-round operation is getting increasingly compleecause of interdependencies
between third party ground handling service prosgdéhe number of participating
parties for each turn-round, size and dimensiomigdorts, and the decreasing time
available for each individual turn-round. How hun@perators monitor the quality of
these networks not only has a great impact on ffielemcy of the turn-round
operation, but also flight punctuality and passersgisfaction depend highly on a

reliable turn-round process.

The method used for analysis evolved from this mis#uation. Observations
(preferably with minimal interruption to activitiesere carried out with the following

questions as key drivers:

« What are the tasks of the turn-round controller amt does the practice of
TOBT assignment look like?

* What are the current modes used for monitoringuh@round?

* What are the monitoring and facilitating activitiesed by the turn-round
controllers?

* What technological configurations are availabletton-round monitoring?

* What cognitive challenges are inherent in the taumd monitoring task?

* What strategies do turn-round controllers use?

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 127



‘ Chapter 6: Field Observation During A-CDM Turn-Round

To organize the results, a model analogous todhaficente (1999) was applied
that is able to capture the cognitive, monitoriagd the facilitating activities of the
controller that he applies during turn-round. Aailed description of his model can be
found in Chapter 6.3.8 that also provides the nedseo its relevance for turn-round
monitoring. High importance was assigned to thelifigs and therefore detailed
results from control room observations are giveRapter 6.3. They were also used

as basis for designing the experiments.

6.3 Results
6.3.1 Current Modes of Turn-round Monitoring

For the benefit of the ATM network, the airline coamy is responsible for
predicting an accurate TOBT. This task is usualgledated to the turn-round
controller who monitors the turn-round process elpsDifferentmodesof turn-round
monitoring, based on airlines’ individual requirarteeand operational concepts could
be identified.

Monitoring activities during turn-round process control very much dependhe
actual situation and turn-round controllers’ stgads for responding to the local
context. Controllers are often required to monmwitiple turn-rounds simultaneously,
with the effect that the time available for eactiwdual turn-round event can be very
limited. In general, two different modes of monitg the turn-round process were

observed:

* Local Turn-round Management (LTM): a turn-round tcoher is assigned to an
individual flight and is physically presermt the aircraft where he directly
controls the turn-round process. He can either gyeepurn-round processes
based on requirements of the airline, his own egpees and knowledge-based
strategies, or simply react to problems arisingcdldurn-round monitoring was
traditionally used by the majority of airlines untbst pressure caused airlines

to pursue less labour intense modes of monitoring.

* Remote Turn-Round Management (RTM): a turn-roundagar controls turn-
round from an operation centréypically at the airport, but remote from the
aircraft. He is using automated data and inputsifdifferent agents, e.g. flight
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crews, loaders, flight managers. This approachess llabour-intensive and

increasingly being used by airlines.

Which approach can most accurately predict TOBUgtmaking it more reliable
for the ATM network) has not yet been demonstraidatre are also other approaches
to turn-round monitoring, e.g. like flight crew doolled turn-round monitoring, which
were not observed during this study.

6.3.2 Current Practice of TOBT Assignment

The role of a turn-round controller can be desaribe monitoring the turn-round
process while being responsible chief executiveatbturn-round events assigned to
him via coordination of all ground handling relatptbcesses aimed at achieving
highest punctuality possible. If punctuality isator or turn-round processes cannot
be handled as specified by airlines, he activetgrirenes in the ground handling. The
task of the turn-round control can be either penka by the airline operator directly
or any contracted ground handling company. The npariners the turn-round

controller interacts with are:

e cockpit crew (coordinates aircraft processes);

ramp agent (coordinates ramp processes);

» airline representative (coordinates flight schedelg. flight cancellations or
equipment changes);

e gate manager ( coordinates passenger flow);

» gate employee ( coordinates passenger check-ib@arding);

e airport representative (coordinates parking pasiénd ramp services);

* one or several external coordinator(s) ( coordmatieird party service

deliveries).

The turn-round controller deals with all irregutees. He also coordinates the turn-
round process with other controllers or coordirat@sponsible for the affected sub-
processes. His responsibility is also to informtmens or actors involved about
irregularities known to him and decision about flassstrategies in case of arrival
delays with consecutive turn-round having only MTaVailable, e.g. initiate quick
turn-rounds with special attention or leave baggagsesengers behind.
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The underlying aim of turn-round control is to daggh the flight as close as possible
to the SOBT.

Differences in assigned tasks exist between tuandocontrollers durind.-ocal
Turn-round Managemerdnd Remote Turn-round Managemesee Chapter 6.3.1).
While turn-round controllers at the ramp (Local fmound Management) are able to
derive information for coordination of turn-roundopesses bybservingreal-time
events, the controllers at the control room haveide available datdisplayedon
computer screens as main information source, diaieiinteractions via telephone,
radio, or ACARS.

It was observed that Remote Turn-round Managementrallers often have
additional tasks compared to Local Mode Turn-roaodtroller. One of the major

tasks is monitoring data that may have consequemtégyht punctuality because of:

» positioning crew delays or crew schedules changes;
e published CTOTs; or
» assigning delay codes to the airport partner whesponsible for causing the

process delay.

A number of working processes are defined for Rembtrn-round Management

controllers, but they differ depending on airlirdipies. These tasks include:

* loading of all required IT systems;

» preparing individual roster with assigned turn-rdsin
e checking for crew rotation;

e processing telexes received,

e creating movement messages;

* answering or forwarding data or voice messages;
» work the required aircraft changes in the schedarid;

» delegating operational tasks to participating actor

Only a few processes hapeedefinedprocedures designed for necessary deviations
from standard procedures, e.g. if delay is gredtan a certain threshold value or
aircraft/equipment changes.
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However, for the ATM network and all Airport Partagthe most critical output of
the Turn-round Process is the Target Off-Block T(M@®BT), because TOBT defines
not only the coordination and controlling of allevational processes related to ground
handling, but it is used as a reference time foCA® issue the TSAT. TOBT is the
mandatory time for all participating actors, whaneraft loading has to be completed,
doors closed, and all ground handling equipmentokesa. If it becomes necessary
that TOBT cannot be maintained, the turn-round radlet is responsible for updating
TOBT depending on the given conditions and consideof all logical requirements.
Regardless of turn-round controllers’ strategidse process of TOBT assignment
depends on local procedures defined by particigatirport partners.

6.3.3 Monitoring and Facilitating Activities used ty the Turn-round Controller

Now, turn-round controllers’ actual monitoring adies — from indication of
pieces of data to proactive acquisition of inforioatare described here. The
following list is a comprehensive set of resourtted were provided by airlines during
the observed modes of turn-round control, eitheéhatramp or in the control rooms.
Not all airlines use all of the resources descridmat those procedures and tools

corresponding to their own requirements.

» Actively conducted field monitoringas described earlier, different modes of
turn-round monitoring are possible. In some cages;round controllers were

always physically present at the aircraft.

* Monitoring turn-round status using camerasontrollers obtain visual turn-
round status information via cameras; while somarotiers prefer to monitor
individual aircraft parking stand, others used arenapron oriented camera

perspective.

* Monitoring aircraft status using displayed dateontrollers use data about

aircraft status to obtain information of plannectift arrival times.

e Monitoring turn-round status using displayed datantrollers use displayed
turn-round status data to obtain information ablantside and airside turn-

round status.
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* Monitoring passenger/baggage status using displalae controllers use data
about passenger check-in/boarding status and badgagtion data to obtain

information about airside and landside turn-routadus.

e Communication with field operatorsontrollers communicate by phone or
radio with actors at all relevant locations in teeminal building as well as on

the ramp to obtain an indication of information abthe turn-round status.

« Communication with other airport partnersontrollers communicate via phone
or face-to-face with other airport partners to obtadications of information
about the status of resources e.g. availabilitypardking position, manpower,

equipment, and whereabouts of proceeding crews.

* Monitoring alarm panelscontrollers obtain alarm messages automatically (b
pop-up windows) for some missing indications ofntoound status data or
critical crew proceedings - which in some casessukh be provided by

participating partners.

* Monitoring other turn-rounds:controllers use status information about non-
assigned turn-rounds in order to obtain informaabout resources that may be

awaited, e.g. manpower or equipment.

* Monitoring data link messagesontrollers use indications made available by

flight crews to obtain information about operatibpabcesses at the aircraft.

* Reviewing log recordscontrollers use printed information with turn-raun
overviews and turn-round reference models to log aritiate

actions/information required by participating pars

A number of activities could be identified that arsed by controllers to make
monitoring more efficient. These activities reveadeful insights for analysing
procedures or tools for future turn-round monitgrikacilitating activities used by the

controller to make monitoring more efficient incud

e creating external support by using their own stig®e adopted from
experience, training, or knowledge,;

* initiating interactions with other partners or astoe.g. via phone, radio, or
ACARS;
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e creating external reminders for monitoring incluglippersonal notes or
coloured stickers;

e ignoring pop-up alarms, because situational awaemeuld be established
earlier; and

» creating shared situational awareness with othdicgaating actors through

initiation of interactions.

Controllers also adjust their tasks in order to enatonitoring more manageable.
They achieve this by setting priorities, scheduljofps, and allocating tasks to
participating actors. Activities identified at tretage are very much knowledge-driven
and the success of the turn-round depends on desisnade at this level. Su et al
(2005) claim that controllers who are able to ragikheir workload in order to make
it well calibrated totheir cognitive capabilities are less susceptible falufas or

errors.

6.3.4 Technological Configurations Available for Maitoring

A number of data and information sources are ablgilat airline operation centres
depending on the airlines’ requirements and thegae of its intended usage.
During turn-round management, human-informatiorerettions are established via
human-human and human-machine interactions. Theseractions require
standardisation to accomplish turn-rounds defing@idine companies’ pre-sets like
the reference turn-round procedures models. Howelteing various key stages of
the turn-round process, no standardised or autahpatecess of information sharing
could be observed, e.g. via procedural workingdsaeshs or mandatory data exchange,
so as to facilitate human-information interactioespecially required during
unanticipated turn-round process steps.

If e.g. unknown variables are encountered, preddfidata has to be shared
between actors like flight crews, turn-round mamager mechanics. However, only
rough guidelines exist about who should be inforraed when. If standardisation is
not used to the maximum possible extent, failuesshare data, knowledge, or
information during such situations can result inirmaccuracy swing of the turn-round

delay (see Chapter 5.4).
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Although these information interactions are ofteqguiredacross organisational
boundaries involving airport partners and servioeviglers, but so far they only take
place spontaneously, depending on the actors iedoland their information

processing behaviour.

A. Human-Human Interactions during CDM Turn-round

Modes used for human information interactions amapeyators include telephone,

two-way radio facilities, or face-to-face commurnios:

» Telephone facility: allows participating partnecs dall each other in order to
exchange data/information and time estimates, slagaing with cockpit only
between actual on-block time and actual off-blaoiet

» Radio facility: allows participating partners tontact each other in order to
collect or forward data and time estimates alrdz&hgre actual on-block time.

» Face-to-face communication: allows participatingipers to contact each other
in order to collect or forward data and time est@saluring turn-round.

 Typed Messages: flight crews and other participaz@s access computer

terminals to download flight related data/informati

A.1 Interactions between Turn-round Manager andkpdc

During direct turn-round management, human-humderactions usually take
place via face-to-face communication between thea-tound manager and flight
crews. Whereby proactive behaviour by both turmtbumanager and cockpit
contributes not only to avoid turn-round proceskylebut helps to avoid turn-round
process delay and enables other partners to takemyate actions by establishing a
distributed situational awareness. Local Mode ah4wund management is also

influenced by skill, rules, and knowledge-basedavasur by the turn-round manager.

During remote turn-round management, all interastidbetween cockpit and
control centre take place in order to assure thtatoonal awareness is shared
between the turn-round manager and flight crewstandard and non-standard turn-
round processes. However, the distance betweeaoottigit and turn-round manager
creates a physical hurdle that has to be overcomadans of telephone or two-way

radio communication. Hence, it is important thaeractions are initiated because not
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all required data or knowledge is automatically shabetween the turn-round

manager and flight crews.

A.2 Interactions between Cockpit and Other Actors:

The flight crew possess the most knowledge relevanthe aircraft status.
Therefore, operators involved at the ramp commueaichrectly with flight crews,
while operators at the terminal usually communicaith the turn-round controller.
Turn-round process coordination is provided by mn-tound manager or in some
cases established as an automated process, ediniggarocess starts at a predefined
time before TOBT.

A.3 Interactions between Turn-Round Manager anceO#ttors:

The number of interactions depends on the complexithe specific situation (e.qg.
passenger numbers or composition, baggage volutheeinherent constraints (e.g.

MTTT or resources available).

A.4 Human-Machine Interfaces during Turn-round

Thespecificconfiguration used for turn-round monitoring igefenined by airlines’
individual requirements and the emphasis it putsuon-round management. Various
software tools for turn-round monitoring exist; rexer, airlines use similar tools in
different ways. As a consequence it is necessat theside technological
requirements also the user-specific requirementtudimg cognitive demands are
taken into account for the design of the commumoaand monitoring tools. The
following list shows the HMIs that are available tarn-round control in the control

rooms, aircraft cockpit, and at the ramp:

B. HMIs available at the Turn-Round Control Rooms:

» Airlines’ operation control systems: can be accgéssed updated with new
information from all stations served by the airBheetwork a level of detail
depending on individual airlines’ requirements. Eydes of data usually
received automatically by airlines’ operation cohtsystems include AOBT,
ATOT, EOBT, ALDT, AIBT, EIBT. Movement and Delay regages are sent

by interactions from outstations.
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 ACARS Messages for communication with aircraft dinght crew (See also
Chapter 7.4);

» fax/telex: electronically and automatically rece&lveessages from all partners;

* ARR/DEP overview of all flights, additionally stamimber, TOBT, ELDT,
and ALDT can be obtained,;

* real-time baggage tracking information;

« real-time passenger processing information;

e real-time ramp processes tracking information;

» cameras for aircraft status monitoring;

* sequence planning tool with TSAT from ATC;

* CFMU interface for CTOT, FUM, and DPIs; and

» specific passenger information.

HMIs at the Cockpit:

 ACARS: sending and receiving data to and from naumd partners. Turn-
round information requirements can be communicaiadACARS, two-way
radio, or telephone.

HMIs at the Ramp:

e Sending and receiving data from and to the aidiperation centre. HMIs used
here have real time capabilities and attempt tcesse situational awareness as

well as the proactive capabilities of actors atrérap or terminal building.

6.3.5 Factors Contributing to Monitoring Difficulty

The remote mode of turn-round management is aivelgtnew approach to turn-

round control; the factors that contribute to moriitg difficulty are now discussed:

* Number of turn-roundsithe total number of turn-rounds assigned to an
individual controller determines the time availabd monitoring each single
turn-round process. A great difference could beeoled in the number of
turn-rounds which were assigned simultaneously ntanalividual controller
among the different airlines where turn-round manity was observed,

varying between 3 and 15 turn-rounds. It is questib whether sufficient
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attention can be maintained to each individual -taumd, if the number of
turn-rounds monitored bgne controller in parallel exceeds a specific value
and workload, whereat the workload again depends vamber of issues that

have require attention (See chapter 2.5).

» Multiple parties with differing goals involvedultiple parties responsible for
the various supporting turn-round processes duismgle turn-round process
with each party having its own resource constraamd inherent intentional
goals. However, understanding individual actors’algois necessary to
establish gylobal goal among all participating actors and airportipes. It is
also unlikely that in case of individual goal sditfferentfrom a global goal,
actors will share their goals with others. Indiadliactors’ goals can range
from personal interests to achieving advantages tf@ own company.
Therefore, in order to enable successful monitering necessary to identify
the inherent goals and motivations alf participating operators and the
constraints within the different domains during ®&. This information
should then be used to identify and apply coopamabuilding factors to day-

to-day turn-round practices.

* Reliability of information:information provided by supporting actors is not
always as available as required because of therdiff approaches and
procedures towards information sharing establish®d the individual
operators. Even when required, operational infoionarom the action level is
not necessarily available at the monitoring lewg do the failure to establish
standardised processes of information sharing,ii@rmation about boarding
status is not shared or actors forget to feed ttettim into the tools established

for monitoring the flight/turn-round progress.

* Incomplete process status datdue to the complexity of the handling
processes at some major airports, operators’ res@anstraints or companies’
internal regulations, not all turn-round processas be tracked automatically
yet. As a consequence, required data for monitasnpt provided and turn-
round controllers have to make decisions basechancmmplete picture of the

situation.
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» Degree of automation suppot8elf-procurement’ of data e.g. via telephone or
radio is not only time-consuming, there is higtk rig missing key indicators
or focusing on minor items, while critical data hglden within turn-round

complexities.

» Cognitive demandscognitive workload of controllers depends on tieel of
automation, individual knowledge, and workload fdegon activities. While
cognitive capabilities vary among controllers, wodd regulation activities
are used very much by controllers and so determouirreround success. If the
workload is too high, the possibility for controbeto develop their own

regulation strategies is reduced.

» Feedback from actorsontrollers require feedback from actors and atoes
on the ramp or terminal building for monitoring,ge.about execution of
services or availability of resources. No standaadifeedback processes could
be observed because actors’ individual goals danaoéssarily correspond to
the controllers’ need for feedback.

* Number of third-party providersan increasing number of participating service
providers also increases monitoring complexity. sTim turn imposes a
challenge for the turn-round controller to identifye service provider or actor
who is involved in an individual turn-round proce#s a consequence, the
controller is not always aware who provides thendtaund service. If he
requires process related data, he may have to atos¢@eral companies in

order to identify the assigned actors.

» System complexity and reliabilityAirport size, technological level, and
cultural diversities also contribute to system ctrjpy and monitoring

difficulties. Monitoring solutions have to be adegto local needs.

» Alarm system desigrsome monitoring tools have an automatic pop-uprala
for e.g. delays of flights with proceeding crews lwpard or delayed ground
handling start. However, in all observed casestithmg of the alarm was too
late in order to initiate a corrective action abde avoiding a delay. Again,
cognitive workload adjustment is applied by conéi@ and so far the only

solution available to solve such problems.
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Display and control designThe standard workplace of the turn-round
controllers has five screens with functionalitiedestable by controllers. The
workplace also includes telephones with short daleptions to all airport
partners involved. However, controllers often hawvswitch between different
scenarios or displays and a view of the overah-taund process information

showing all required data is not available.

Sharing of Responsibilities:different actors have different levels of
responsibilities for decision making. This informoat is not always shared
with turn-round controller and therefore he hasémtact multiple actors to

identify the responsible function.

Delay Code assignmenthe turn-round controller assigns delay codegHer
function that he considers to be responsible f& delay. However, this
practice of delay code assignment challenges thelevtATM network
philosophy of the A-CDM approach. Even though thentround controller
often has to rely on information provided by thpairties, this procedure is still
seen as a punishment for operators’ behaviourdasters the perception of a
blame culture among participating actors. This hawes counter to the idea

of creating a cooperation building culture with omlttrust among operators.

Some of the challenges in turn-round monitoring tiomed here could be

overcome through process reengineering, culturahgé or technological progress.

As a next step in the research process, focus gi@mqussions between turn-round

controllers and other functions will be carried aatidentify the potential for such

alternative approaches towards turn-round managemen

6.3.6 Cognitive Challenges for Turn-round Monitoring

A number of challenges for turn-round monitoringisar due to cognitive

vulnerabilities while on-task. Examples include:

Monitoring requiresvisual samplingandselective attentiarthis involves turn-
round controllers being vulnerable to missing catievents or information

because of breakdowns in the serial scanning psod¥sen scanning turn-
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round processes, controllers face information @ae&l| time constraints, and
may not be able to detect unanticipated eventsediime required.

 Data exchangebetween partner@cross functionshas to be established
throughout distributed locations and also via ddfé modes. Data exchange
between turn-round controllers and other actorsedaglace with external
functions often having unknown goals and mindséhere competing
interests are likely to exist, required communmatie.g. between turn-round
controller and flight crews is not always pursuesl @eeded and as a

consequence, situational awareness cannot be greate

» During peak hoursinteractionsare initiatedfrom multiple sidestelephone,
supervisor, colleagues, incoming ACARS messagesiequests via radio.

Prioritising and selective problem solving skille aequired.

* Insufficient datafrom turn-round service providers or about therait turn-
round status are availabfer a reliable TOBT decision makingtherefore
TOBT has to be assigned without having real dathaom.

» Situational awareness depends onahiity of the turn-round managdo use
the tools, data and displays given to create a ahstriategy. Prior experience
and long-term knowledge in turn-round managementgraatly contribute to
monitoring success. E.g. how to detect events rieguattention and now to

find solutions for these events.

» Information representation on displayjhemselves can be the cause of a
problem. Is it possible to extrapolate the infororatrequired to tackle turn-
round problems from the screens or does essemtiallthve to be acquired by

initiating interferences with other actors?

 Somesystemsare available whiclcreate alarmsin the form of displayed
messages about, e.g. a process that has not startedw arriving delayed
from an inbound flight. Turn-round controllers aftegnore these because the
mental strategy for solving the problem is différéom the solution proposed
by the system logic. Moreover, the high amount alsd alarms results in

controllers tending to disregard them completely.
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Data overload versus insufficient dataa major reason for cognitive
vulnerabilities reported by turn-round controllénsludes thecompositionof
provided data. Thdarge amountof data available does not represent the
information format required for operational decisimaking as well athe way

it is made available entails the risk to overloskential information which is
hidden among other data. More importantly, decsiorade by other airport
partners or the results of such decisions are uwmnaatically available. The
reasons for non-data sharing could be cognitiveofacavoidance of blame, or
other not yet identified hurdles having the effdwt updates of controllers’

situational awareness is not always possible asnezt)

Data filtering: by using the large amount of data available, Rerforn-round
Management controllers have to create a visuadisatf the turn-round
without being able to inspect the situation witkithown eyes. This poses a
high risk of missing necessary signs indicatingcpss delays that would be

obvious during DTM.

Network data or status informatidnom ramp/terminal processes: data about
the status of sub-processes frath participating actors during turn-round are
not automatically shared, but this is required ideo to create a situational
awareness especially during the critical path of selquential turn-round
processes. Furthermore, data about participatitgysacs presented in various
formats (e.g. visual, numerical, or interactiveyeg through a single source
format, visualisation has been proven to be thetrafisctive way to create
necessary situational awareness it is not yet ablail for turn-round

management.

Proactive versus reactive monitoringh major challenge arises from the
current practise ofreactive turn-round controlling behaviour. Tools with
predictive capabilities for the turn-round procesdaring critical path enable
controllers to create a situational awarenesreactive monitoring of turn-

round with determination of current state followsgdpredicting the trajectory
of the future state of the turn-round. However,toalters today have to track

turn-round in real-time, react to alarms createdth®y system, or respond to
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interactions created by participating actors. Suobnitoring only permits
reacting to the problem occurring by following affiaal process — not
assessing the future state of the turn-round. ohtrast proactive monitoring
would enable prediction and result in increasethbdity for the network and

passengers.

6.3.7 Strategies Used by Turn-round Controllers foMonitoring

Airline companies provide working strategies anddesfor monitoring turn-round
flows to the controllers. These strategies difigngicantly among airlines observed.
The turn-round controllers themselves again adogt bwn strategies for monitoring
the turn-round depending on the given working pdoces, situations, knowledge, and
tools available. However, it has never been demnatest which strategy used by the
airlines results in the most reliable turn-roundgasses needed to make TOBT
prediction as accurate as possible. Flight cregseim favour of the traditional mode
of turn-round monitoring like the local mode tuund monitoring, because new
modes established are so far not able to replac®dhefits that are available during
local mode turn-round monitoring. The new remotendtound monitoring was
generally accepted, but many difficulties duringntound are still attributed to the

new mode of monitoring.

The major concepts used by turn-round controlleisnew be described:

A. ‘Situational Model’ Driven Monitoring

One major finding witnessed in the observation wasee that regardless of the
mode of turn-round control or the tools availalen-round controllers were trying to
build and maintain theiown situational model which in turn directed theireation
and set their expectations during monitoring atiési This situational model
however, is greatly different depending on the madeturn-round control. For
example the turn-round controllers at the airccaitild already anticipate problems
arising with de-boarding or loading and consequemtitiated required actions
proactively. Turn-round controllers at remote posis had to be updated about such
situations by the ramp agents or the flight cremoider to establish the required

situational awareness.
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One key aspect of this observed behaviour is tfferdnce between local turn-
round management and remote turn-round managent@oh vwmerges through the
technologies and the cognitive driven approached.ud/hile during local turn-round
management controllers use their eyes to obsemet®which may require predictive
analysis of the situation, turn-round controlletrsh@ operation centres have to rely on
the information displayed on their monitors, theaming calls from actors at the
airport terminal or the ramp, and the cameras fpdowards the aircraft parking
positions. This induces that predictive behaviaguired for turn-round control is not
possible in the operation centre because of theingsnformationvisually perceived
by the ramp agent at the aircraft. Situational gsialis therefore only possible based
on information received via human-human and hunwnputer interactions. This
simple example shows that the task goals are thmee sa all modes of turn-round
monitoring, but thesituational manifestations between the of direct and remote
monitoring locations shaped tHeehavioural manifestations of turn-round control

between proactive at the ramp and reactionarynabte

B. Rule- And Knowledge Driven Monitoring

It was observed during local mode of turn-round aggmment that turn-round
controllers usually engage in rule- and knowledgeeth monitoring of the processes
at the ramp for estimation of the TOBT. Rather thagrely reacting to stimuli from
process failures, turn-round controllers seek qetcgic information of the current,

but often - unfamiliar situation. Examples of thipe of behaviour include:

= Already before the aircraft arrives at parking posi turn-round controller re-
confirms availability of personnel and required ipguent with participating

actors.

»= Not only normal turn-round processes were coordmabut also special ground
handling issues were prepared with confirmatiomsdal participating actors. If
a problem arose during pre-arrival phase, a passsolution was already

analysed to avoid failures during the critical chai

» Problems forwarded from flight crews after landimgre analysed directly after
AOBT.
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= Actual passenger numbers are used to make estimiabemrding/de-boarding

times.

Therefore it is proposed to engage in further aalgbout the possibility of also
establishing proactive behaviour as it was obserdeding direct turn-round

monitoring at remote operation centre.

It is hypothesized that reliable TOBT predictiosaldepends on theumber of
turn-rounds which the turn-round controller hasnonitor simultaneously. Great
differences exist among the observed airlines ablmithumber of turn-rounds being
monitored in parallel. In some cases, it was oleethat turn-round controllers have
to monitor up to 15 turn-rounds at the same tirnis. drgued that sufficient time is not
on hand to proactively prepare each turn-roundtsemwed during local mode turn-
round monitoring — particularly if unanticipatedeews are encountered during the

critical path of turn-round processes.

Nonetheless, advantages could also be observeagdRiiM stemming from tools
and information sources available at the operatientre which allow turn-round
controllers to use other forms of monitoring usawjivities they are able to apply or

the information sources at the working position.

Turn-round controllers adopted strategies like:

= Proactive telephone calls: As the most frequentlyseoved mode of
communication turn-round controllers used the didkal functions on their
telephones to check with actors at the ramp albeutivailability of personnel
and equipment. Needless to say, the number of fiweacalls very much
depends on the number of turn-rounds being monitatehe same time. The
difference observed in the number of turn-roundsindpemonitored
simultaneously ranged from three and 15 turn-rouwdsle during turn-round
monitoring of only three turn-rounds at the sameeti proactive behaviour was
applied as prevailing turn-round strategy of thataalers, larger turn-round
numbers allow only toeactto requests from incoming calls of other actors or

to focus on the discrepancies already known bytméroller.

= Reducing MTTT: While some operators also use differacronyms for the
TOBT, large differences could be observed duringesu practices of TOBT
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assignment. It is in the interest of the airlinesdduce MTTT even further, if
AIBT is delayed more than SOBT — MTTT, and as aseguence, a departure
delay has to be faced. To prevent delays from bawpmoo long, turn-round
controllers use two different strategies: eitheeytireduce the MTTT by
applying a special turn-round procedure (e.g. @meeesupport via additional
ground personnel), or they only reduce the MTTTalgertain margin without
taking any other information or factors into accouburing some observed
cases, turn-round controllers used only the MTTTaasore reference for
TOBT assignment; if TOBT deviations from origindDBT were greater than
a predefined value, the new TOBT had to be apprdyethe airline dispatch

or flight crews.

= Creating indicators or alarms: Quite a number o&negles of turn-round
controllers exploiting the flexibility and functiahties of the available tools
and functions could be observed. For turn-round itoong, most airline
operators provide the controllers with five disgagnd different tools for
flight, turn-round, or process monitoring. Turn-noucontrollers can choose
display scenarios and tools depending on their pxgferences. The strategies
used here also depend on the knowledge level dfaltan and the ability to

extract information as required.

= Difference in creating an overview of displayedomhation which turn-round
controllers were using for day-to-day monitoringhNg some controllers used
their displays dedicated to individual turn-rounctets as aletailed depiction
of all turn-round processes, others used a riigte status orientedool where
all monitored flights are visible at the same tiorea time axis. The detailed
turn-round depiction allows them to follow up edaam-round process in real-
time, while the flight status oriented tool onlypitds an overview of all
monitored flights. This tool however requires adstial information on the

turn-round status to allow real-time monitoringtloé critical turn-round chain.

e Setting Rules: The adopted strategies used alsendepn the rules and
policies defined by the individual airline. The nm@sominent example is the

definition of the length of a MTTT: For the sam@eyof aircraft, comparable
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type of turn-round and size of airport, the MTTTridg one Turn-round
Process differed up to 20 minutes.

» Other rules set by the airlines include the amadintirn-rounds monitored in
parallel. Here, large differences in turn-round ens were observed because
of the different policies among actors involved. dome cases, turn-round
controllers are not permitted to contact the fliginew during turn-round,
however during other observations the flight crevese contacted by phone up
to thirty times.

= Creating external reminders for monitoring: to reglthe demand on their
memory, turn-round controllers frequently createtemxal reminders for
monitoring. Several examples of this type of faailng activity were
observed, with differences existing between LTM d&itiM. During LTM,
controllers used e.g. turn-round cards or writtestes to add process
information related to the assigned flight. Remadtern-round controllers
however, use scratch pads and lists with all assigarn-rounds. A common
practice during monitoring is to take notes durimgoming calls onto
notepads. When monitoring turn-round, flight statarsincoming messages via
data link, discrepancies arise or particular serviequirements become
necessary which have to be arranged. Some of thema time critical and
notes were written onto the turn-round lists. Thisategy was particularly

observed, when the notes taken were used to heafaxt shift.

= Shifting turn-rounds: During peak hours, turn-routwhtrol does not allow
leaving working position because observed work demis very high. To
allow breaks or to react to schedule changes dueeather, turn-round
controllers can shift assigned turn-rounds to ottmmtrollers who have the

capacity to handle additional turn-rounds.

= Employ additional turn-round controllers: some ings observed have
designated personnel available during peak houswialg controllers to
maintain the same amount of turn-rounds for momigpr even during high
traffic demand. These ‘spare’ controllers can eithandle excess traffic or

turn-rounds with high monitoring demand due to @&srvice requirements.
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6.3.8 Organizing the Results in a Qualitative Cogtive Model

Given the high number of cognitive challenges idieat during turn-round
monitoring, the findings from airline control rooabservations were organized in a
qualitative cognitive model that allowed making clusions and giving
recommendations. Therefore, a model was appliethlogous to that of Vicente et al
(2004) who developed this model specifically foregiors monitoring a nuclear
power plant under normal operation. The qualitategnitive model of monitoring
can be generalized across other domains, becaube géneral types of activities and
cognitive functions used when monitoring complexaiyic systems (Vicente et al
2004). Similarities of such systems include the wasnber of interactions and the fact
that time and pace of external events determinartéital workload. While failures
during nuclear power plant monitoring may result tireats to public and
environment, failures during turn-round monitorihgs financial and inconvenience

impact only.

The model Error! Reference source not found) includes four major elements:

initiating events, cognitive activities, facilitagg activities andmonitoring activities
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Initiating Events

Data Driven Events Standard Practices | Scheduled Tasks/Activities
-System Alarms -Follow Reference Models -TOBT Assignment
-Interaction Creation -Conduct Periodic -Close Flight Plan

from Others Monitoring -Assign Delay Code

Cognitive Activities

Evaluate Input

Situation
Model

*RP1: Assess Goal
Achievement

Pursue Unexpected *Rp2: Other Duties

Check for Problems *RP3: Assess Delay Effect

Validate Initial *RP4: Assess means

*RP5: Obtain Feedback

*RP6: Assess pre-condition

Confirm Expectations

Strategies for Procedural and
Creating or Extracting| | Declarative Interface

Indication Information Knowledge

*|dentify relevant Data

*Find Data
*Establish Monitoring Priority » *Develop Monitoring Plan

* Establish Monitoring Frequency

Monitoring Activities Facilitating Activities

*Monitor Turn-round Status using Displays *Create External Descriptors

Monitor Alarms *|nitiate Interactions

*Communicate with Other Partners/Actors *Create External Reminders for Monitoring

*Monitor Aircraft Movement Data *Ignore Pop-up Alarms

*Conduct Direct Monitoring at Aircraft *Create Situational Awareness to Other

. Participants via Interaction Creation
*Review & Set TOBT P

FIGURE 28: MONITORING MODEL ANALOGOUS TO VICENTE (S OURCE: VICENTE, 2004)

First, the events were identified which trigger itotiate monitoring. The model

identifies three types of triggers that initiatemioring:
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» Data-driven eventsnot actively sought by operators, but rather prieaby
changes in the environment, e.g. alarms by theesysinteraction creation

from system or other partners/ actors.

» Standard controller practices, policies, or proceek! events in this category
are designed to ensure controllers’ periodical mowledge-driven working

practices.

» Scheduled tasks and activitidsave to be carried out during normal shifts, e.g.

close the flights after monitoring is completed.

Most of the triggers result from periodical everggy. flight movement messages,
but many triggers also relate to specific events, iacoming calls from participating
actors. Alarms automatically created through thenitodng system are not usually
used as triggers for monitoring events, becauséatheprovision of the alarm requires
an action from turn-round controller already mucérlier. Once monitoring is
initiated, it may result in a specific path of acis and coordination with other airport
partners or actors. Also, multiple initiating evembay be in effect at the same time,
requiring the controller to time-share several \aitis, especially during time-

constrained turn-round situations.

The initiating events result icognitive activitiesby the turn-round controllers.
These are formed and influenced ibjeractionswith control room interfaces/ other
personnel, oknowledgewhich is held by the respective turn-round conémwlThe
major element that drives cognitive activities hwere is the situational model
developed by the controller as an incomplete maefalesentation integrating his/her
current understanding of functional turn-round a$peand the automated control
system. Applying this situational model to turnsndumonitoring, encompasses a

number of general cognitive processes:

e Developing turn-round controller's knowledge of then-round’s physical
processes, their characteristics and interfaces;

* supports controller in developing a cause-and-efigationship for analysing
turn-round failures and participating actors’ prexédelays;

* supports controller in integrating separately reegior automatically created

data to account for all data;
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e supports controller in developing a turn-round desion that captures a
process state at a level higher than individualrgoérception;

» it allows the controllers to create a mental sirfiata of the turn-round to
anticipate future states of turn-rounds, or evauairn-round performance

under various configurations.

According to Vicente (2004), training and expereratlows operators to evolve
their inherent mental model into a somewhat idedlizZlesign and a mirror on the

actual operation. The situational model being dsednonitoring can so be adjusted.

At a higher level of description, all controllexignitive activities can be split into
Situation Assessment (SA) and Response Planning). (RPBwever, situation
assessment refers to the process of ‘constructimgex@lanation to account for
observations’ plus consequences and future systate, sand studies show that
operators actively develop a coherent understandiirtge current state. This in turn
emphasizes the need to provide reliable indicatif@mssituation assessment. Any
failure to provide essential turn-round data froartigipating actors may stall the
assessment process due to missing key indicatarsngdturn-round, controllers not
only monitor, but often proactively retrieve infaation required for situation
assessment via automated systems or interactioatiazie However, the often
constrained time available during turn-round doessallow controllers to get updates

as needed. Different types of situation assess(&&jtwere identified:

» Confirm expectations about the flight/turn-roundgress (SAl)based on the
given data, e.g. Flight Update Messages (FUMs) owvement messages,
controllers develop expectations about actual acblor off-block time. Based
on these expectations, turn-round controllers agvetrategies as a response to
the actual situation. During this arrival phasdligiht, monitoring the status of
the flight serves either to maintain the curremategy or adapt it to the actual

situation.

* Pursue unexpected situations (SA2xontroller often encounters situations that
are not expected, but response is required, eagatichange, crew change. In

these cases, the controller will actively direct niaring to identify
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complementary data that might help him better redpto the unexpected
situation.

Check for problems considered to be likely (SAI33: controller is best placed
to identify problems likely to arise during turnumd. The controller

understands that certain processes create thetijpbfen particular problems to

be solved, e.g. coordination of sequential processthin the critical chain and
needs to be vigilant. Therefore, monitoring is &y directed to indications
that can reveal the occurrence of a likely problem.

Validate initial indications (SA4)in general, control room and interface
technologies are not perfectly reliable nor do thalyways provide an
appropriate visualisation of the situation. Therefaontrollers often mistrust
received information and have to validate it byatireg interaction (e.g. phone,
ACARS, radio).

After assessment of the actual turn-round situatsoresponse is usually required.

This involves decision making on the necessarysmof action. In general, response

planning involves identifying goals, generatingalenating, and selecting response

plan that best meets the goals identified (HocQ2®ince there are only a few formal

written procedures that guide response, controllises theirown assessment of the

situation and evaluate whether the actions theytakimg can help to achieve their

goals. This may include deviation from formal prdees. Five types of

actions/monitoring were identified that supportp@sse planning (RP).

Assess goal achievement (RPtpntrollers’ actions are taken in order to
achieve their own or airline operators’ goals. Heare current procedures
within A-CDM require weighing operators’ interesagiainst ATM network
benefits. This becomes necessary since TOBT asklgnaurn-round controller
can only be updated three times after TSAT has besed by air traffic
control. Otherwise the flight being re-sequenced auy traffic control and
departure time may be delayed. Therefore, the clbetrhas to monitor the
progress towards achieving the target off-blocketieind actively monitor

indications that can support the assessment oftab
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e Other duties while on-task (RP2)urn-round control comprises variety of
situations: while some turn-rounds require onlifdiattention, others are time-
constrained (e.g. if MTTT or even less is availathie to arrival delays) and
have a high monitoring demand. During these sibnati controllers proactively
initiate interactions with other airport partners actors for duties like
information forwarding, e.g. inform ramp agents atbalirect transfer of
passengers, follow up late crew arrivals, or idgnsolutions to resource

constraints. Coordination with others is usuallyuieed during these situations.

* Assess potential delay effects of contemplatedractiRP3) a key activity of
controllers is to ensure that their activities dhdse of other airport partners
and actors do not produce a delay, or if unavoalaldl ensure that the delay
remains as short as possible. While airlines havabéshed reference models
for standard turn-round flows, controllers are offaced with events resulting
from uncontrollable variables in the environmentvariables identified late.
This requires adapting the reference turn-round fio the actual situation with
necessary assignment of IATA delay codes to actmusing the deviation from

standard procedures.

» Assess means for achieving goals (R a consequence of a turn-round
process delay, the controller needs to considethieaprocess could fail and an
alternative process would be required (e.g. aircchfange). Thus, active
monitoring is needed to support the evaluationesburce availability. Due to

the large number of actors and partners involvad,remains a difficult task.

* Obtain feedback on actions (RP%fter completion of turn-round, controller
needs to obtain feedback about how the processes caeried out (departure
time or time required for alternate courses ofaans). Feedback has usually to

be actively sought -although in some cases, actils

« Assess pre-condition for action (RP&r all sequential turn-round processes, a
certain pre-condition is necessary for the nexp stieturn-round. This requires
that the controller actively monitors status ohtwound and informs partners or

actors if problems arise at one stage. Due to tigh workload required
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therefore, response planning RP6 at some operatotres only marginally
takes place so far.

6.4 Concluding Aspects

This step of the research was aimed at focusing rolasely into such problems
of information sharing and applying focus on infation that is beneficial for TOBT
prediction and able to avoid a inaccuracy-swing@&fbf delay duration as identified
during the survey. Therefore, field observationsrevendertaken to study the
emergence of such information deficiencies. Theestigation should also identify
the different modes of turn-round monitoring andavitbis monitoring affects TOBT
prediction accuracy. Procedural differences betvaetraditional mode of turn-round
management at the aircraft and the increasinglyiexp@pproach towards remote
turn-round management in a control centre were tifigsh Moreover, different
strategies of the turn-round controller for cregtor extracting required information

were observed.

Rasmussen’s terminology was applied to classifyeous strategies of how
turn-round controllers monitor the turn-round anedict its outcome via TOBT
assignment as it could be observed at variousnairloperators’ turn-round
operations. Differences between rule-, data-, andwkedge driven turn-round
monitoring were found as well as their effect onBllQpredictability.

It was concluded that turn-rounthanagementis largely influenced by the
strategies of turn-round controllershat they apply for coordinating turn-round
processes and tlavailability of resourcesiecessary for predicting the TOBT. Turn-
roundstrategiesare not only determined by individual controlleksiowledge-, rule-,
or skill-based behaviour, but also by tm@deof turn-round monitoring that airlines
have established based on their requirements. Mereference models are used to
define the milestones of the turn-round and prodsmsss required for the overall
CDM turn-round process.

Based on the results of a cockpit survey and theemiations in various airline
operators’ control rooms, it is argued that avadadata for the controller are
insufficient to make reliable TOBT predictions: siigg inputs from participating
actors, poor monitoring capabilities, and unavdlilgb of predictive turn-round
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information results in TOBT estimates which allomlyoassessment of a TOBT rather
than reliable TOBT decision making based on facts.

It was found that little attention is placed on gogiing turn-round processes with
the effect that critical path of turn-round eveatg not sufficiently monitored and
necessary data required for updates to TOBT isanatlable when required. For the
benefit of the network however, exact TOBT assigninshould be done as early as

possible with minimum updates required.

Finally, certain pieces of information availablerr participating actors like flight
crews or ramp agents are not sufficiently takero iebnsideration for TOBT
assignment - consequently making TOBT updates sacgs

6.5 Discussion

It is questionable whether the mutual trust requifer the exchange of all
information in order to make reliable TOBT predicts is possible with the current
practice ofdelay code handlingSince the turn-round controller has to assigrdiiay
via a code to the function, whickhédhe estimates as causing the delay, actors or
operators involved at action level will not be kemm sharing data revealing their
failures. This delay code assignment proceduresiglly combined with bonus-mal
practices where actors identified as being resptsdor the delay have to expect
financial penalties (Groppe et al., 2008). Therefgroblems with service delivery
will not automatically be communicated to the twoond controller with a negative
effect on his ability to make reliable TOBT predbets (Tempelaar, 2009).
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7 TOBT PREDICTION ACCURACY EXPERIMENTS

The A-CDM concept requires that operational infatiorais shared between all
participating partners in order to establish sigfit situational awareness for
operational decision making. It has been shownegzaiiat as a part of this decision
making the Target Off-block Time TOBT is an impaité&rigger for all ATM decision
makers and CFMU for the status of the flight.

This Chapter describes the experimental designaaatysis of human-in-the-loop
simulations where the TOBT assignments for turmdsuwere compared under
different information sharing conditions. The expwnts targeted turn-round
operation situations under adverse conditions amdewaimed at evaluating the
influence of cooperative information sharing on TOPBrediction accuracy. During
three simulated turn-round scenarios the parti¢gpamere asked to monitor the
progress of 15 aircraft in parallel and determime Target-Off Block Time (TOBT)
ten minutes prior to Estimated Aircraft In-blockmie (EIBT) and five minutes after
Actual In-block Time (AIBT). While for a number durn-rounds the turn-round
controllers received simulated information fromgfit crews or ramp agent
automatically which was required for TOBT updates (cooperatiméormation
sharing); for other turn-rounds the turn-round colférs had to call an interlocutor
representing the flight crew/ramp agdayt themselvesin order to get the required

information for TOBT updates (non-cooperative imfiation sharing).

7.1 Introduction

Throughout the course of daily operations, anrarls often faced with unexpected
situations developing from adverse conditions likeather patterns or industrial
actions that may result in substantial deviation#s planned operations. As a result,
decisions often have to be made few hours bef@adttual schedule. These decisions
can have significant impact on the overall operatd the airline for the rest of the
day affecting all aspects of the airline’s openmatibut most detrimental to the hub-and
spoke schedules for basic resources such as #irtlight crews, and turn-round

equipment.

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 155



Chapter 7: TOBT Prediction Accuracy Experiments

As a consequence, turn-round controllers are cotigtdaced with operational
problems that emerge from adverse conditions liightf cancellations or changing
aircraft equipment. Turn-round times are so becgnintreasingly constrained with
aircraft arriving delayed from outstation. Oftert ewen the minimum turn-round time

is available for the turn-round.

Because each individual turn-round can have upbtsupporting processes, early
coordination of these turn-round processes with TQlpdates is required. Such
updates need to be accurate enough to provide 1 Aetwork and CFMU with
reliable TOBT predictions. Therefore, all partidipg actors have to share their
information because a single turn-round procedaréathat is not communicated can

have dramatic impact on TOBT reliability and théfeet the entire network.

Failures to update the TOBT correctly can ofterirbeed back to information that
Is not automatically available for TOBT decision kimg. Since such information is
usually obtained by distributed actors like fligbtews or ramp agents, a more
standardised form of situational awareness has docteated that encourages

cooperative information sharing by participatingoas.

During three experimental conditions the influenoé various information
availabilities and information dispositional factasn TOBT prediction accuracy was

analysed.

7.2 Aims, Objectives and Hypotheses of the Study

The over-arching objective of this research phaae derived from the previous
phases. After describing the influences on TOBTueaxy, the aim is now to capture
these influences and whether they can be measureguantified in controlled
laboratory scenarios. A number of variables weptuthed that might be relevant for
TOBT accuracy and which were assumed to have méeieon TOBT. As a result of
this study, a concept for the design and analysgieoision support functionalities for
TOBT decisions should be produced. Such concepbidased on the results of a
comparison between standardised and cooperativemation sharing between turn-
round controllers and distributed functions likéglit crews or ramp agents via
ACARS/HMI, with the currently used baseline data &mnctionalities available to the
turn-round controller today. The experimental settiwas designed to obtain
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quantitative measures of the influence of inforomatthat is cooperatively shared
between turn-round controllers and flight crewsframagents on the TOBT
assignments at two measurement points. Such apsetiould allow sharing
information in a more standardised form that creaséuational awareness and
encourages information forwarding. Therefore, tbeu§ applied for the turn-round
laboratory scenarios was set to factors relatedinformation disposition and

information accuracy that have not been investiyatfore.

Hypothesis I: Information required for TOBT updates (independeartable) which is
cooperatively shared between flight crews and totmd controller before |EIBT - 10
Minutes| increases the accuracy of TOBT, i.e. redydOBT - AOBT| (Dependent
Variable).

Hypothesis |I: Information required for TOBT updates (independeariable) which

is cooperatively shared between flight crew, rangernd and turn-round controller
before |AIBT + 5 Minutes| increases the accuracyiOBT, i.e. reduces |[TOBT -
AOBT| (Dependent Variable).

Constraints that were considered included:

* How does the level of workload influence the intéi@ans that are created
between turn-round controllers and flight crews/paagents?

e Can lack of trust between turn-round controller #ight crews/ramp agents
resulting from past experience influence TOBT deaisnaking?

* How does established working procedures of turmdocontrollers influence

TOBT decision making (See also Chapter 6)?

7.3 The Participants

The participants (N = 6) were recruited from theyvemall group of turn-round
controllers with operational A-CDM experience atfthansa Hub Control Centre at
Munich Airport. All turn-round controllers at Much airport have been performing
turn-round control for a minimum of three yearseTdge of the turn-round controllers
ranged between 35 to 52 with 2 females and 4 mialesach condition. Munich
Airport is the first airport in Europe that has egexl as an operational CDM airport

from prior trials, while other European airportsher still have trial status only or
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handle only smaller amounts of traffic. Due to tbeal environment, Munich airport
Is a representative example of adverse weatheitcamgland therefore has experience
with such operational restrictions. Participants &tained in handling more than 15

turn-rounds in parallel.
Problems realized with the selection of such piiat group include:

» Established working procedures may interfere witlewn turn-round
functionalities like the proposed experimental gesi

* Inherent refusal to use or mistrust of new fundidies perceived as a threat
to existing working practices.

* Inherent mistrust towards other participating axtidee ramp agents or flight

crews based on prior experience.

The method used was a within-participant experiadegesign that offered advantages
like:

* Intra-operator comparisons increase statisticakength by eliminating
between-subject variability.
* The rare existence of the participating group nexguifewer subjects to be

recruited.

7.4 Experimental Design

A. Concept of the Experiments:

The TOBT prediction accuracy experiments built ¢ tdesign requirements as
identified during the Cognitive Work Analysis. Withe starting point Turn-round
Control Centre, representing the A-CDM workspacelajp a concept for an
information sharing concept was created that pesid prototype of a cooperative
environment. It should be able to deliver more am@iand earlier TOBT predictions
and so avoid CTOTs being made, that cannot be lbseause the flight is not ready
for dispatch (see Chapter 1.3). While the Turn-Rb@ontrol Mock-up (TRCM)
provides decision support for TOBT decisions, thgrovements for A-CDM as
pursued by the experiments should result fromiseesed cooperation that emerges
from theway of working together. This means that informatibattis available by

stakeholders, igproactively shared with A-CDM decision makers compared to
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information that is shared via request or by aatidenly. As this is a significant
change of cooperating during daily working pracicgeuch approach might be able to
change existing working practices via creation mfasavareness where information is

available or needed and can so used to improvesidaanaking.

B. The Turn-round Scenarios:

The scenarios used for the experiment incorpornaaidflight data as recorded from
actual operation at Munich airport. First, an esttravas chosen from a daily flight
schedule of Lufthansa CityLine flights where a peeks observed and all flights
arrived delayed from outstation due to adverse kegatondition (Table 10). During
the consecutive turn-rounds of these flights, wai@vents were encountered that
resulted in additional delays of the following ootind flights. The delay causes of
these turn-round events were then given to exjrems other airports who were asked
to estimate the delay duration of various turn-tcbenentsandependenfrom the real
time duration of the turn-round data from Munichoirder to get mean values of the
turn-round delay events that should be used foldimgj the scenarios. The expert
assessment was needed to avoid variations of thg deents that should be used for

the experiments being too large or too small.

TABLE 10: DATA SET AS RECORDED FROM ACTUAL OPERATIO N (SOURCE: LUFTHANSA, 2009)

FLIGHT DEP EIBT ARR A/C REGT  STTT FLIGHT DES  EOBT
LH|5590 |ZAG |[11:30:00 | MUC | AR8 | DAVRF |00:35:00 |LH|3744 |BCN |12:05:00

LH|7200 |GOT |[11:35:00| MUC |CR9 | DACKG |00:35:00 |LH|3402 |BEG |12:10:00

LH|4100 |BRU |[11:50:00| MUC |CR9 | DACKE |00:35:00 [LH|4364 |MRS |12:25:00

LH|5432 |BRE |[11:50:00 | MUC | CR7 | DACPN |00:35:00 |LH|3084 |CPH |12:25:00

LH|4549 |BIO |[11:55:00| MUC |CR7 | DACPO |00:35:00 [LH|4700 |AMS |12:30:00

LH|5610 |FMO |11:55:00 | MUC |CR2 | DACID |00:30:00 |LH|3828 |BSL |12:25:00

LH|4861 |MAN [12:00:00 | MUC | AR8 | DAVRB |00:35:00 |LH|3314 |WAW |12:35:00

LH|4153 |NCE |[12:05:00 | MUC |CR9 | DACKA |00:35:00 |LH|3334 |KRK |[12:40:00

LH|3313 |WAW |12:05:00 | MUC | AR8 | DAVRK |00:35:00 |LH|4250 |CDG |12:40:00

LH|3083 |CPH |[12:10:00 | MUC |CR7 | DACPT |00:35:00 |LH|4916 |BHX |12:45:00

LH|3685 |GVA |[12:15:00 | MUC | AR8 | DAVRQ |00:35:00 |LH|1072 |DRS |[12:50:00

LH|3333 |KRK |[12:15:00 | MUC | AR8 | DAVRL |00:35:00 |LH|3558 |TIA 12:50:00

LH|4345 |BUD |[12:20:00 | MUC |CR2 | DACJE |00:35:00 |LH|5448 |VIE 12:55:00

LH|7564 |LHR |[12:20:00 | MUC | CR7 | DACPA |00:35:00 (LH|3698 |DUS |12:55:00

LH|8342 |BEG |[12:20:00 | MUC | AR8 | DAVRE |00:35:00 (LH|6678 |BIO |12:55:00

Matthias Groppe Influenc@sAircraft TOBT Prediction Accuracy 159



Chapter 7: TOBT Prediction Accuracy Experiments

As a next step, only the turn-round events witltenent delays were chosen that are
highly likely to be known to the pilot or ramp agevefore the flight arrives at the
parking position. Therefore, the flight crew or f@magents are able to estimate the
amount of delay caused by this event that has toetleoned with. The assumption
was that if this information had been cooperativelyared with the turn-round
controller either on flight crews’ or ramp agenisitiative (cooperative information
sharing), a more accurate TOBT prediction couldehbeen made. All turn-round

events chosen could be allocated to a specific A€y code event.

Table 11 shows measured operational delay datahtgeith the delay range in
minutes that actually occurred on from LufthanstylGne flights between March and
September 2009. The event types were used foribgiltie experimental scenarios.
Thereby it was assumed that all these turn-rouetitswere known to thiight crew
and such knowledge could be used to cooperativietyesit with the turn-round
controller. Today however, the information abouest events and the expected
duration of delay is not shared in a standardiseg. While some flight crews are
using the ACARS or some ramp agents are using thelrile phone to update the
turn-round controller about such turn-round eveatier flight crews/ ramp agents do

not forward this information.

TABLE 11: MEASURED OPERATIONAL DELAY DATA | (SOURC E: LUFTHANSA, 2009)

DELAY CODE 9 15 15 32

At in Minutes [3-15] [3-29] [3-29] [3-45]
EVENT TYPE ADD FUEL ADD PAX ADD DEBOARDING ADD BULK
Event No 1 2 3 4
Description High Fuel Load Heavy Carry on Luggageditional WCH or UMCello or other cabin bulk

increases deboarding |have to be picked up
time/ Other related PAX

DELAY CODE 15 41 18 15

At in Minutes [3-29] [2-70] [4-15] [3-29]

EVENT TYPE |ADD BOARDING ADD TEC ADD LOAD ADD DEPU

Event No 5 6 7 8

Description Pre-boarding of WCHTechnical Repair Large Amount of DAWEPU on Board
UM Baggage
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Keys
Delay Code Number according to IATA Delay Coding
At in Minutes Delay range in minutes from CLH flights between
March and September 2009
CLH Lufthansa CityLine
Event Type Nature of the delay
ADD Indicates that the problem was additional to normal
UPDD Deviation from MTTT due to Updates from Ramp
PAX Passenger
WCH Wheel Chair
UM Unaccompanied Minor
TEC Technical Issues
DAA Delivery at Aircraft
DEPU Deported Passenger

Table 12 shows measured operational delay datahtgeith the delay range in
minutes that also occurred on these flights withnés that were assumed to be known
to the ramp agent These event types were additionally used fordmg the
experimental scenarios and could be used for catiperinformation sharing initiated

by the ramp agent:

TABLE 12: MEASURED OPERATIONAL DELAY DATA Il (SOURC E: LUFTHANSA, 2009)

DELAY CODE 39 35,36,37 32 33,34
At in Minutes [5-34] [3-41] [3-45] [3-21]
EVENT TYPE [UPDD TEC UPDD SERVICES UPDD LOAD UPDD PERSONNEL
Event No 10 11 12 13
Description Ground Crew updateService needs Loading takes Missing personnel results in
about changes of  |longer/shorter than longer/shorter than |delayed turn-round service
unavailable services |expected scheduled
(Parking, Air Starter,
Bridge...)

Thereafter, the turn-round events were distribwidtin the turn-rounds of table 10

and used for the different experimental scenarios.

B. The Independent Variables: Different Information Sharing Conditions

Three different information sharing conditions €1, and C2, used as independent

variables were embedded within three experimertahaios A, B, and C. In this
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way, different information was available to thentwound controller during each
monitored turn-round:

» Condition CO or Baseline Informatioras the way of information sharing today:
During condition O turn-round scenarios, the tusasd controller was able to
use information required for TOBT updates which wesvided via incoming
telephone calls and/or by making self-initiatecepélone calls with the ramp
agent or flight crew in order to get the requiretbrmation.

e Condition C I includedCooperative Information from Flight creshared with
the Turn-round Controller via ACARS:

During condition C | turn-round scenarios, the effen TOBT prediction
accuracy was identified which resulted from fliglew-induced information
sharing between aircrews and turn-round contrddefore the first TOBT
assignment. The turn-round controller was theredalditionally provided with
information from cockpit via simulated ACARS messgsg containing

information required for TOBT updates.

* Condition C Il included Cooperative Information from flight creamd ramp

agent shared with the turn-round controller via AARAand HMI:

During condition C Il turn-round scenarios, theeeff on TOBT prediction
accuracy was identified which resulted from flightew and ramp agent
induced information sharing between aircrews/rangen& and turn-round
controller before second TOBT assignment. The tatmd controller was
therefore provided with information from cockpitavisimulated ACARS
messages and information from ramp agent via stedladMI messages
containing information required for TOBT updates.

C. The Experimental Scenarios A, B and C:

The sample group included six turn-round contrslligrat participated in all three
experimental scenarios A, B, and C. Each settimfuded 15 turn-rounds with
different information sharing conditions (15 tuunds represent one
experimental scenario A, B, or C). All scenariosluled a similar amount of such

information inputs that had an effect on the doraf the turn-round (5- 6 inputs
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per turn-round).All scenarios included also a samimount of information that
did not have an effect on the duration of the ttaund (1-2 inputs per turn-round).
Randomisation between scenarios was done with ain-Equare
design.Additionally, each of the experimental scesaincluded 100 incoming
pre-recorded telephone calls from participatingoesctlike flight crews, ramp
agents, or airport.

A one-factorial design type of experiment with #hreformation conditions as
independent variables and TOBT prediction accuescgependent variable (Two
dependent variables as timely scheduled TOBT plieds).

The three information sharing conditions (CO/CljGllere embedded in the three
experimental scenarios (A/B/C) with sharing the dibons between the turn-
round scenarios as equally distributed as possibhereby, the experimental
scenarios A/B/C had a similar structure. A totatléfdifferent turn-rounds based
on the conditions CO, CI, and CIl were used frotualcrecorded operations of the
Lufthansa CityLine flights. They were randomly distited within the
experimental scenarios A, B, and C in order toimise the order effect.

A total of 15 turn-round delay sets were built frdrable 11 and Table 12, each
represented by a number. The delay sets were rdpdistributed within the turn-

rounds in order to minimize the order effect.

The following tables (Table 13- 15) show detailefbrmation about the experimental

scenarios A, B, and C:

While the first column shows the turn-round numbed the second number (in
brackets) indicates the turn-round delay event rermtiat was used for the turn-
round, the second column shows the different infdiom sharing conditions that
were used in the turn-round.

The third column has the flight number that was ctinged during the different
experimental scenarios and the last three colurhosy gshe information that is

available to the flight crew or ramp agent. If gl is highlighted in yellow, this

information was cooperatively shared between fligliew and turn-round

controller, respectively between flight crew, raagent and turn-round controller.
The white cells indicate that only baseline infotima was available to the turn-

round controller and represents the informatiorrisgaas it is established today.
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The content of these cells gives the cause of dalalogous the measured
operational data in Tables 11 and 12. The timecatds the duration of the
average delay in minutes that has been validateatidosMESs from other airports,
independent from the measured operational data.

The cells highlighted in vyellow indicate cooperativinformation sharing

conditions (C1/C2), while the white cells indicdtat only baseline information

(C0) was available to the turn-round controller:
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TABLE 13: TURN-ROUND EXPERIMENTAL SCENARIO A: DELAY EVENTS

TR/ INBOUND OUTBOUND
SET CONDT. FLIGHT INFORMATION AVAILABLE FROM FLIGHT CREW (ACARS) FLIGHT INFORMATION AVAILABLE FROM RAMP AGENT (HMI)
At & LH 5590 UM De-boarding Musical DAA De- LH 3744 Late Fuelling WCH De- Late Loading
(14) ZAG +4 Minutes Instrument loading BCN +3 Minutes boarding Personnel
2(10) @ LH 7200 Crew Change Carry-on Lug Cabin Baggage LH 3402 Security WCH Pick up React. Fuelling
GOT +5 Minutes +3 Minutes +3 Minutes BEG +1 Minutes Delay +7 Minutes
3 @ LH 4100 De-boarding High Fuelling Tec (Oven) LH 4364 De-boarding Amount Spec. Cleaning
BRU WCH +3 (No ADD) +12 Minutes MRS delay Luggage +5 Minutes
40 @ LH 5432 De-boarding De-loading LH 3084 Loading Heavy Luggage Air Starter
BRE WCH +4 Minutes CPH Personnel +3 Minutes Delay
5 0 LH 4549 De-boarding Tec(TIRE) [ LH 4700 Reactionary De-boarding Loading
BIO +5 (NO ADD) +49 AMS Ramp Agent +3 (NO ADD) +2 (NO ADD)
6(4) @l LH 5610 Flight crew De-boarding | LH 3828 Cleaning Delay Conveyor INOP Late Loading
FMO Request WCH BSL +1 Minutes +26 Minutes Personnel
(9 & LH 4861 DAA De-loading De-boarding Musical LH 3314 Late WCH Late Crew No Loading
(13) MAN +5 Minutes WCH Instrument WAW Pickup +6 Minutes Person
g @ LH 4153 Crew Change DAA De-Loading De- De- LH 3334 No Loading No Pick up for No Push-Back
NCE +5 Minutes +4 Minutes boarding KRK Personnel DEPU +2 Minutes
9 @ LH 3313 Extra Fuelling De-boarding Tec (NAV) LH 4250 Late Fuelling De-boarding Late Loading
WAW +3 (NO ADD) +5 (NO ADD) +12 Minutes CDG +5 (NO ADD) WCH Personnel
10(7) @ LH 3083 De-boarding UM Musical DAA De- LH 4916 Loading Time Late Catering No Cleaning
CPH +2 Minutes Instrument loading BHX +2 Minutes +9 Minutes Personnel
11 0 LH 3685 De-boarding Tec(COmP.) | LH 1072 Late Technician Tec Repair React PAX Bus
GVA WCH +39 Minutes DRS +7 Minutes +3 Minutes +2 Minutes
12(6) @l LH 3333 Cabin Luggage De-boarding Refuelling LH 3558 Late Crew Fuelling Block WCH Pick-up
KRK +5 Minutes DEPU +3 Minutes TIA +23 Minutes +2 (NO ADD) Delay
13 o) LH 4345 Carry-on Baggage De-boarding Refuelling LH 5448 No Air Starter Crew Change Reaction Push
(12) BUD +3 Minutes DEPU +3 Minutes VIE +23 Minutes +2 Minutes B
14(1) & LH 7564 De-boarding Tec. (TIRE) LH 3698 No Loading No DEPU Pick No Push back
LHR WCH +38 Minutes DUS Personnel up +2 Minutes
15 & LH 8342 Carry On Luggage De-boarding Refuelling LH 6678 Late Cleaning Conveyor INOP No Loading
(15) BEG +3 Minutes DEPU +3 Minutes BIO +4 Minutes +6 Minutes Person

TABLE 14: TURN-ROUND EXPERIMENTAL SCENARIO B: DELAY EVENTS

TR INBOUND OUBOUND
/ CONDT. INFORMATION AVAILABLE FROM FLIGHT CREW (ACARS) INFORMATION AVAILABLE FROM RAMP AGENT (HMI)
SET FLIGHT FLIGHT
1 0 LH 5590 De-boarding WCH Tec. (TIRE) . LH 3744 No Loading P No DEPU BGS No Push back
ZAG +6 (NO ADD) +38 Minutes BCN +4 Minutes +3 Minutes +2 Minutes
2 0 LH 7200 De-boarding WCH De-loading . LH 3402 Loading Heavy Luggage Air Starter Delay
GOT +7 Minutes +4 Minutes BEG Personnel +3 Minutes +2 Minutes
3(11) a1 LH 4100 De-boarding WCH Tec (COMP.) o LH 4364 Late Technician Tec Repair React PAX Bus
BRU +12 (NO ADD) +39 Minutes MRS +7 Minutes +3 Minutes +2 Minutes
4(9) a LH 5432 Extra Fuelling De-boarding Tec (NAV) LH 3084 Late Fuelling De-boarding Late Load
BRE +3 (NO ADD) +5 (NO ADD) +12 Minutes CPH +5 (NO ADD) WCH Personnel
5(3) @ LH 4549 De-boarding WCH High Fuelling Tec (Oven) LH 4700 De-boarding Amount Spec. Cleaning
BIO +5 Minutes +3 (No ADD) +12 Minutes AMS delay Luggage +5 Minutes
6 o LH 5610 Cabin Luggage De-boarding Refuelling LH 3828 Late Crew Fuelling Block WCH Pick-up
FMO +5 Minutes DEPU +3 Minutes BSL +23 Minutes +2 (NO ADD) Delay
7(7) c1 LH 4861 De-boarding UM Musical DAA De-loading LH 3314 Loading Time No Flight No Cleaning
MAN +2 Minutes Instrument +4 Minutes WAW +2 Minutes Documents Personnel
8(10) 1 LH 4153 Crew Change Carry-on Lug Cabin Bag LH 3334 Security Check WCH Pick up React. Fuelling
NCE +5 Minutes +3 Minutes +3 Minutes KRK +1 Minutes Delay +7 Minutes
9(a) & LH 3313 Flight crew De-boarding LH 4250 Cleaning Del Conveyor INOP Late Loading
WAW Request WCH CDG +1 Minutes +26 Minutes Personnel
10(5) a1 LH 3083 De-boarding Tec(TIRE) | LH 4916 Reactionary De-boarding Loading
CPH +5 (NO ADD) +49 Minutes BHX Ramp Agent +3 (NO ADD) +2 (NO ADD)
11 @ LH 3685 DAA De-loading De-boarding Musical LH 1072 Late WCH Pick- Late Crew No Loading
(13) GVA +5 Minutes WCH Instrument DRS up +6 Minutes Personnel
12 o LH 3333 Carry on De-boarding Refuelling LH 3558 No Air Starter Reactionary Reaction Push B
KRK +3 Minutes DEPU +3 Minutes TIA +23 Minutes Ramp Agent +5 Minutes
13(8) a LH 4345 Crew Change DAA De- De-boarding LH 5448 No Load. No BGS DEPU No Push-Back
BUD +5 Minutes Loading DEPU VIE Person +3 Minutes +2 Minutes
14 0 LH 7564 UM De-boarding Musical DAA De-loading LH 3698 Late Fuelling WCH De- Late Loading
LHR +4 Minutes Instrument +4 Minutes DUS +3 Minutes boarding Personnel
15 0 LH 8342 Carry On Luggage De-boarding Refuelling LH 6678 Late Cleaning Conveyor INOP No Loading
BEG +3 Minutes DEPU +3 Minutes BIO +4 Minutes +6 Minutes Person
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TABLE 15: TURN-ROUND EXPERIMENTAL SCENARIO C: DELAY EVENTS

TR, INBOUND OUBOUND
/ CONDT. INFORMATION AVAILABLE FROM FLIGHT CREW (ACARS) INFORMATION AVAILABLE FROM RAMP AGENT (HMI)
SET FLIGHT FLIGHT
1(15) c1 LH 5590 Heavy Carry On De boarding of Refuelling LH 3744 Late Cleaning Conveyor INOP No Loading Person
ZAG Luggage DEPU +3 Minutes BCN +4 Minutes +6 Minutes +3 Minutes
203) a LH 7200 De-boarding WCH High Fuelling Tec (Oven) LH 3402 De-boarding Amount Spec. Cleaning
GOT +5 Minutes +3 (No ADD) +12 Minutes BEG delay Loading +5 Minutes
3(8) @ LH 4100 Crew Change DAA De- De-boarding LH 4364 No Load. No Pick up for No Push-Back
BRU +5 Minutes Loading DEPU MRS Person DEPU +2 Minutes
a @ LH 5432 Flight crew De-boarding LH 3084 Cleaning Del Conveyor INOP Late Loading
BRE Request WCH CPH +1 Minutes +26 Minutes Personnel
5(12) c1 LH 4549 Carry on De-boarding Refuelling LH 4700 No Air Starter Crew Change Reaction Push B
BIO +3 Minutes DEPU +3 Minutes AMS +23 Minutes +2 Minutes +5 Minutes
6(5) o LH 5610 De-boarding Tec(TIRE) | LH 3828 Reactionary De-boarding Loading
FMO +5 (NO ADD) +49 BSL Ramp Agent +3 (NO ADD) +2 (NO ADD)
. @ LH 4861 De-boarding UM Musical DAA De-loading LH 3314 Loading Time No Catering No Cleaning
MAN +2 Minutes Instrument +4 Minutes WAW +2 Minutes +9 Minutes Personnel
8 (11) @ LH 4153 De-boarding WCH Tec (COMP.) o LH 3334 Late Technician Tec Repair React PAX Bus
NCE +12 (NO ADD) +39 Minutes KRK +7 Minutes +3 Minutes +2 Minutes
9(2) - LH 3313 De-boarding De-loading N LH 4250 Loading Heavy Luggage Air Starter Delay
WAW (WCH) +4 Minutes CDG Personnel +3 Minutes +2 Minutes
10 o LH 3083 Crew Change Carry-on Lug Cabin Bag LH 4916 Security Check WCH Pick up React. Fuelling
CPH +5 Minutes +3 Minutes +3 Minutes BHX +1 Minutes Delay +7 Minutes
11(6) o LH 3685 Cabin Luggage De-boarding Refuelling LH 1072 Late Crew Fuelling Block W(CH Pick-up Delay
GVA +5 Minutes DEPU +3 Minutes DRS +23 Minutes +2 (NO ADD) +5 (NO ADD)
12(9) @ LH 3333 Extra Fuelling De-boarding Technical LH 3558 Late Fuelling De boarding Late Load Personnel
KRK +3 (NO ADD) +5 (NO ADD) (NAV) TIA +5 (NO ADD) WCH +2 Minutes
LH 4345 DAA De-Loading De-boarding Musical LH 5448 Late WCH Pick Late Crew No Loading
2 & BUD +5 Minutes WCH Instrument VIE up +6 Minutes Personnel
14(1) @ LH 7564 De-boarding WCH Tec. (TIRE) . LH 3698 No Loading P No DEPU BGS No Push back
LHR +6 (NO ADD) +38 Minutes DUS +4 Minutes +3 Minutes +2 Minutes
15 - LH 8342 UM De-boarding Musical DAA De-loading LH 6678 Late Fuelling WCH De Late Loading
(14) BEG +4 Minutes Instrument +4 Minutes BIO +3 Minutes boarding Personnel

D. Experimental Setting Overview

Experimental Design: Figure 29 illustrates the dael structure of the
experiments. Aircraft pilots were participating smerlocutors for the turn-round
controllers and were placed in a separate roomy Were advised to take either the
role of the flight crew or ramp agent, dependingtlom kind of contact that the turn-

round controller requested from the interlocutor.

Counterbalancing: Figure 29 also illustrates hoe élxperimental scenarios were
counterbalanced. A Latin-square design was usembmtrol this effect as well as a
switch between the different conditions throughthg experiments. The design was
counterbalanced for 3 pairs of scenarios with al it 18 pairs of scenarios.
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Separate Room with Pilots/Ramp Agents

Pilots as interlocutors for the
turn-round controllers could take

therole of a pilot or ramp agent

Interlocutor for Particiapant 1
Interlocutor for Particiapant 2
Interlocutor for Particiapant 3
Interlocutor for Particiapant 4
Interlocutor for Particiapant 5

Interlocutor for Particiapant 6

Turn-round Controller 1

Setting A: 5x C0/4x C1/6x C2
Setting B: 6x CO/6x C1/ 3x C2

Turn-round Controller 2

Setting A: 5x C0/4x C1/6x C2
Setting B: 6x CO/6x C1/ 3x C2

Setting C: 4x CO/ 5x C1/ 6x C2

Setting C: 4x CO/ 5x C1/ 6x C2

Turn-round Controller 3

Setting B: 6x CO/6x C1/ 3x C2
Setting C: 4x CO/ 5x C1/ 6x C2
Setting A: 5x C0/4x C1/6x C2

Turn-round Controller 4

Setting B: 6x C0/6x C1/ 3x C2
Setting C: 4x CO/ 5x C1/ 6x C2
Setting A: 5x C0/4x C1/6x C2

Turn-round Controller 5

Setting C: 4x CO/ 5x C1/ 6x C2

Turn-round Controller 6

Setting C: 4x CO/ 5x C1/ 6x C2

Setting A: 5x C0/4x C1/6x C2
Setting B: 6x C0/6x C1/ 3x C2

Setting A: 5x C0/4x C1/6x C2
Setting B: 6x CO/6x C1/ 3x C2

FIGURE 29: FACTORIAL STRUCTURE AND LATIN SQUARE DES IGN

E. Measurement Points

Measurement Point I

As part of the underlying aim of getting earlierdamore accurate TOBT
predictions, the first measurement point was rest@ a time representing Milestone
5 of the A-CDM information-sharing concept. Thisirdorepresents the inbound
aircraft at the final approach and TOBT predicti@me currently only available via
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automated calculation of the remaining flight tiplas EXIT and MTTT. On average,

this milestone is ten minutes prior to AOBT anddinfeviations between Milestone 5
and Milestone 7 (AIBT) are relatively infrequenhi3 does not apply at airports with

parallel runways because waiting times may havédoexpected on the second
runway due to arriving aircraft. However, for theperiments, an adherence to the
predefined variable taxi time was assumed. Theeefblilestone 5 is proposed as a
first predictable TOBT to be assigned by the twuand controller and also used as the

first measurement point during the experiments.

Measurement Point Il:

The second measurement point was also determin@gty ube underlying
assumption that the majority of unpredictable ewedtring turn-round can be
captured by the ramp agent during the phase betw#eh and five minutes after
AIBT. This presumes that all turn-round serviceviulers cooperatively share updates
to their estimated service delivery time with thentround controller between
Milestone 5 and Milestone 8. Upon arrival of thiglit at the parking position, the
ramp agent captures the remaining irregularitiess farwards these to the turn-round
controller. During the experiments, this procedwes simulated via a HMI message
sent by the ramp agent. The second measurement fwoinfOBT updates was
therefore chosen at AIBT plus five minutes.

At both Measurement Points, the turn-round corgrslhad to insert their predicted
TOBT into a spread sheet. These TOBTs had to erdated by (1) using their prior
experience with turn-round control, (2) the possidlipport from the proposed TOBT
of the TRCM and (3) the information received videpdone. It would have been
possible that the turn-round controller uses ohly TOBTSs that are proposed by the
TRCM, because GUI Il and TOBT on GUI | were autocaly updated with
information inserted by the controller. In this edke results of the experiments would
have been compromised by the fact that in one tiondthe controller accepts a
machine-generated proposal that would have beeflalbla to him, hence the
experiments would have reproduced the accuracy hef machine generated

predictions. However, it has been shown that inyanl12% of all turn-rounds the
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turn-round controller inserted exactly the time; [+l minute] as proposed by the
TRCM.

7.5 Experimental Apparatus

A. The Turn-round Control Work Station and the Turn -round Control Mock-up

TRCM:

The experimental apparatus as well as the simulaadtware were specifically

developed for these experiments. The aim therels/tavaeduce the functionality of

the turn-round control system that is used durilmy-tb-day operation as far as

possible down to the basic functions that are reguto allow a control of the

variables relevant for the study. The equipmenviplied included:

A Turn-round Control Mock-up TRCM as a basic fuocal station of the turn-
rounds’ controllers working position having two @ynical Graphical User
Interfaces (GUI). The first GUI showed all flightepresented by rectangular
symbols during the period of an experimental sgitifhe flights were moving
horizontally from the inbound phase of the flighttil reaching the turn-round
phase and the outbound phase of the flight. Thelaimon started 15 minutes prior
to Estimated In-block Time EIBT and lasted untiethast flight reaches its’
outbound phase (AIBT + 10 minutes). The second @allld be accessed by
clicking on each flight symbol, showing the criligath of turn-round events of
the flight together with the related turn-round gess times and process
completion times including the turn-round completiime in form of a TOBT.
Only one screen was available to display both GUiIsn-round updates to each
of the turn-round processes could be insertedardefined column resulting in an
automated calculation of a TOBT update.

A telephone with short-dial function to reach theerlocutor.

A headset for receiving the incoming pre-recorageghone calls.

A spreadsheet with the turn-round experimentalirgethaving two columns to
insert the TOBT updates at the pre-defined timdBTE- 10 minutes; AIBT + 5

Minutes).
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N
D
N A
\ N il Turn-Round Control \
All Turn-rourjds —
Scheduled %\ MOCkUp
Experimental Setting

Symbol ‘ Count ‘ Description

1 Participant
Telephone for
& 2
Interlocutor
D 1 GUI 172
s 1 Pre-recorded

Phone Calls

FIGURE 30: THE EXPERIMENTAL TURN-ROUND CONTROL MOCK -UP

B. Requirements for the Simulation Software:

The software used was also specially developedh®rexperiments, because the

following conditions should be met:

» The experimental environment should be comprehengdsr an experienced
turn-round controller.

e It should not duplicate turn-round controllers wiatkenvironment exactly, but
have the functionalities required for analysing thariables of concern.
Therefore, the environment should not be too realis order to alleviate turn-
round controllers’ resistance to something theg@ge as competing with their
current working environment.

* The experimental environment should allow for mgkihOBT predictions

based on available data.

Since no other system exists that provides theseirsgments, a Turn-round
Control Mock-up (TRCM) was specially developed fbrs purpose with a set of
design criteria for the software.
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C. Development of a Software Application for the T-round Control Mock-up:

Before the experiments, a project was initiatedegirat developing a software tool
that is able to support the experimental TRCM wil®@BT predictions based on
information or data provided to the system. BeOmaenbBurg GmbH, a company with
more than ten years experience in airport managearm&hprocess design was asked
to develop the required software application fore tiTRCM. The required

specifications were outlined as follows:

Software Specifications:
« The software consists of two GUIs.
+ The first GUI application looks like the picturesjlbelow (Figure 31).

B j e ¥ (ETE=

File Controls Help
ﬂ EIBT-10 AIBT AIBT+5 Velocity: 0x 12:09:21

N ToN

FIGURE 31: GUI | SPECIFICATION FOR THE TRCM

Depicted aircraft can be divided in four differeategories:
» approaching aircraforange);
e delayed aircraft during approach or turn-ro(ftashing red);

e aircraft during turn-round proceésint); and
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» departed aircrafiplue).
Any aircraft encountering a EIBT deviation greatar equal 3 minutes starts
flashing. The turn-round controller can confirmstiéng aircraft by mouse click;
thereafter the flashing stops.The maximum numbeirofaft that can be depicted
is 15. Aircraft are depicted as moving bars witloleing information directly
available:

e flight number;

» departure and arrival airports according to IATAles;

e SIBT (Scheduled In-block time);

e MTTT (Minimum Turn-round Time).

» TOBT (Target Off-Block Time); and

» EIBT (Estimated In-Block Time).
Arriving aircraft automatically appear on the sere@proximately 15 minutes
before EIBT according to the flight plan or acttight status. When the aircraft
has completed the turn-round, the turn-round cdietroan shade the aircraft after
sending a movement message.
The TOBT is calculated automatically using MTTT t lman be updated at any
time by inserting relevant values into GUI 2. Thieldhe line (the thick red dashed
line in Figure 31) describes the time of the bemigrof the turnaround process
and is named AIBT (Actual In-Block Time).
To support the experiments, two time stamps wefieett and depicted in the GUI
application: EIBT-10; AIBT; AIBT +5. The left lin€left red line in Figure 31)
describes the time stamp used as Measurement P@tR ) 10 minutes before
the beginning of the turnaround process and isllEb&IBT -10 (Estimated In-
block Time -10). The right line (right red line Figure 31) describes the time
stamp used as Measurement Point Il (MP II) 5 mmuatiger the beginning of the
turnaround process and is labelled AIBT +5 Min (#&dt In-block Time + 5
Minutes). Each aircraft are inserted into the satiah 15 minutes before EIBT
and stay until the simulation ends, but TOBT upsla® only possible until AIBT
+ 5 Min.
The second GUI application can be activated biclgzcon an aircraft being in the

1st main GUI as depicted in Figure 32. It showdwatharound processes that the
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aircraft is passing through. The 2nd GUI applicatiooks like the picture below

(Figure 32):
e — i = 3 ]
I
TSDTTOBT CONTROL
[FLIGHT INB JLH4549 [sieT J11:55 | THRAS 00:35 soBT J12:30 JACTUAL DELAY Io |
[FLIGHT 0BT JLra700 BT hz.06 [stir 00:35 0BT J1z:a1 [ESTIMATED DELAY Io |
i 00:35
CRITICAL PATH PREDICTION SSDT | TSDT | DURATION | CHANGES | CODE | SSCT | TSCT | STATUS _| TOBT
1| Parking Position 12:08 12:06 0 0 12:08[12:08 -ini I -
2| Marshalling (manual or automatic) 12:06 12:06 0| 0 12:06112:06 | Finished
3] Equippment (GPU, ACU, Baggage Vehicles) 12.08 12.08 0 0 12.08/12.06 | Finished
4| Flight Documents 12:06 12:06 1 0| 12:0712:07 | Finished
5| Deliver at Aircraft (DAA) / Carry-on Luggage 12:08 12:06 2 0] 12:08112.08 | Finished ™|
6| Passenger Bus/Stairs/Bridge 12:06 12:06 1 0 12:07112:07 | Finished
7| Passenger Deboarding/Cabin Baggage 12:08 12:08 10| 0 12:18]12:18 Started
8| Special De-Boarding (e.g. WCH, VIP) 12:18 12:18 0 0 12:18/12:18 Planned
9| Crew Change | (Cabin or Cockpit) 12:18 12:18 0 0] 12:18/112:18 Planned
10| Cleaning 12:18 12:18 B 0 12:24/12:24 Planned
11| Catering 12:18 12:18) [§ 0 12:24/12:24 Planned
12| Fuelling 12:18 12:18 5 0] 12:24[12:24 Planned
13| Maintenance 12:18 12:18 0 0| 12:18/12:18 Planned
14| Special Service/Other (e.g Exitra Calering) 12:18 12:18 0 0 12:18/12:18 Planned
15| Cabin Security Check 12:24 12:24 2 ) 12:26/12:26 Planned
16| Crew Change Il (Cabin or Cockpit) 12:28 12:26 0 0 12.26/12:28 Planned
17| Special Boarding (e.g. WCH, VIP) 12:26 12:26 0 0 12:26/12:26 Planned
18| Passenger Boarding/Cabin Baggage 12:26 1226 1 0 12:37112:37 Planned
19| Baggage/Cargo/DAA/Load 12:18 12:18 0 0 12:18/12:18 Planned
20| Loadsheet/Documents/Last Passenger 12:37 12:37 0 0] 12:37112:37 Planned
21| Closing All Doors 12:37 12:37 1 0] 12:3812:38 Planned
22| Remove Equipment 12:38 12:38 2 0| 12:40/12:40 Planned
23| Push Back 12:40 12:40] 1 0 12:41)12:41 Planned
24| Engine Start 12:40 12:40] 0 0 12:40012:40 | Planned
| 7 Info | ‘ < New Process ‘ | @ close ‘

FIGURE 32: GUI Il SPECIFICATION FOR THE TRCM

Each aircraft runs through different turnaroundcesses (see the left column). The

alternating solid and light pink colour indicatdse tnext step in the critical path of

turn-round processes while all processes eitheolid or light pink that are in the

same sequence can take place at the same timesaEbrturnaround process, the

following information is depicted in a separateuwnoh:

« Scheduled starting and finishing times normal doratvith regard to MTTT,;

« Process Deviation time (Changes), Scheduled Sebatigery Time (SSDT) and
Scheduled Service Completion Time (SSCT);

« Time elapsed with defined TOBT + predicted deviafiom SSDT,;

Target Service Delivery Times (TSDT) that can besemed by turn-round

controller and automatically updates the TOBT inIGlL) the Target Service

Completion Time (TSCT) will be calculated automaliig by using the Duration

Time in column 1.
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STATUS: Each turn-round process is coloured depgndn process status. There
are four turn-round process states (see statusoalu Figure 32):
o Planned;
o Confirmed;
o Started; and
o Finished.
TSDT updates by turn-round controller automaticaliyft the start and completion
times of the other turn-round processes withindhical path with the ‘end- result’
being an updated TOBT on GUI 1.Appropriately addstTOBT is calculated
automatically and GUI 1 is updated automaticallyvali by showing the new TOBT.
The number of processes are defined analogousetarihical path of turn-round
events (see Chapter 4.4), but can be adjustedebgpbrator. If a delay arises within
the critical path, a TOBT deviation is predictediradicated in red and the subsequent
critical processes within the chain change thelowoin order to indicate that an
additional confirmation by the service provider abthe TSDT/TSCT is required.
The last column TOBT gives an indicatibow the entries under ‘Changes’ affect the
TOBT, e.g. processes which take place in paraleltie critical path do not
necessarily change the TOBT. This is seen as anigispart of the decision support
functionality of the TRCM.
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7.6 Method
A. Pre-Trials

Experimental trials were executed three weeks befloe main experiments as a
dry-run for the experimental set-up and scenafit® aim was also to evaluate the

following factors:

* To simulate the day-to-day workload of the turnadwontroller as closely as
possible.

* The number of incoming telephone calls represdm@average number of calls
during peak hours (approximately 100 incoming cadis hour).

 The number of turn-rounds represents an averagebewumf turn-rounds
during peak hours (approximately 15 turn-roundgarallel).

* Any specific information from ramp agent or fligtrew that is not included in
the experiments but should be added, because é@ssential for TOBT
prediction.

 The experimental set-up can be used and undersafted a 40 minute
introduction, followed by 20-minute individual tesgy of the TRCM by the

participants.

After the trials with two turn-round controllersyrae fundamental changes had to
be made that reflected turn-round controllers’ pption of the TRCM. Major
resistance to the TRCM from turn-round controlles observed against the TRCM
because they viewed this tool as a replacementther established working
procedures rather than as a mock-up designed éosdke of the experiments alone.
To counteract this resistance, statements and ppw@iet slides were used during the
introduction of the main experiments to stresstREM’s function as an aid to TOBT

decision making.

Some minor refinements to the wording in the ACARSI messages were also
made. The content was adapted to the wordinp@GtI| based on trial participants’
input in order to better identify the cell whereetbhange has to be inserted. Other

minor changes also included changes to the Gldistfie letters were too small).
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B. Distribution of Instructions and Experiment Run

The duration of the experiments was settled forwaeking day and took place in
a room having all backup functionalities of thenskard turn-round control room.
After the participants took their seats in one die tthree rows with the
workstation/TRCM, the instructions for the expermhevere given that had already
been made available to the participants for homaystA 40-minutes introduction was
given to the participants on how to use the wotl®td&rRCM and how to perform
turn-round control using the telephone, pre-recoramssages, and the TRCM. The
instructions were also available in printed formowéver, the real objectives of the
study were undisclosed to the participants. Thisoduction was followed by a 20-

minute individual testing of the TRCM functionadifi.

Airline pilots, employed as interlocutors for tharficipants, had also received the
instructions of their tasks two weeks before thpeexnents in order to have time
available for home study. A separate 20-minute fioge before the start of the
experiments was provided to the flight crews aslvasl a printed form of the

instructions.
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Instructions for the participants:

The following list (Figure 33) shows the instruct®oand guidelines that were

available to the participants before the study:

INSTRUCTIONS FOR THE PARTICIPANTS

e Three experimental scenarios, each lasting for iftes are proposed that consist of 15
incoming flights with subsequent turn-rounds.

« All flights arrive delayed from outstation due tdvarse weather in Munich.

» During each turn-round a number of events occurttage an effect on the length of the
turn-round. A number of events arrive via simula#g&ARS/HMI messages on the turn-
round control Mock-up, other event information weerivia telephone calls or have to be
asked from the flight crew/ramp agent.

» Each of the event information that arrives via ACRRMI requires a TOBT update by the
participant, if ADD TIME is indicated; no updateNfO ADD TIME is shown.

e The turn-round control Mock-up as well as the infation given does not replace the day-
to-day environment by 1:1. Therefore, the inconiirfgrmation has to be evaluated by using
own experience with turn-round control.

* Two times during each turn-round you will be askedetermine the TOBT for a subsequéent
departure. Please directly insert this TOBT indheeadsheet on your Table.

« Additionally you will receive a number of telephoca&ls and ACARS messages that do npt
require a TOBT update. You can either take thediedictly or delay it. The call will then be
repeated one minute later. Information from telaghoalls or other arriving information
should support getting the required situationalrawass about the turn-round status.

» After the experimental setting is completed you véiteive a message: ‘End of

Experimental Setting - Many thanks for your paptéation’

FIGURE 33: INSTRUCTIONS FOR THE PARTICIPANTS
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Instructions for the interlocutors:

The following list (Figure 34) shows the instruct®oand guidelines that were

available to the interlocutors before the studylyGairline flight crews were used as

interlocutors because they are familiar with thenttound procedures of airlines. All

flight crews had a minimum experience of three yeer airline flight crew:

INSTRUCTIONS FOR THE INTERLOCUTORS

General

The participants (turn-round controllers) receiveé experimental scenarios, each havin
the duration of 55 minutes.

Each experimental setting consists of 15 incomiights with subsequent turn-rounds.

All flights arrive delayed so that the participantay want to keep the turn-round time shg
During each turn-round a number of events occurtthae an effect on the duration of the
turn-round.

While some events are shared with the participaatsimulated ACARS/HMI messages
from cockpit/ramp agent (cooperative informatioarihg), other events are only available
the participant, if he calls the flight crew/ramgeat for the flight/turn-round of concern
(baseline information sharing).

Each of the event information that arrives viaraudated ACARS/HMI requires a TOBT
update by the participant, if ADD TIME is indicatet update if NO ADD TIME is shown.

Confidential

The baseline information that is handed over tdltgbt crews before the start of the
experiments also includes TOBT update proposalsiwiie only given to the
interlocutors/flight crews.

These update proposals are necessary to make T@#Bictons that are required for the
TOBT accuracy pursued.

The flight crews should play the role of the fligiiew/ramp agent and forward the event
information to the participant, only if he partiaipt calls and asks for turn-round status.

Each of the information given to the participards ko be noted in the adjacent column.

FIGURE 34: INSTRUCTIONS FOR THE FLIGHT CREWS
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Examples of Cooperative Information:

Figure 35 shows an example of an ACARS messagewhat provided to the
participants for condition C1 and required TOBT aijas to be inserted into GUI 2:
e =

in \ ACARS No 18 DATA LINK MESSAGE FROM FLIGHT LH 5530 / SENT BY
' PILOT
~ EXTRA DE-BOARDING: 3x UM WITH CONMEX FLIGHTS/ADD TIME: 4
MIMUTES
EXTRA DE-BOARDING: 1x MUSICAL INSTRUMENT (CELLO)/ADD TIME:
4 MINUTES
EXTRA DE-LOADING 27x DAA/ADD TIME: 4 MINUTES

OK

FIGURE 35: COOPERATIVE INFORMATION SHARED FROM FLIG HT CREWS

Figure 36 shows an example of an HMI message thed provided to the
participants during condition C2 and required TO&JIdates to be inserted into the
GuUI2:

ACARS ‘ =]

. | HMITURN-RUND UPDATE 1: SENT BY RAMPAGENT LH 3744
Late Fuel Truck Arnival: ADD TIME: 3 Minutes

HMITURN-RUND UPDATE 2: SENT BY RAMPAGENT LH 3744

Actual Delay of WCH De-boarding: Delay: ADD TIME: 5 Minutes
HMITURN-RUND UPDATE 3; SENT BY RAMPAGENT LH 3744

Late Loading Personnel: Estimated Extra Delay: ADD TIME: 2 Minutes

oK

FIGURE 36: COOPERATIVE INFORMATION SHARED FROM RAMP AGENTS

Figure 37 shows an example of additional infornratibat was provided to the
participants during condition C0/C1/C2 and did mequire a TOBT update. This
message represents information from the workingtiposof a Connex Controller
who is in charge of managing transfer passengketbgiinbound or the connecting

flight has a delay:

. | CCMessageNol
W Please inform Rampagent for LH 5610 aus FMO about RDS for LH 3239

FDH, LH 1399 LHR and LH 292 FRA)

oK

FIGURE 37: TURN-ROUND INFORMATION FROM OTHER PARTIC IPATING ACTOR
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Figure 38 shows an example of additional infornratibat was provided to the
participants during condition C0/C1/C2 and did metuire a TOBT update. This
message represents an update received from CFMut ab@TOT for the affected
flight:

ACARS e |

i s j CTOTNo2
L' CTOT for LH 4700 to AMS CTOT 1250

oK

FIGURE 38: TURN-ROUND INFORMATION FROM OTHER PARTIC IPATING ACTOR

Figure 39 shows an example of an incoming pre-cmbrtelephone call. The
participant could either take the call directly) @& delay it by one minute (nein):

[TEEFCN X

- ; Eingehender Anruf, jetzt annehmen?
&¥  (Anrufwiederholung nach 1 Minute)

la Mein

FIGURE 39: MESSAGE FOR INCOMING PRE-RECORDED TELEF ON CALL

Training phase:

After the instructions were given, the participahtad 20 minutes to familiarise
themselves with the TRCM functionalities they wezguired to use.
No questions remained open after this training @hasich included a demonstration

of all interactions used during the course of thgegiments.

Experimental Conditions:

Each experimental setting lasted for 55 minuteserAdach experimental scenario,
the participants were allowed to take breaks a®ssary. A feedback sheet was
handed out with questions on the experiments irerotd assure that the workload
perceived by the participants did not exceed dayaly demand and that the
participants felt well treated during the day.
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FIGURE 40: THE PARTICIPANTS & THE EXPERIMENTAL SET- UP

7.7 Data Analysis and Results

A. Analysis Software

The collected data was depicted in Excel Tables&P8S Statistics Version 18.0
was used to analyse the results using descriptatestics and inferential statistics via
Kolmogorov-Smirnov test, Friedman test, Wilcoxorgr&d-Rank Tests, Bonferroni

adjustments, and Games-Howell test on the results.

B.Selection of Statistical Method

The nature of the experimental design relies hgaybn non-parametric statistics,
since a pre-test with Kolmogorov-Smirnov showedt tttee DV is not normally
distributed (see Table 17).

Box plot diagrams were used to analyse and visaidfie data. The main statistical
analysis was done via a Friedman test as suchleésfabnon-parametric testing of
differences between variables with the dependentibla that is measured being
ordinal. It is based on the following assumptions:

e One group is measured on three or more differecesons.

* The group is a random sample from the population.

* One dependent variable is either ordinal, inteoraktio and

* The sample does not need to be normally distributed
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A post-hoc test was required in order to identityene the differences between the
different information sharing conditions exactlycacs. A Wilcoxon-Signed Rank test
was chosen for this purpose. As a second postéxic the Games-Howell test was
used to test for the homogeneity of the variande/den the participants. The Games-
Howell test is able to identify single differencégtween the heterogeneity of

variances and does not rely on homogeneity of neeia

C. Inducing Statistical Significance:

The following difficulties were assessed beforediarting the analysis on the data

obtained by the experiments:

e Carry-over Effect: the participants transfer sonmgthfrom one scenario to
another. Due to the small amount of participarts,darry-over effect could be
assessed from each participant individually. Noamahanges in behaviour
during the course of the experiments could be eeskirom all participating.

* Order Effect: the order of the conditions has afeatfon the dependent
variable. This effect was avoided by counterbalagp¢he information sharing
condition within the three experimental scenariss@ Latin-Square tables for
experimental scenarios A/B/C.

* Imparity Effect: Some turn-round scenarios may barendifficult to handle
than others. This effect was reduced by maintaitivegamount of information

almost constant for each turn-round condition agahario.

D.Data Analysis

All TOBTs received by the participants in the spigseet were organized as

follows:

Based on the EIBT of each flight, the turn-rounddiestimated by the participant
was calculated via [TOBT | - EIBT| and |[TOBT Il IBE|. This was used to compare
the deviations from MTTT and get an understandibgua the different ways of
participants’ TOBT assignment behaviour. A sigrfice level ofP = 0.05 was
chosen.

Then, |[TOBT | - AOBT| and |[TOBT Il - AOBT| were calated and used in order to

perform the Friedman test. The Friedman test is &blhandle non-parametric data
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distribution as it is received for the values of DV ‘expected deviation from MTTT’
at the two test points (measurement points) unter three information sharing
conditions CO/C1/C2. The DV were labelled as (Tdlig

TABLE 16: LABELING CONVENTION OF TEST VARIABL ES

Mode of Test Variables Label of Test Variables
No cooperative Information Sharing C0/ Measurenfraint | CO MPI
Cooperative Information Sharing C1/ MeasurementtHoi C1 MPI
Cooperative Information Sharing C2/ Measurementtoi C2 MPI
No cooperative Information Sharing CO/ Measurenfraint || CO MPII
Cooperative Information Sharing C1/ Measurementtbi C1 MPII
Cooperative Information Sharing C2/ Measurementtibi C2 MPII

Table 17 shows the results of the Kolmogorov-Smirfi<S) Test:

TABLE 17: KOLMOGOROV-SMIRNOV TEST

) Actual | Actual at | Predicted| Predicted| Predicted| Predicted| Predicted| Predicted
Turn-round Time
at MP | MP 11 at MP | at MP 1l at MP | at MP Il atMP | at MP 1l
Condition Cco Cco Cco Cco Cl Cl Cc2 Cc2
N 90 90 90 90 90 90 90 90

Parameter of thel Mean 48,66 57,73 38,50 41,30 45,19 45,48 44,88 52,98
standard Standard 11,20 | 1303 | 1082 | 1268 | 1061 | 11,63 | 1043 | 1238
distribution Deviation
Most extreme Absolute ,359 ,213 ,316 ,269 ,252 ,228 ,251 ,140
differences Positive 359 213 316 269 252 228 251 140

Negative -,153 -,179 -,229 -,188 -,168 -,162 -,172 -,102
Kolmogorov-Smirnov-Z 3,407 2,018 2,995 2,555 2,386 2,166 2,380 1,330
Asymptotic Significance ,000 ,001 ,000 ,000 ,000 ,000 ,000 ,058
(2-tailed)

The KS-Test reports that the relative distributminthe data from the DV is non-

parametric.
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E. Descriptive Statistics

Table 18 shows the deviations of the predicted T@Bm actual off-block time at the
different measurement points while applying théedént conditions CO, C1, and C2

in minutes:

TABLE 18: DESCRIPTIVE STATISTICS FROM EXPERIMENTS

Measure/ Test Measurement | Measurement | Measurement | Measurement | Measurement | Measurement
Point’ Point 1/C0O Point 2/C0O Point 1/C1 Point 2/C1 Point 1/C2 Point 2/C2
Mean [TOBT- AOBT]| 21,21* 20,39 12,74 14,59 12,86 5,00
Max |[TOBT- AOBT]| 59 47 38 44 38 26
Min [TOBT- AOBT]| 1 2 0 0 0 0
Median [TOBT-
18,00 18,00 10,00 12,00 11,00 3,00
AOBT|
Standard Deviation 14,01 12,41 10,95 11,62 10,42 5,27

*All units in minutes
Figure 41 shows a box-and-whisker diagram withdénaation of the predicted
TOBT from the actual turn-round time at measurenpeirit | and Il during conditions

C0, C1, and C2 in minutes. While the middle of blo& represents the median
assigned TOBT, the bottom and the top of the bpresent the 25percentile
(bottom) and the 75percentile (top) of all assigned TOBTs. While tiper end of
whisker at COMPII and the lower end of the whiske€1MPI, C2MPI, and C2MPII
represent the maximum, respectively the minimurevalf all assigned TOBTS, the
lowest/ highest ends of the other values arewsiiiiin 1.5 Inter-Quartile Range (IQR)
of the lower/upper quartile, but as indicated by dots/stars there are some weak

outliers (dots) and some strong outliers (stars).
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Table 19 shows the descriptive statistics of thedfnan Test at Measurement Point I

TABLE 19: DESCRIPTIVE STATISTICS AT MEASUREMENT POl NT |

Descriptive Statistics

Percentiles
N 25. 50. (Median) 75.
CO MPI 90 10.00 18.00 35.25
C1 MPI 90 4.00 10.00 17.00
C2 MPI 90 4.75 11.00 19.00

There was a statistically significant difference TOBT assignment accuracy
depending on which information was provided to plaeticipants whilst assigning the

first TOBT update for the turn-roundg?(2) = 71,514pP = 0.003.

Table 20 shows the descriptive statistics of thedfnan Test at Measurement Point Il

TABLE 20: DESCRIPTIVE STATISTICS AT MEASUREMENT POI NT Il

Descriptive Statistics

Percentiles
N 25. 50. (Median) 75.
CO MPII 90 10.00 18.00 30.00
C1 MPII 90 5.00 12.00 19.25
C2 MPII 90 1.00 3.00 8.00

There was a statistically significant difference TOBT assignment accuracy
depending on which information was provided to plagticipant whilst assigning the
secondTOBT update for the turn-roundg?(2) = 90,875P = 0.003.

F.Post-hoc Tests

In order to examine the differences of |AIBT - TQBEtween the related information
sharing conditions CO/C1/C2 that actually occuWigcoxon Signed-Rank Test was
used that is able to identify the differences withmaking assumptions about their
distribution and the participants or repeated mesmsants can be from the same

sample group.
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Table 21, 22 and 23 show the Rank Scores asiement Point I:

TABLE 21: TEST 1 RANK SCORES BETWEEN C0O AND C 1 AT MEASUREMENT POINT |

Ranks
N Mean Rank Sum of Ranks
C1 MPI - CO MPI Negative Ranks 73 43.45 3171.50
Positive Ranks 11° 36.23 398.50
Ties 6°
Total 90

a. C1 MPI < CO MPI
b. C1 MPI > CO MPI
c. C1 MPI = CO MPI

TABLE 22: TEST 2 RANK SCORES BETWEEN C0O AND C 2 AT MEASUREMENT POINT |

Ranks
N Mean Rank Sum of Ranks
C2 MPI - CO MPI Negative Ranks 72 40.79 2937.00
Positive Ranks g 37.88 303.00
Ties 1¢°
Total 90

a. C2 MPI < CO MPI
b. C2 MPI > CO MPI
c. C2 MPI = CO MPI

TABLE 23: TEST 3 RANK SCORES BETWEEN C1 AND C 2 AT MEASUREMENT POINT |

Ranks
N Mean Rank Sum of Ranks
C2 MP| - C1 MPI Negative Ranks 40 40.01 1600.50
Positive Ranks 41° 41.96 1720.50
Ties g°
Total 90

a. C2 MPI < C1 MPI
b. C2 MPI > C1 MPI
c. C2 MPI = C1 MPI
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Table 24, 25 and 26 show the Rank Scores at MaasmtePoint |1

TABLE 24: TEST 4 RANK SCORES BETWEEN CO AND C 1 AT MEASUREMENT POINT II

Ranks
N Mean Rank Sum of Ranks
C1 MPII - CO MPII Negative Ranks 607 45.28 2717.00
Positive Ranks 23 33.43 769.00
Ties 7°
Total 90

a. C1 MPIl < CO MPII
b. C1 MPIl > CO MPII
c. C1 MPIl = CO MPII

TABLE 25:TEST 5 RANK SCORES BETWEEN CO AND C 2 AT MEASUREMENT POINT I

Ranks
N Mean Rank Sum of Ranks
C2 MPII - CO MPII Negative Ranks 80° 43.33 3466.00
Positive Ranks 3 6.67 20.00
Ties 7°
Total 90

a. C2 MPII < CO MPII
b. C2 MPII > CO MPII
c. C2 MPIl = CO MPII

TABLE 26: TEST 6 RANK SCORES BETWEEN C1 AND C 2 AT MEASUREMENT POINT Il

Ranks
N Mean Rank Sum of Ranks
C2 MPIl — C1 MPII Negative Ranks 73 49.35 3602.50
Positive Ranks 16° 25.16 402.50
Ties 1°
Total 90

a. C2 MPII < C1 MPII
b. C2 MPIl > C1IMPII
c. C2 MPIl = C1 MPII
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Test 7: The Games-Howell-Test identified only tugn#icant differences among all

data sets of the turn-round controllers (see Appevill).

G.Test Statistics of Post Hoc Tests 1 — 7

Post-hocanalysis with Wilcoxon Signed-Rank Tests and Boof@ correction
applied resulted in a significance level setPak 0.017. Median (IQR) assigned
differences in TOBT prediction accuracy for the €, and C2 information sharing
condition were 18.0 minutes (10 to 35.25), 10.0utes (4 to 17) and 11.0 minutes
(4.75 to 19), respectively.

Test 1 (significant): At measurement point |, there were significanfedénces
between CO information sharing and C1 informatibargg condition, if information
was cooperatively shared between flight crews amah-tound controller. The
Wilcoxon Signed Ranks Test showed that cooperadtif@mation shared between
flight crews and turn-round controllers elicitedstatistically significant change in
TOBT prediction ten minutes prior estimated airciafblock time Z = -6,188;P =
0.003). The median between the different TOBT mt&uth scores was 8.00.

Test 2 (significant): At measurement point |, there were significanfedénces
between CO information sharing and C1 informatibargg condition, if information
was additionally provided by ramp agent. The WilwmoxSigned Ranks Test showed
that cooperative information shared between fligletvs/ramp agents and turn-round
controllers elicited a statistically significantasige in TOBT prediction ten minutes
prior estimated aircraft in-block tim& € -6,320;P = 0.003). The median between the
different TOBT prediction scores was 7.00.

Test 3 (not significant): At measurement point I, there was no significant
difference between C1 and C2 information sharingddmn despite the overall
deviation from AOBT, if information is cooperatiyeshared between flight crews,
ramp agents, and turn-round controllers. The Wibcn:Signed Ranks Test showed
that cooperative information shared only betweeghfl crews and turn-round
controllers compared to cooperative informationrisizabetween flight crews/ramp
agents and turn-round controllers didt elicit a statistically significant change in
TOBT prediction ten minutes prior estimated airciatblock time Z = -2,83;P =
0.777). The median between the different TOBT mta&ui scores was 1.00.
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Test 4 (significant): At measurement point I, there were also significa
differences between CO information sharing and i@armation sharing condition, if
information were cooperatively shared between fligtrews and turn-round
controllers. The Wilcoxon Signed Ranks Test showeat cooperative information
shared between flight crews and turn-round comrsllelicited a statistically
significant change in TOBT prediction five minutgual aircraft in-block timeZ(= -
4,426; P = 0.000). The median between the different TOB&dpmtion scores was
6.00.

Test 5 (significant): At measurement point I, there were also significa
differences between CO information sharing and i@armation sharing condition, if
information were additionally provided by the ramagent. The Wilcoxon Signed
Ranks Test showed that cooperative informationezhdretween flight crews/ramp
agents and turn-round controllers elicited a dteséiy significant change in TOBT
prediction five minutes actual aircraft in-blockme ¢ = -7,825;P = 0.000). The
median between the different TOBT prediction scevas 15.00.

Test 6 (significant): Comparing measurement point | and Il, there wds® a
significant differences, when comparing cooperatin®drmation sharing between
flight crews and turn-round controllers or addissmformation provided by the ramp
agent. The Wilcoxon Signed Ranks Test showed thapearative information shared
only between flight crews and turn-round contraleompared to flight crews/ramp
agents and turn-round controllers elicited a dia#iy significant change in TOBT
prediction five minutes actual aircraft in-blockme ¢ = -6,551;P = 0.000). The
median between the different TOBT prediction scavas 9.00.

Test 7 (significant): The Games-Howell Test showed that there was ndfisignt
difference between the turn-round controllers tgfmut all experimental conditions
CO, C1, and C2; p < .05. Therefore it is statififfcsignificant that the results of the

controllers’ assessment are valid.
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H. Distinctive Features of the Experiment Results

A total of 540 TOBT assignments were noted durimg éxperiments (90 per
participant)

Out of all 540 TOBTs which were assigned during éx@eriments, only 34
TOBTSs were assigned with Estimated TOBT (+/- 1 rtefier AOBT (6.30 %).
Out of all 540 TOBTSs, only 65 TOBTs (12.0%) werssigned using the
TOBT that was proposed by the Turn-round Controtk4aop [-1; +1 minute].
Out of all 180 Scenarios where no cooperative mairon was provided, 25
TOBT assignments were based on turn-round times grem MTTT (13.9%)
The second column of Table 26 shows the number @BT updates that
participants inserted into the ‘change’ column ba TRCM in GUI 2. This
was part of the experiment instructions; howevenly oone participant
occasionally (12.0%) used the TOBT proposal from TRCM, but denoted
the information from the ACARS/HMI messages anawiated the TOBTs on
the spreadsheet. Table 27 also shows the numbmrtgbing telephone calls,
where the participants contacted the interlocutaringy the experiments.
Column three are the number of calls that were usedhe participants to
actively acquire information; whereas column fore the number of telephone

calls without any specific information request hg tontroller.

TABLE 27: DESCRIPTIVE STATISTICS FROM EXPERIMENTS

No of TOBT Updates . .
- : . Telephone Call with Telephone Call without
Participant during Experiment : .
Information Request Information Request
No I/11/111
1 41/46/42 21 20
2 57/56/59 9 11
3 36/31/40 18 23
4 56/48/52 6 12
5 31/32/42 5 20
6 4/5/4 3 11

Two Participants used the spreadsheet to calcU@ET predictions.
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* Three patrticipants denoted the CTOT time that wasiged for a number of
flights next to the TOBT column. Then they used @E€OT to determine
TOBT estimates.

» All participants denoted the known major delaysrfrtechnical aircraft status
or crew delay next to the TOBT column.

e« Table 18/ Figure 41 show a significant decreaseT@BT deviation and
decreasing range from actual turn-round time, wdwmnparing the TOBT that
was assigned aneasurement point Wwith the different information sharing
conditions CO, C1, and C2.

e Table 18/ Figure 41 show also a significant de@easTOBT deviation and
decreasing range from actual turn-round time, wdwnparing the TOBT that
was assigned aheasurement point Mvith the different information sharing
conditions CO, C1, and C2.
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I. Distinctive Features from the Participants Feedhck

TABLE 28: QUALITATIVE DATA FROM EXPERIMENTS

Fully Rather Rather Fully
SIS S Agree Agree Disagree | Disagree
Content of the experiments was relevant to my 4+ 5
day-to-day work
The workload during experiments was compara bée 4
to my day-to-day work
The cooperative information received was useful
to increase Situational Awareness for the turn- 4 2
round control
Generally | was satisfied with operation of the 4 >
Turn-round Control Mock-up
The cooperative information from cockpit were 5 1
useful for TOBT prediction
The cooperative information from ramp agent was 5 1
useful for TOBT prediction
Too much information was depicted 2 4
Additional information is required 4 2

If additional information is required, please give|

examples

Crew Delays, Technical Info, TSAT, Transit
Passengers (RDS), Ready for Boarding Messa

hes

*All units are No of participants

7.8 Limitations, Control and Validity of the Experiments

Two issues concerning the TRCM, in particular, remdurther discussion. First,

there was a concern whether the TOBT assignmenbasesd on the TRCM proposal

or personal experience with turn-round controlwdtuld have been possible that the

participants adopted a strategy of just ‘playing thame’ or devoted cognitive

resources from their own experiences for turn-roomhitoring. The high workload

condition could be an indication that the partiofzahad to prioritise tasks and

therefore used a lower-level-effort strategy. Thusyould not be surprising that the

participants were too busy using their telephooeget required information from the
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ramp or flight crew directly. However, a strong ication that the participants used
their own strategy based on experience is the smatlber of TOBT predictions that
were based on the TOBT proposed by the TRCM (SeeGlhapter 7.8).

Second, a methodological limitation could have ltesufrom the design of the
study: information provided via pre-recorded teleph calls or ACARS messages
included also generic information related to Muniaimport operation. Although
participants were instructed to not use such in&diom for TOBT updates, feedback
after the study revealed that participants wereedmw confused by some of this
information. It is therefore not possible to ass#ss extent that such information

influenced overall turn-round control.

The scenarios included also a greater number @yddl and hence critical turn-
rounds than in reality. Therefore, the benefitsidbrmation sharing will not be

guantitatively the same in reality.

Control and Validity

Control of experiments with human participants iialilt to achieve because of
the different personalities, intelligence and eig®e level of the participants. The
control for this study was therefore maximised hg hature of its design. Measures
taken included avoiding non-equivalent control gr®uy using the participants as
control group and counterbalancing the experimestaharios. Effects resulting from
history, maturation, instrumentation, mortality, damliffusion of treatment were
neglected due to the design of the experiments.léAthitesting effect could not be
observed, a possible experimenter effect was addigepredefined instructions given
to the participants before the experiments as aglla single —blind experimental
design where the participants were not informethef manipulation of the provided
variable. The participant effect was avoided bynalging a different aim of the
experiments than the manipulation. The participahtaught that the focus of the
experiments was on cooperation between interloswtod participants rather than on
TOBT accuracy. Only one participant could be obsénsing such imagined demand
characteristics during the experiments: the pgaici used his telephone in order to
share the information thdte received via ACARS with the interlocutor insteald o

using the informatiofrom the interlocutor.
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A number of measures was undertaken to keep thernextvalidity high. This
includes the selection of turn-round controllerspasticipants (See Chapter 7.3) and
the design of the Turn-round control Mock-up (Seea@er 7.5). Therefore, the
externalvalidity of the experiments that allows a genetion of the results is seen
as very high. Despite the artificiality of the sition, the experiments can be applied to
other A-CDM airports, assuming that the workloadtloé turn-round controllers, as
well as their workplace scenarios remain comparablsystematic replication of the
experimental setting at other CDM airports is tfene recommended to further

elaborate the findings of this study.

7.9 Concluding Aspects

By using non-parametric statistics it could be dest@ted that there was a
statistically significant difference in TOBT assigant accuracy depending on which
information was provided to the participant. Ipretation of these results indicates
that there is a strong indication (Test 1/2/4/5 cooperative information provided
from cockpit and ramp can significantly improve TOPBredictions. As indicated by
measurement point |, not only can predictions beemaxcurate, they can also be

available at an earlier stage of the flight/turnad than today.

Results from Test 3 are not surprising, becauserbaneasurement point | no
cooperative information was provided from ramp agbat may have influenced the
TOBT assignment.

Even though the participants stated that the warklevel was realistic compared
to day-to-day business, they complained of inforomatoverload during the
experiments. This could be an indication that tleekload during adverse conditions
exceeds the level acceptable to the participanthdse cases, there is an inherent risk

of losing situational awareness at a level thagdgiired for monitoring turn-rounds.

The controllers almost always underestimated thataun of the turn-round (See
Chapter 7.8). This indicates also the intentionghef controllers to keep the turn-

round delay short.

Overall, during experimental studies with turn-rdwontrollers as participants and

airline flight crews as interlocutors, it was pdssito influence TOBT decision
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making positively to achieve more accurate prealingiof the estimated turn-round
end. As postulated in Hypothesis | and Il, the ®apve information from the
cockpit and ramp not only improved turn-round coetiph predictability, the
cooperative aspect of the experimental setting aEemed to have influenced the
cooperative attitude of the participants. As inthdain the questionnaire directly
following the experiments, the participants welcdntige opportunity t@ooperatively
share information among the distributed participaof the turn-round and their

workplace.

Therefore Hypothesis IInformation required for TOBT updates which is
cooperatively shared between flight crews and naumd controller before |[EIBT - 10
Minutes| increases the accuracy of TQBINd Hypothesis linformation required for
TOBT updates (independent variable) which is coajpezly shared between flight
crew, ramp agent and turn-round controller befof#HT + 5 Minutes| increases the
accuracy of TOBT, i.e. reduces |TOBT - AOB®Id be validated.

However, while the participants appreciated the peoative attitude of the
participating flight crews, they had to cope with imformation overload condition
comparable to their day-to-day working environméit.participants agreed that the
information overload and workload in general durthg experiments was similar to

their actual working situations.

7.10 Discussion

The approach chosen requires asking about theityatida laboratory approach for
complementing field observations. The underlyingesfion here was how the
laboratory setting could be used to gain insights ior contribute to the design of
field studies that would further increase the diéidy of the field observations.
Implicit in this approach is the assumption thatrencontrol can be gained in the
laboratory than in the field studies. This approaldo includes the assumption that the
laboratory cannot substitute field investigations.

It is argued however that a discussion about coafyléty of lab and field scenarios
is not relevant for this research for several reasé&irstly, all phases of the project
were seeking practical significance and are theee&pplied type research questions.
Secondly, the first, second, and third phases @fréisearch highlights the constraints
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to TOBT assignment, while the last phase sough¢mal solutions. The research
setting in this final phase was designed as closslypossible to reality which is,
according to Skraaning (2003), the only possibilitty combining laboratory and field
studies. Such an approach entails conducting storuéudies in complex operational
environments as they can be found during turn-rauadagement. Thirdly, all phases
of the research had their own objectives that veeldressed at the relevant stages.
Different aspects were centred in each study apprtmagrasp the specific aspects that
were identified for the TOBT assignment problenartstg from a broad ecological
perspective to a view focused on individual cogeitiaspects towards TOBT
prediction. As an analogy, this approach can bepawed with the task of building the
shortest, most suitable road from A to B in a fairhknown terrain. This will not be
possible, if the topological or surface factors asmunknown. As for the TOBT, it
can only be determined successfully, if the factoffuencing the adherence are
known and then regarded.

A key message for the still inherent constraintooperation revealed during the
feedback from turn-round controllers after the ekpents is the little amount of
awareness that the airline company itself placesthen need for reliable TOBT
predictions: Instead of increasing mutual trust anderstanding of other participating
CDM partner’'s operation, the reality is shaped hgreasing pressure and high
workload levels, also affecting available options $uccessful turn-round control and
so also TOBT accuracy. One major issue here isiticertainty about other partners’
behaviour, e.g.Wwhat happens exactly if the CTOT or TSAT is lo$s3i’t it better to
first give the earlier departure a try8uch continuing mistrust among partners fosters
the focus on the advantages of the airlines’ owerafpn instead of establishing a
broader view onto the network benefits. Additibpabiven the high work load,
adherent to turn-round controllers’ jobs, emphaars barely be placed on establishing
cooperation with other participants or informatigathering for TOBT predictions,
when focus has to be placed on minimising delayeeping pace with the other duties
on task. Such pressure also explains the reducfidarn-round time below MTTT
that was surprisingly often applied by turn-rounohtcollers instead of getting a
realistic picture of the required turn-round dwatiE.g. hardly any TOBT prediction

exceededhe actual turn-round time (see Chapter 7.7).
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An example was provided by the participants andflibbt crews, which revealed
to be useful in illustrating this chain of consmtsi during daily routine operations:
Starting situation is any turn-round event withamformed duration of the estimated
delay by a SME: either the still existing posstgilthat the delay could actually be
also shorter than predicted or the option to corsgtenthe delay by accelerating other
turn-round processes, together with the underlypngssure to keep delays short,
causes the turn-round controller to predict a TQBAt does not incorporate the full
process duration of all turn-round processes. B&pees with such situations in the
past have confirmed that for a certain amount oh-tounds this strategy was
successful and TOBT could be maintained. At theeséime, the number of flight
crews expressing dissatisfaction or declining websrated turn-round has to be put up
with the advantage having minimised the delay astlédor a certain number of turn-
rounds. In the majority, however, this strategysdiework when comparing the cost
of missing a CTOT versus cost of reassigning a 180T, thus resulting in network

benefits from improved TOBT prediction accuracy.

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 198



Chapter 8: Conclusions and Recommendations

8 SUMMARIES, CONCLUSIONS AND RECOMMENDATIONS
8.1 Conclusion on the Methodological Framework Chan

The framework chosen as well as the methods usettidoanalyses revealed being
able to account for the environmental constraiffiscing TOBT predictionand the
cognitive factors influencing the human-informatioteractions of the participants. A
Cognitive Work Analysis (CWAyas used which was aimed at identifying the
constraints shaping these interactions during taumd, grasping the information
behaviour of the actors at the various distriblbedtions, and also the reason for their
actions. Tools proposed by the CWA and conceptoiastcucts provided the structure
for the design of this human-information interactianalysis. The results were then
applied to specific turn-round situations, and useda guide for designing the
experiments that simultaneously included facetanfreocial, technological, and

organisational aspects of the contemplated situsitio

A set of research activities was proposed to ansivgeresearch questions presented
as outlined in Chapter 1. The Chapter here sumemtizese methods and discusses
the advantages and disadvantages of the appliedrodsprocedures. Generally, three
research methods were used to investigate thegmnsbbf TOBT inaccuracy. First, a
formative analysis was chosen based on document analyskghstider discussions,
and SME interviews. In contrast to a normative apph, this form provided a
structure for analysing how thingsould rather thanshould be done. Second, a
descriptiveform of analysis was chosen with data collectioa survey and field
studies. Even though this form has reduced coatribity, it offers high external and
ecological validity. Finally, amxplanatorymethod was used via experimental studies
in a controlled setting with human-in-the-loop,oaling for a full control of the

influencing variables and keeping the internaldigfi high.

To control the advantages and disadvantages of matinod, a combination of all
approaches was chosen to arrive at a comprehedss@iption of the influencing
factors and possible strategies to mitigate theeotiproblem with TOBT prediction.
This combination of methods not only allowed a éadjiand iterative zoom-in from
the turn-round environment to the specific problehTOBT assignment, but is also

seen as a complementary approach to the problem.
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8.2 Data Organization, Hypothesis Testing, and Stestical Analysis

The first two phases of the project were aimed deniifying descriptive
information. The qualitative data that was gainexnf these phases was organized in
class interval frequency distributiori3escriptive data analysiwas applied to obtain
measures of central tendency via a Likert scatg, feom various critical turn-round
situations or the dispersion of possible delay daoce. Even with the restriction in
mind that the survey with flight crews acquired lifjative data only, correlation
analysis was carried out, e.g. between the turndqurocess delay and the departure
delay of the consecutive flight by using Spearmah® as a coefficient to measure
two variables on an ordinal scale. As an alterfates reliability test, moderate to
strong relationship could be demonstrated by usipgvalent questions. Equivalency

was assured by using the same difficulty levekriutdions and format of test.

The data gained during the third phase via fieldepbations was organized in a
gualitative cognitive model that could be used malgse the mental models of the

turn-round controllers and their data requirements.

The basic issues from the final phase of the rebeare related to the specific
experimental setting of a correlated groups desigiginated from the rare existence
of the participants, an experimental condition sbdvwadvantageous which allows
serving the experimental as well as the controddam. Since all participants served
all conditions, randomisation was not necessarye gteatest benefit however was
gained from statistical power, because individudfecences could be minimised
under the applied conditions. Variability betweae three conditions under analysis
came from the manipulation of the independent Wégidainformation sharing’ and
according to Jackson (2008) has the potential ewige a purer measure of the true

effects of this variable.

The focus of the analysis was to validate the $igaoformationdistributionin the
contemplated environment, but not theecificdetails of the information. Therefore,
only a small number of hypotheses was used thatuatdor the problems related to
information distribution between the turn-round tohliers and the flight crews/ramp
agents. Inferential statistics were used to drasvdbnclusions about the participants
under analysis based on the data collected thrthglexperiments. The hypotheses
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testing chosen was valid for the proposed oneetdiigpotheses with an alpha level of
.05 statistical significance. Such a 5% risk of &yperror is common in social and

behavioural scenarios and is so seen as also abtefdr the proposed experiments.

Since the characteristics (1) or deviatioh ¢f the analysed population revealed to
be non-standard distributed, a non-parametric wast used that does not require m
and s parameters. The Friedman Test, also called-avay analysis on ranks, was
suitable because it did not require a standardiloigion of the analysed data. It was
used to detect differences in treatments (condi@iph, and 1l) across multiple test
attempts (scenarios) by modelling the ratinga adws representing the different turn-

rounds ork columns as the different turn-round sets undelyarsa

The repeated measures ANOVA test however couldeatsed because it requires
a normal distribution of the data and comparech® Quade Test, Friedman showed
stronger significance with given sample size. Amsat-hoc test, the Wilcoxon Signed-
Ranks Test with Boferroni adjustments on the chadgina level was applied.

8.3 Conclusion from Cognitive Work Analysis

The Cognitive Work Analysis as the overall framekvahosen for the project
revealed to be useful for the analysis of the A-CDWrk system. It aimed at
identifying the constraints from environmental tastthat have an influence on TOBT
prediction accuracy. The large number of turn-ropadicipants being at distributed
locations and therefore inherent constraints onsaet making called for an analysis
with an ecological perspective that can handle kb#h intentional and physical
constraints on the actions of all participatingac®i this form of analysis is not based
on quantitative measures, an early validation efrsults from such form of analysis
was pursued to verify that the analysis was orkir&esults from the survey were
used to provide an independent source of informafr the validation of the

Abstraction-Decomposition Space (ADS) of the A-Cdrk system.

While the ADS could be validated using resultsnfrthe flight crew survey,
neither the decision ladder as the proposed tadlhi® control task analysis nor the
strategies, social worker and cooperation anabitd usefully be applied to the A-

CDM work system because of their inherent limitatiaf these tools. Thus, they
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were perceived as being detrimental to the aimymarsby this project. Further
details on identified limitations can be found ipgendix VI.

However, the largest benefit gained with the CWauited from the information
requirement analysis and the application of theteddnal activity templates. These
forms of investigation were able to provide theibdsr the subsequent studies. By
analysing all of the turn-round processes, the-taumd constraints resulting from
the parallel turn-round events could be depictedorm of acritical path. This
critical path analysis could also identify the r@sgibilities for decision making and
the control tasks at the various stages of therownd. Additionally, the critical path
could be used to unveil information requirementstfi@ various processes that may
influence TOBT prediction accuracy. Furthermoreg tiritical path provided the
foundation for selecting the critical events th&revused for the scenarios that made
up the experiments on TOBT prediction accuracwas therefore concluded that the
CWA was able to provide a valuable framework fordelbng the A-CDM work
domain, even though some of the proposed toolsdcoot be used. It was able to
identify a number of fundamental constraints tha ianposed on TOBT decision
making and to show the specific environmental fictbat influence TOBT decision

making.

8.4 Summary and Conclusion from the Flight Crew Swey
The Participants

The second step of this project was a survey wiima flight crews aimed at
identifying and describing critical situations f6OBT adherence. This measure was
applied in order to identify how frequently theritnound problems occur, seen from
the perspective of the user. Airline flight creweres chosen as participants for the
survey, because although they are initially notardgd as A-CDM partners and
normally do not assign the TOBT, but thegethe Target Start-up Approval Time
(TSAT) which depends on accurate TOBT predictiond bence influences the time
available for their turn-round tasks. The secongomaason for using flight crews as
participants was because they are the only usesscah compare A-CDM atarious
airports and usually do not have to expect negative coresemps from delayed turn-

rounds; while other participants have to expect petjons from delayed services.
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Therefore, they are seen as the group with thedbhias possible and the descriptions
obtained from them were used to prioritise the neasical turn-round processes. This
survey complements the CWA and provides a mearisvektigating the distinctive

characteristics of the A-CDM turn-round process.

Critical Situations for TOBT Adherence

The most important result from the survey was aapotly the high agreement
among flight crews that information sharing is atroause for failures during turn-
round as well as their remarkable consensus offrélqeency of the reported events.
Statistically noticeable results from the surveulddbe gained by comparing process
delays and departure delays with the limitationt tttee data was acquired via
qualitative assessment only: a significant relatieas identified between the delay
from a service or information provision failure amd’ effect on the departure

punctuality of the following flight for all contentgted situations.

Strikingly high results were reported from delaysuged by failures to provide
operational information to and from the cockpitcBdindings give an idea about the
flight crew’s view of the problem of how tregrlines manage operational turn-round
processes. Contemplated operational problems iedledg. changes of equipment,
parking position, or crew, re-booking or directnséer of connecting passengers.
Operational reliability for such events requires-ptanning with other airport partners
in order not to jeopardise TOBT adherence. Howetlss, initiative for such pre-

planning has usually to be taken by the airline gany or their representatives.

No correlation could be observed between the effeptoviding information to the
flight crew and therefore subsequently preventimgugd handling delay. Several
reasons are possible for this result: either tightflcrews are not aware of the
possibility of avoiding an arising problem by usiting information provided in order
to allow the flight crew to take appropriate actiqe.g. arranging alternative ways of
ground handling). Alternatively, a real lack of esasces, capabilities, aims, or other

reasons yet to be identified can be responsibledorice delays.
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The TOBT Inaccuracy-Swing-Effect: Failing to Sharormation during Turn-Round

Additionally, it could be observed in almost alpogted events that the departure
delay after turn-round following the informationoprsion failure shows higher values
than the delay values caused by the service poovisilure. A possible reason is the
so-called phenomenon of a inaccuracy-swing-effebere the network of service
providers can oscillate in very large swings ashearganisation in the supply chain
(critical path of turn-round events) seeks to sothe problem from its own
perspective and so raising the outcome of the prob{here the outcome is the
departure delay after passing the critical patigrolund handling services). This is a
very common problem in the supply chain manageneérgroduction lines where
many partners are involved and a typical phenomendhin complex systems.
Although, the turn-round has characteristics otipp$y chain, such a conclusion has
to be validated via additional information becauke delay following a service/

information provision failure could also be causgther reasons not yet identified.

Decision Making during Turn-Round

In the context of the survey it was also analysed hhe current approach to
operational decision making ferceivedby the flight crew, because it is unlikely that
flight crews will forward operational informatiornr @ccept operational decisions, if
current approach to decision making is not satisfgcfor flight crews. While the
majority of flight crews is asking famore involvement in decision making (69,9%),
because they see situational awareness for deamsaing is at higher level at the
aircraft, the majority of flight crews who aagainstadditional involvement by flight
crews in operational decision making (30,1%) semasbnal awareness better
established at places other than the aircraft docKkpe high percentage of flight
crews favouring increased involvement and the higimber of reported delays can be
seen as an indication of the high importance tigititfcrews attribute to the need of
operational reliability. This was also recognized the high number of free text
answers where dissatisfaction with the current @ggr to ground handling was
stated. Namely it was mentioned that ramp agentsaddhave the same training as
they once did and only react to flight crew regsesoreover, they are usually in
charge of several turn-rounds at the same timeaamadhot always directly accessible
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to the cockpit crew. In cases of emerging probletms flight crew has to forward the
problem themselves or wait until the ramp agent e®nback. Under these
circumstances, discontent with the current apprasaiot surprising since it is often
the air crew who has to manage turn-round probldirectly. However, different

approaches to ground handling are pursued at @iffeairports and it was concluded
that inside knowledge of the affected airport iguieed to identify best-practice

solutions individually for each airport.

Information Sharing and Cooperation

In order to analyse cooperation during turn-routhe, possible failure causes of
turn-round processes were proposed to the flightveranalogous to Ferber (1995)
who divides cooperation in the three componentsnpaiing aims, insufficient
resources, or insufficient abilities. Ferber (199%egrates these components in a
cooperation model and argues that cooperative tgiisacan be grouped either in
indifferent, cooperative, or non-cooperative sitmas depending on the combination
of these three components. Attention is required iituation reveals itself to be
structurally non-cooperative as it is the case,whetors have competing airaad
either resources or abilities are not sufficientlldwing Ferber's theory, onlpne
situation was reported by flight crews to be noog=rative if following his theory:
the assignment of parking stands. All other siaraiwere reported to be cooperative
and failure can be traced back to resource problemmabilities of responsible

function.

In order to capture possible further causes resplen®r turn-round problems also
other reasons than outlined before were proposedelisas free text answers. In this
context, 52,5 % of the flight crews view the shautn-round time, information
overload (43,6 %) and sharing of responsibilitiés,% %) as possible failure causes.
Divergent aims, lack of competencies and resoune@s also seen as failure causes.
Free text answers mentioned competency, motivaéiod,the decreasing availability

of ground personnel as key issues for turn-routhlpms.

Finally, it was concluded that the results of thevey could identify a number of

situations that are critical for TOBT adherence andld so be used for the subsequent
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studies. Additionally, the perspective of aircrevegyarding cooperation of actors
during turn-round could be captured.

8.5 Summary and Conclusion from the Study via Fiel®Dbservations

After the survey, a qualitative study with fieldsgovations during turn-rounds at
CDM airports was conducted which aimed at idenidythe constraints to operational
turn-roundmonitoring and the resulting influence oFOBT assignmentThe critical
situations identified in the first step of the ays#$ were also to be further investigated.
The initial concept was to observe solebne operators’ approach to TOBT
assignment. During this field research however shedy concept changed from
observing a single operators’ TOBT assignment tcomparison of five different
operator’s approaches towards TOBT assignment becawcomparison of different
TOBT assignment processes would reveal a broadsv of approaches currently

applied to turn-round monitoring and TOBT assigntmen

The most important findings from observations afags turn-round management
could be localized to two factors: (1) procedurifiiedences between traditionklcal
turn-round managememhonitoring and current approach towardmote turn-round
managementnd (2) the strategies of turn-round controllersci@ating or extracting

information.

Procedural differences between traditional locat-tound monitoring and today’s
remote turn-round monitoring are relatively straigtward: During traditional local
turn-round monitoring, the turn-round controlleemdifies required information via a
knowledge-driveriorm of monitoring turn-round events. Data is dthg identified at
the action level and used for developing a proactsirategy. Reliable TOBT
prediction is based on the experience of the ciatrand only possible after the
aircraft has arrived at the parking position anerdoare opened. The turn-round
controller enters the aircraft, visually asseséestime required for turn-round with
confirmation from the flight crew and then initiateappropriate actions for
coordinating the required turn-round processes.chlietinuously monitors current
turn-round status and considers that updates grereel to all actors involved. This
was done by taking the given situation into accp@nt). number of passengers,
baggage or specials. This approachkmwledge-driverbecause TOBT accuracy
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depends on ability of turn-round controller to estte process time required for all
processes along the critical chain. It is alsorniest appreciated form of turn-round
control for flight crew members, because all operatl requirements are handled by

the controller and crew members can focus on their duties.

During remote turn-round monitoring however, monitg is moredata-drivenand
depends on the information available via tools saeéphone. Turn-round controllers
have to rely on displayed information or updates wdice contacts in order to create
situational awareness. The difficulty for the coliar here is that he has to monitor
several turn-round simultaneously and often thes tavailable does not allow him to
capture all information necessary to estimate a T@Bsed orall given situational
constraints. As a result, simplified strategiesemesed for TOBT assignment instead
of takingall available information into account. Updates to TIOBquire interaction
creation from participating actors with the turnund controller or data received by
actors. Therefore, this approach data-driven because it depends on data made
available to the turn-round controller; any proaetistrategy depends on this
information. It is recommended to analyse how imfation available at the aircraft
can be forwarded via automated procedures. Dutasgrvations, only one operator of
a major European airline was using a designateg @@nson who precisely monitors
turn-round process start/end of all processes duiitical chain of turn-round and
then transmits the data to the control room. Aheot airlines observed rely on
automated systems or interactions received via @h&€CARS, or two-way radio

communication.

Overall it was concluded that an understandingatel captured of how the major
European airlines actually assign the TOBT today aiso how they deal with

unexpected situations.

8.6 Summary and Conclusion from the Experiments

Since the previous phases of analysis allowed ifgerg the constraints imposed
by the environment and cognition of all participgtiactors and operators, this step
was now aimed at identifying countermeasures tedlmnstraints. Therefore, small-
scale human-in-the-loop experiments were conduictedhlidate issues related to the
specific constraints resulting from information shg and cooperation. A within-
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participant experimental design was chosen and tedaf different turn-round
situations having different information sharing daions. The study design depicted
situations experienced during turn-round operatiomder adverse conditions where a
more standardised approach to information shariag wmvestigated. Order effects
were counterbalanced with Latin squares and thenéxitf a possible carryover effects
as well as demand characteristics were assessbe lapalysis of the results.

During the experimental studies with human-in-tbeg, the influence of
cooperative information sharing from flight crewsdaramp agents with the turn-
round controllers on TOBT prediction accuracy wasalgsed. Within three
experimental scenarios in a Turn-round Control Mopk three different information
sharing conditions were used to investigate thdiptien of the turn-round controller
on the duration of the turn-round. Starting poihtttee analysis was the assumption
that cooperative information from cockpit and antp@mp could influence the turn-
round controllers’ TOBT decision making. Simulationth the TRCM allowed

establishing such information sharing conditions.

Hypotheses | and Il could be validated via theistiadl method of &riedman Test
together with post-hoc test oWilcoxon Signed-Rank Tesind application of
Bonferroni AdjustmentsThe Friedman test was able to show that diffexermetween
groups of data exist because the dependent varizdoleng been measured was
ordinal. The median values for measurement poartd Il were also provided at this
stage. The Friedman test was only able to show dhtdrences exissomewhere
between the influence of the three information istgacategories CO, C1, and C2.
However, in order to knovwexactlywhere those differences are, a post-hoc test was
required. The Wilcoxon Signed Rank test could tlsbow where the differences
between information sharing condition CO and C1a660 C2, and C1 and C2 actually
occurred. Subsequent Bonferroni adjustments wewquinedl, because multiple
comparisons were made and Type | error should b&lest where results are falsely

declared to be significant.

It could be concluded that there was a statisticgijnificant difference in TOBT
assignment accuracy depending on which informatias provided to the participant
whilst assigning thérst TOBT update for the turn-rounds. Thereby, TOBTdpmr&on
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accuracy increased by a mean value of more tharnn8tes (See also Table 17).
Applying post-hoc analysis with Wilcoxon Signed-Rank Tests and Boofa

correction resulted in significant results: Therergvsignificant differences between
CO information sharing and C1 information sharimgaditions, and between C1 and

C2 information sharing conditions.

There was no significant difference between CO &@#l information sharing
conditions despite the overall deviation from AOBIyt there was a statistically
significant difference in TOBT assignment accurdepending on which information
was provided to the participant whilst assigninggcondTOBT update for the turn-
rounds. Thereby, TOBT prediction accuracy incredsgead mean value of more than
15 minutes (see Table 17).

It was concluded that the experiments were abtiefme countermeasures for dealing
with unexpected situations and strategies for datisupport that are able to increase
TOBT prediction accuracy. The countermeasures ariddr recommendations for A-

CMD turn-round management are lined out in Chapfér

8.7 Recommendations Resulting from this Project

A number of measures were identified that are &blmmcrease TOBT prediction
accuracy. Recommendations and possible measuraekingsfrom the descriptive

analysis of this project include:

1. Before changing established ways of turn-round tooinig, e.g. from direct turn-
round monitoring to remote turn-round monitoringrlime policy and decision
makers shouldecognize the facilitating activitiesvith the inherent predictive
capabilities that are used by direct monitoringnitound controllers. It is
necessary to anticipate turn-round controllers’ itooimg needs comprehensively
and create interfaces that systematically suppach smonitoring with reliable
TOBT prediction rather than simply expecting colms to adapt to a situation

with poor data available.

2. As a step towards designing monitoring and comnaiiwno tools with
functionalities required by controllers, valuabtdormation can be collected by

observing the facilitating activitieghat turn-round controllers are currently
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engaged in during direct turn-round monitoring aachote turn-round monitoring

under consideration of aspects fraognitiveperspective.

3. As a further step in this direction, thevailable toolsfor remote turn-round
monitoring need to be better understoad order to allow facilitating activities
with predictive behaviour being used for the design of new comghdsed
systems able to support decision making in suchomptex and dynamic

environment.

4. This not only entails the need #&malyse all information requiredo estimate
process time during all processes within the @itigath, but also to establish
functionalities allowing anandatory assessment of Target Service Delivergdim
(TSDT) for all partners and actors involved in $egvdelivery during the critical
path. As a result, the TOBT can be created basguratictiveinformation from
service providers, combined with the reference modsd the required
adjustments to the reference model based on intaymprovided by the crew.

5. This also entails the needtake information from the flight creemerging during
flight into accountor depending on flight progressd the information provided
by actors on the ramp or terminal buildinghis recommendation could later be
confirmed during an experimental study of turn-rdgituations.

6. More attention should also be paididasic human factors issu@s the design of
such supporting tools since control issues andorespility sharing are involved,
e.g. turn-round times shorter than MTTT should eagreement with the flight
crew; if flight crew does not favour using MTTT, thonly may flight safety be
affected, it is questionable whether MTTT can befgyened without his or her

consent.

7. Examples for facilitating strategies of turn-roumdnagement should be compiled
by innovative ATM network approaches to delay codmagement - namely away
from assignment of the delay code onteeal-time situational analysis (reactive
analysis) towards a delay code assignment basedhamadherent service
prediction (proactive analysis). This gives a more realiggtimation of the

responsible function without creating a blame aeltu
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Some further recommendations and measures resfitngthe experimental results

of this project are outlined next.

1. Establishingrealistic turn-round time predictionthat are able not only to increase
TOBT adherence, but also to improve pre-departegaiencing at the airport and

thus allowing for reduced the buffer times for taxi

2. Increasing attention taccurate turn-round time planning is requitebdecause
service providers can so abide by the referenceslaastablished by the airlines.
This allows them to execute their services withcoardinated chain of turn-round
events, while reducing the pressure to omit necgssafety precautions due to

time constraints.

3. Further investigation is required for the ‘critiqath’ processes of parallel turn-
round events. The critical path used during theegrents reflects the specific
turn-round situation of the hub-and-spoke operat@nMunich airport. The
TRCM that was developed for the experiments indudleerefore additional
functionalities that permit adding and removing qasses depending on the
specific turn-round situation of other airports.isgrfunctionality should be used to
insert additional required processes and to ingati the given turn-round
situation at other airports.

8.8 Limitations of the Research Undertaken

The work presented in this thesis is limited andnca be generalised without
considerations of its assumptions and shortcomings.
With the introduction of the conceptual framewdtere are assumptions underlying
the analysis, and also a number of simplificatitingt had to be applied when
compared to the real world. This allowed an ingzdion of the research objectives
in a greater level of detail and so a greater dmution to knowledge. However, the
limitations which should be kept in mind before gppy the knowledge to the real

world include:

The survey undertaken only delivers the opinion argerience of one group

among the numerous other participants. The advantafy using this group
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specifically was outlined before; however a gensa#ibn of the results is not
possible.

The data that produced the TOBT inaccuracy-swinigceforiginates from
qualitative data. Using qualitative data with aretational analysis method to
describe behaviour is often questioned within tkerdture for not being able to

deliver rigorous results.

The number of airports using A-CDM is still rattemnall and also size of airport
varies. Comparison of turn-round monitoring in hjgbongested airports may differ
significantly from airport to airport and also framrn-round duration that is used for
planning. The presented results therefore only yap@ turn-round operation at

congested airports. The relevance increases hibd girn-round time is a factor.

8.9 Contributions to Knowledge

Despite of its limitations the thesis aims to haantributed to the body of
knowledge as follows:

The relevance of this project for A-CDM could beagnized by the attention it
received from both the industry and the A-CDM Caoation Team from
EUROCONTROL Headquarters via repeated presentatiadspublications on this
topic. (See also Chapter 9). An increased attertbwrards the importance of TOBT
was realized by several stakeholders and industastners based on paper
presentations at EUROCONTROL Headquarters and wariconferences (see
Chapter 9.1) because it was realized that relid@8T predictions are crucial to

successful airport operation.

This is the first time that a CWA as an approaclCamnitive Engineering has
been applied to turn-round management. It revesdade distinct characteristics and
constraints in a work domain with characteristié¢sdwstributed decision making

environment that have neither been identified noestigated before.

While within the framework of Cognitive Work Analgs respectively during the
phase Il ‘Control Task Analysis’ and phase Il ‘&3@rganisation and Cooperation
Analysis’, existing tools could not be used, otApproaches to cooperation that have

not been applied in such context so far were iatiegrinto the CWA framework.
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Finally, employing human-in-the-loop experiments #malyse cooperative
information sharing is a novel approach to operaianformation sharing in the
domain of turn-round management that has not bakantto date. Seeing the
increasing complexity of turn-round managementhsarc approach revealed to be a
viable option that can be used for analyses inrenments or work domains with

similar constraints.

A concluding remark from the author referring tootmedge identified from the

analysis that should be seen as a warning sign:

Accurate turn-round time predictions also encomgasgerns about flight safety:
‘Caused by shortening of turn-round times below iminim process times as a
procedure identified during field studies and expents, flight safety could be at
risk, if the time available especially for safetglavant procedures is getting
increasingly constrained. This comprises the prapan of the flight crews for the
next flight segment including document study, ifugllde-icing, walk-around, cabin
security checks, and loadingdf.not sufficient time is available to thoroughlyeeute
these duties because a pressure is placed frormaidperation or inappropriate
TOBT predictions, the risk of missing or neglectne¢evant information can rise

significantly.
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8.10 Areas for Future Research

This thesis could address only a few aspects ofiteg engineering and design
criteria within the domain of turn-round managememhe high relevance to
operational day-to-day problems reveals opportesitor future research especially
in:

» Field studies about the practicability of the idiéetl cooperative information

sharing for operational application.

* Investigations on how non-punitive elements dutumg-round operation can
enhance cooperative information sharing betweetm@ar without the mutual
blaming which often stems from the current IATA BelCode Assignment
procedure.

* Research on how additional measurement pointsréamgl handling services
can be introduced and monitored for more accurateice delivery time
predictions.

» Study on the accurate process times required @tuin-round services with

focus on processes relevant to flight safety.

Generally, the portion of research projects in4wund management is relatively
low compared to other ATM domains. A majority ofsearch projects aimed at
increasing airport throughput relate to investigiagi for the terminal side of the
operation, although a number of problems can bgbattd to the land-side

operations.
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APPENDICES

APPENDIX I: Description of the A-CDM Milestones

Milestone 1 KTFlight Plan Activated

Definition

The ICAO flight plan is submitted to ATC. The AimtcCDM
Platform is initiated for this flight, and all alable information is
processed

Origin and priority

The ATC Flight Plan is submitted by the Aircraft &gptor and
distributed by the IFPS. All involved ATC units egee the flight
plan, including departure and destination aerodsome

Timing

Normally this takes place 3 hours before EOBT, hawét may be
later. In some cases a repetitive flight plan (RFRds been
submitted, covering daily or weekly flights.

Data Quality

The ATC Flight Plan corresponds to the airport plmigramme.

Effect

One aircraft turn-round normally includes an angyand a
departing flight, meaning that it will have twoaidd flight plans.
For coordinated airports, the outbound flight igatly known. The
flight plan may be used to update certain infororasuch as type o
aircraft. For long distance flights, the ELDT maéiffet from the
airport slot. For non coordinated airports, thgtiplan is used to
initiate the outbound flight. The flight is readgtriater than 15
minutes after the planned EOBT. The DPI processwentes the
correct messaging with CFMU (if implemented - sgeaciment 2
for details).

Procedures

To check consistency between ATC Flight Plan, Aitf@ot and
Airport flight data and then confirm the flight the CFMU and
allow further local processing of the flight.

This check shall be performed to verify the comsisy between
the ATC Flight Plan, Airport Slot and Airport fligllata before
the first E-DPI is sent. The AO must provide cotiieéormation
before this first E-DPI message, in order to fe€&dAO with
consistent SOBT, aircraft registration, and firsstihation data,
as early in time as possible. The E-DPI messageldimot be
sent if no or inconsistent information is provided.

This process is triggered by:

« The first activation of the ATC Flight Plan (dadt EOBT-3 hr),
or

* New or late submissions of the ATC Flight Plaitea
cancellation or revised EOBT

Operational Status

SCHEDULED

Action on CDM Operation
(ACISP)

ELDT and EIBT updated for an arrival
EOBT and ETOT updated for a departure The DPI m®ce

—

commences (if implemented - see section 3.7.3dtails).
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Milestone 2 BD - 2h

Definition

At EOBT-2 hr most flights will be known in the Aiopt CDM
Platform including if they are regulated or notl Adgulated flights
receive a CTOT from CFMU.

Origin and priority

The CTOT is issued by the CFMU and is sent to ssieATS units
as well as the departure aerodrome. CTOT flightsallis have a
priority over unregulated flights.

Timing If the flight is regulated, a CTOT is issued at EBBh.

Data Quality Not applicable.

Effect For inbound flights, ELDT is updated based on infation
provided by the FUM messages, taking into accobmet actual
progress of the flight.

Procedures TTo check (before or after tdkérom outstation) whether AO/G

flight estimates are consistent with the ATC Flighitan and tg
inform CFMU about the updated take off time estienatsing a T-
DPI Message.

This check shall be performed to verify feasibitifythe ATC Flight
Plan estimated off block time at EOBT-2 hrs. At EBB hrs
CFMU is informed through the first T-DPI messagealddlation
basis for the TTOT shall take into account EIBT+MFEXOT, if
later than EOBT+EXOT. In the case of manual indut©BT, this
estimate will override the E1IBT+MTTT estimate, hentTOT
equals TOBT+EXOT.

This procedure is triggered by
* A time stamp, at EOBT - 2h.

Operational Status

(changes to)

N.A.

Action on CDM Operation
(ACISP)

ETOT/TTOT/CTOT Mark appropriate fields as REGULATED
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Milestone 3 He Off from Qutstation

Definition The ATOT from the outstation (ADEP)

Origin and priority The outstation provides ATOT to the CFMU and Aifc@perator.

Timing The information is directly available after occurce of the
milestone.

Data Quality The accuracy of ATOT is +/- 1 minute.

Effect If the departure airport is more than 3hrs flyilmge from the

destination airport the ATOT is received from eittiee CFMU
FUM or via the Aircraft Operator / Ground Handl&sing the
ATOT an ELDT can be calculated by using the EstaddElapsed
Time on the FPL.

If the flight is within 3hrs flying time of the d@sation airport the
CFMU monitors progress of the flight using the ETElsind send a
Flight Update Message (FUM) that provides updatekeflight's
progress.

Procedures To check whether the AO/GH estimated landing tirfiterdake off
from outstation are consistent with the outboundCAHiight Plan,
and when needed inform the CFMU about the updatiesl ¢ff time
estimates using a T-DPI-c Message.

This check shall be performed to verify feasibiliythe ATC Flight
Plan at take off from outstation. A TTOT tolerardes minutes is
respected before CFMU is informed of the update®TT
Calculation basis for the TTOT shall take into agto
EIBT+MTTT+EXOT. In case EOBT is later than EIBT+MTT
TTOT equals EOBT+EXOT. In the case where TOBT ilable
this prediction will overrule the EIBT+MTTT estingthence TTOT
equals TOBT+EXOT.

This process is
triggered by e« the
take off from
outstation.

Operational Status AIRBORNE
(changes to)

Action on CDM Operation | ELDT, EIBT, TOBT and TTOT updated
(ACISP)
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Milestone 4 tal Radar Update

Definition

The flight enters the FIR (Flight Information Reg)ar the local
airspace of the destination airport.

Origin and priority

This information is normally available from the Ar€ontrol Centre
(ACC) or Approach Control Unit that is associateithvan airport.
The radar system is able to detect a flight bagpeh the assigned
SSR code when the flight crosses a defined FIR/A®Gndary.

Timing

Dependent upon the position of the airport in fetato the FIR
boundary.

Data Quality

Must be equal to the accuracy of the ATC system.

Effect

Update of the ELDT can triggenew TOBT to be entered by t
AO/GH, or calculated automatically by the AirporD8 Platform.
The accuracy of ELDT is particularly important histstage since
downstream decisions are taken, such as stand /gaiecraft
changes, preparation of arrival sequence, preparaif ground
handling operations, decisions for connecting pageses.

Uncertainty and ELDT non-accuracy at this stageni@antly
increase risks for bad and last minute decisiond amernal
disruptions. The objective to decrease the numbstamd and gate
changes in the last 30 minutes requires high acguragarding
departure and arrival times. Therefore, taking etoount the taxi
in time (EXIT), any change to a stand or gate ispreferred after
ELDT-30".

D

The update of TOBT for the related departing flighkes place
following this milestone. Decisions such as thenirgund period,
connecting passengers etc are taken and need $ddide at this
event. An estimated in-block time (EIBT) is compmltesing the
ELDT and the estimated taxi-in time.

Procedures

To commence the TOBT process and check whethe A@w:H
TOBT is consistent with the ATC Flight Plan. CFMB informed
when the TTOT changes by more than the agreed Tib@fance.

This check shall be performed to verify feasibiltifythe ATC Flight
Plan given the updated TOBT. The TTOT toleranceeispected
before CFMU is informed of updated TTOT.

This process is triggered by ¢ the detection offtight by radar
in either FIR, TMA, or on Final Approach.

Operational Status

(changes to)

FIR

Action on CDM Operation
(ACISP)

ELDT, EIBT, TOBT and TTOT updated
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Milestone 5 RihApproach

Definition The flight enters the Final Approach phase at #ntidation airport.

Origin and priority This information is normally available from ATC. &hnadar system
detects a flight based upon the assigned SSR cabielentifies
when the flight crosses either a defined rangesitiom or
passes/leaves a predetermined level.

Timing Dependent upon local parameters that are defineg&Tioy.
Data Quality Must be equal to the accuracy of the ATC system.
Effect Update of the ELDT to determine a new TOBT. Whéligat

reaches this stage it is usually between 2 anchbites from landing
(depending on the parameter set by ATC). Thistsnothe prompt
for many partners to start moving resources comrdegith the
flight, such as positioning a parking marshal araligd handling
services.

Procedures To commence the TOBT process and check whethek@i&H
TOBT is consistent with the ATC Flight Plan. CFM&Jinformed
when the TTOT changes by more than the agreed Tib@fance.

This check shall be performed to verify feasibilifythe ATC
Flight Plan given the updated TOBT. The TTOT tofeeis
respected before CFMU is informed of updated TTOT.

This process is triggered by

* The detection of the flight by radar in eitheRETMA, or on
Final Approach.

Operational Status FINAL

(changes to)

Action on CDM Operation ELDT, EIBT, TOBT and TTOT updated

(ACISP) EOBT and ETOT updated for a departure The DPI m®ce
commences (if implemented - see section 3.7.3dtails).
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Milestone 6 hded

Definition ALDT - Actual Landing Time. This is the time thah aircraft
touches down on a runway. (Equivalent to ATC ATActual Time
of Arrival landing, ACARS=0N).

Origin and priority Provided by ATC system or by ACARS from equippedraift.

Timing The information is directly available after occurce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect The occurrence of ALDT triggers an update of doveesn

estimates: TOBT and TTOT are updated automatiaailynserted
manually by the Aircraft Operator / Ground Handlegilculated on
the basis of the defined turn-round period fordbparting flight.

The EIBT can be updated according to the ALDT +EXIT

Procedures To check whether the AO/GH TOBT is
consistent with the ATC Flight Plan. CFMU is
informed when the TTOT changes by more than
the agreed TTOT tolerance.

This check shall be performed to verify
feasibility of the ATC Flight Plan given the up-
dated TOBT or ATC Flight Plan. A TTOT
tolerance is respected before CFMU is informed
on updated TTOT.

This process is triggered by
 Actual Landing Time: ALDT

Operational Status LANDED

(changes to)

Action on CDM Operation ELDT changes to ALDT, EIBT, TOBT and TTOT updated
(ACISP)
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Milestone 7 Block

Definition AIBT - Actual In-Block Time. This is the time thah aircraft
arrives in-blocks. (Equivalent to Airline/HandleTA - Actual
Time of Arrival, ACARS = IN)

Note: ACGT is considered to commence at AIBT

Origin and priority ACARS equipped aircraft or automated docking systemATC
systems (e.g. A-SMGCS) or by manual input.

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect The occurrence of AIBT should trigger an updatd@iinstream

estimates: TOBT and TTOT are updated automaticalinserted
manually by the Aircraft Operator / Ground Handtalculated on
the basis of the estimated turn-round period ferdéparting flight.

Procedures To check whether the AO/GH TOBT is consistent it ATC
Flight Plan. CFMU is informed when the TTOT chanbgsnore
than the agreed TTOT tolerance.

This check shall be performed to verify feasibiliythe ATC
Flight Plan given the updated TOBT or ATC Fligha®lA TTOT
tolerance is respected before CFMU is informed maated TTOT.

This process is triggered by
* Actual In Blocks Time: AIBT

Operational Status IN-BLOCK

(changes to)

Action on CDM Operation EIBT changes to AIBT
(ACISP) TOBT and TTOT updated
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Milestone 8 @rnd Handling Started

Definition Commence of Ground Handling Operations (ACGT).

Note: this milestone is specific to flights tha¢ dne first operation
of the day or that have been long term parkedflights that are on
a normal turn-round ACGT is considered to commeaickIBT.

Origin and priority Aircraft Operator / Ground Handler will provide thidormation.

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect The occurrence of ACGT triggers an update of doreash
estimates:

TOBT is updated automatically or inserted manulajiythe Aircraft
Operator / Ground Handler, calculated on the bafsise estimated
turn-round period for the departing flight.

Procedures To check whether the AO/GH TOBT is consistent
with the ATC Flight Plan. CFMU is informed

when the TTOT changes by more than the agreed
TTOT tolerance.

This check shall be performed to verify feasibility
of the ATC Flight Plan given the updated TOBT or
ATC Flight Plan. A TTOT tolerance is respected
before CFMU is informed on updated TTOT.

This process is triggered by
 Actual Commence of Ground Handling: ACGT

Operational Status IN-BLOCK

(changes to)

Action on CDM Operation ETTT/ TTOBT, TTOT updated
(ACISP)
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Milestone 9 nal Confirmation of the TOBT

Definition

The time at which the Aircraft Operator or Groundridler provide
their most accurate TOBT taking into account theerapional
situation.

Origin and priority

The Aircraft Operator / Ground Handler providesitifermation.

Timing

The information is provided t minutes before EOBT i a
parameter time agreed locally).

Data Quality

Accuracy is agreed locally.

Effect

The aim of the final TOBT is to give a timely, acate and reliablg
assessment of the off-block time. It is recognited main benefits
of sharing the TOBT are expected in case of digvapt(internal or|
external). In such cases, the difference betweeBTE@hared by
ATC, CFMU and Stand / Gate Management) and TOBT ima
important.

An accurate TOBT at [EOBT-t minutes] is a pre-raiei for ATC
to establish a push back / pre-departure sequé&mphasis is pu
on the need for the Aircraft Operator to integtateown strategy tq
compute a TOBT related to the flight. Following tlezeipt of the
TOBT, the ATC system will calculate and provide thstimated
Taxi-Out Time (EXOT) based on the predicted traffiad, gate
stand location, runway in use, and waiting periodhe Holding
Position, etc.

The flight is introduced into the pre-departure wate. The
Aircraft Operator / Ground Handler, in coordinatiovith the
aircrew, can manage the turn-round process acaptdiyp.

[

Procedures

To check whether the AO/GH TOBT is consistent wite ATC
Flight Plan. CFMU is informed when the TTOT chandigsmore
than the agreed TTOT tolerance.

This check should be performed at a predefined tifloeal
parameter) to confirm TOBT prior to TSAT issue awdrify
feasibility of the ATC Flight Plan estimates givéne updated
TOBT. ATTOT tolerance is respected before CFMlihfsermed on
updated TTOT.

This Milestone Process is actually constantly aablie in the CDM
Platform, as soon as a TOBT is available. Howelier donfirmed
TOBT prior to TSAT has special status, where AO/Gl¢ck the
quality of TOBT before TSAT issue.

This process is triggered by

a new TOBT or TTOT update. No need to confirm aisténg
TOBT if it has been manually modified before.

Operational Status

SEQUENCED

Action on CDM Operation

TTOT updated.
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Milestone 10 SAT Issued

Definition

The time ATC issues the Target Start Up Approvahf.i

Origin and priority

ATC

Timing The information is provided t-minutes before EOBilhere t is &
parameter agreed locally.

Data Quality Accuracy is agreed locally.

Effect The flight is stabilised into the pre-departurews=tge. The Aircrafi
Operator/ Ground Handler, in coordination with thiecrew, can
manage the turn-round process according toly.

Procedures First step: To inform all relevant partners of T@AT that has bee

allocated to the flight. The CFMU is informed by &DPI-s for non
regulated flights.

Second step: To check whether the number of TOBaigs
exceeds a tolerance defined locally, after TSATH&en issued.

First: The TSAT will indicate to the partners tlmeé when the star
up approval can be expected. CFMU will be informéith a T-DPI-
s for non regulated flights. No check is performed.

Second: A check shall be performed to see the numb&OBT
updates after TSAT has been issued. In case thdemuaf TOBT
updates exceeds a threshold, then the TOBT inpatldhbe
processed according to local procedure.

This process is triggered by
« A defined time (local parameter) before TOBT
» TOBT update after TSAT issue

t

Operational Status

(changes to)

N.A.

Action on CDM Operation
(ACISP)

TTOT updated
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Milestone 11 o&ding Starts

Definition

The gate is open for passengers to physically dtadrding
(independent of whether boarding takes place viaihridge/pier,
aircraft steps or coaching to a stand).

This is not to be confused with the time passengerpre-called to
the gate via flight information display systems[¥B) or public
address systems.

Origin and priority

Automatic from airport system or manual input by rofaft
Operator/ Ground Handler.

Timing The information is directly available after occurce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect When boarding commences it gives the Airport CDMifRas a
good indication of whether the TOBT/TSAT will bespected.

Procedures First step: To inform all relevant Airport CDM Paets of Actual

Start Boarding Time (ASBT).

Second step: To check whether boarding startsna to respect
TOBT and inform the AO/GH in case TOBT needs taipdated.

Inform of Actual Start Boarding Time (ASBT) whenatcurs. At a
certain time before TOBT (local variable e.g. cepending to
aircraft type) a check shall be performed to chéuk boarding
status.

This process is triggered by ¢ a time
variable <value> minutes before

TOBT.
Operational Status BOARDING
(changes to)
Action on CDM Operation | N.A.
(ACISP)
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Milestone 12 iréraft Ready

Definition

The time when all doors are closed, boarding briggeoved, push
back vehicle connected, ready to taxi immediat@lgrureception of
TWR instructions (ARDT).

Origin and priority

Provided by the Aircraft Operator/ Ground Handler.

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is directly available with an accuracy of Hhinhute.

Effect ATC refines the pre-departure sequence. The fight requests
start up just before TSAT, following coordinatiofitiwnthe Ground
Handler. (Dispatcher / Supervisor / Redcap).

Procedures First step: To inform all relevant Airport CDM iaers of Actual

Ready Time (ARDT) in the Airport CDM Platform arfuat the
aircraft is ready for start up / pushback.

Second step: To inform the AO/GH that TOBT has pdssd the
Airport CDM Platform has not yet received ARDT ocedtly Status
(RDY).

Inform of ARDT or RDY confirming that the flight flows the
indicated TOBT. At TOBT + tolerance the AO/GH anéormed
that TOBT has passed and there has not been astdg messag
yet.

This procedure is triggered by

* An input to the Airport CDM Platform.

U

Operational Status READY
(changes to)
Action on CDM Operation N.A.
(ACISP)
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Milestone 13 ta Up Requested

Definition The time that start up is requested (ASRT).

Origin and priority ATC (based on flight crew request).

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect ATC confirms TSAT to the flight crew in order to mt&in the

aircraft in the pro-departure sequence. Providedatitraft was
ready on time (ARDT), it is now up to ATC to assthat a
regulated flight can respect its CTOT.

Procedures First step: To inform all relevant Airport CDM Paets of Actual
Start up Request Time (ASRT) in the Airport CDM tRiam.

Second step: to alert all relevant Airport CDM Rars when no
start up has been requested inside the locallyeddF&AT tolerance
window.

Inform of ASRT when it occurs. If the start up regtiis not made
by TSAT + tolerance, the AO/GH is informed thatstart up has
been requested, and should update TOBT.

Timestamp when the tolerance window has passe&ATT

Operational Status N.A.

(changes to)

Action on CDM Operation N.A.
(ACISP)
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Milestone 14 tag Up Approved

Definition ASAT - Actual start up Approval Time. This is thme that an
aircraft receives its start up approval.

Origin and priority ATC

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect On receipt of ATC approval, the aircraft will stag, push back and

start to taxi.

Procedures First Step: All relevant Airport CDM Partners ardarmed of
Actual start up approval Time (ASAT) in the AirpotDM
Platform and that the aircraft has received stprapproval /
pushback clearance.

Second step: To check if ASAT is in accordance3$&\T and to
alert all relevant Airport CDM Partners when nafstg has been
granted.

Inform of ASAT when it occurs. In case the startagproval is not
granted at TSAT + tolerance, all relevant partiséizuld be
informed. The flight will be re-sequenced.

Start up request by flight crew (voice or DCL) dpaally defined
time around TSAT if Milestone Process 13 is omitted

Operational Status N.A.

(changes to)

Action on CDM Operation N.A.
(ACISP)
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Milestone 15 ffBlock

Definition

AOBT - Actual Off-Block Time. The time the aircraft
pushes back/vacates the parking position (Equivaden
Airline/Handler ATD - Actual Time of Departure
ACARS=0UT).

Origin and priority

ACARS equipped aircraft or automated docking systemATC
systems (e.g. A-SMGCS) or by manual input.

Timing The information is directly available after occunce of the
milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect TTOT updated considering the EXOT.

Procedures First step: To inform all relevant Airport CDM Paet's of Actual

Off-Block Time (AOBT) in the Airport CDM Platformrad that the
aircraft has commenced pushback / taxi from parkiogjtion.

Second step: To check if TTOT changes by more tihagreed
tolerance and inform CFMU.

Inform of AOBT when it occurs. AOBT always triggeaa A-DPI
message to CFMU or in the case of remote holdirgdefined time
prior to TTOT. After a first A-DPI is sent this atleshall be
performed to check TTOT updates against the TTQ8rdaace
before CFMU is informed, with a new A-DPI, of thedated TTOT.

This process is triggered by AOBT detection.

Operational Status

(changes to)

OFF-BLOCK

Action on CDM Operation
(ACISP)

AOBT recorded

Matthias Groppe
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Milestone 16 TE Flight Plan Activated

Definition ATOT - Actual Take Off Time. This is the time that
an aircraft takes off from the runway. (Equivalent
ATC ATD-Actual Time of Departure, ACARS =

OFF).
Origin and priority Provided by ATC system or from ACARS equipped aificr
Timing The information is directly available as soon asgilnle after

occurrence of the milestone.

Data Quality Data is available with an accuracy of +/-1 minute.

Effect FSA and MVT messages are sent.

Procedures To inform all relevant Airport CDM Partners abohétactual take
off.

An airborne message is generated and the fliglen®ved from the
departure sequence.

This process is triggered by Tower FDPS, A-SMG®&adar
detection or ACARS.

Operational Status DEPARTED / TAKE OFF

(changes to)

Action on CDM Operation | ATOT recorded
(ACISP)
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APPENDIX II: Fligh t Crew Survey

FLIGHT CREW SURVEY

Dear Colleagues,

As part of an ongoing research project at CRANFIELD University, | would like to invite you, to
take part in this survey sponsored by the EUROCONTROL Experimental Centre and FRAPORT
Foundation ‘Eric Becker’.

It is about SITUATIONS during your day-to-day flight operations, where the cooperation of other
parties like ramp agents, ATC, airport, flight manager, etc is required for punctual dispatch.

This survey intends to find your perspective on cooperation between your cockpit and the
other parties involved during various turn-round situations.

Cooperation from all parties involved in flight operation is viewed as an essential part of a
successful turn-round execution. Therefore, EUROCONTROL initiated the project about Airport
Collaborative Decision Making (A-CDM) with the aim of increasing punctuality at congested
airports by improved information sharing and situational awareness between all parties
involved.

This survey looks at the cockpit’s perspective on the Airport CDM project. You are asked to
assess the current level of cooperation during various turn-round situations which are seen as
critical for punctuality.

The survey contains five typical turn-round SITUATIONS. The questions for each SITUATION are
identical. That means, if you familiarize yourself with one of the proposed SITUATIONS, it is
straightforward to answer the questions in the following SITUATIONS. All SITUATIONS are just
examples. Please feel free, to add SITUATIONS from your own experience which you see as
critical for punctuality or skip SITUATIONS which you have not experienced. Answering all
guestions takes about 15 minutes time, but your experience is needed and highly appreciated!

The results from this survey will be used to review current Airport CDM procedures in order to
find a more effective way of information sharing and common situational awareness. Therefore
I would like to invite you, to share Your experience. Please bear in mind that all data is treated
anonymously.

Thank you very much in advance,

Matthias Groppe
F/O Lufthansa CityLine
Doctoral Researcher at EUROCONTROL Experimental Centre

This survey has been created with 'Z f_m
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FLIGHT CREW SURVEY

SITUATION I: You have just landed at your destination and your parking stand is still
occupied. Please recall any of your more recent diits:

n After landing

During flight
| did not encounter
a situation like this

1-5 minutes

6- 10 minutes
11 - 15 minutes
16- 20 minutes
More than 20
1-5 minutes

6- 10 minutes
11 - 15 minutes
16- 20 minutes
More than 20
Very unlikely
Unlikely

Likely

Very Likely
Daily

Weekly
Monthly
Irregularly

Competing Interests among functions Ver.y unlikely
responsible for the allocation of the parkingn Unlikely
stand such as airport, airline, or ground n Likely

handling n Very likely
Very unlikely
Unlikely
Likely

Very likely
Very unlikely
Unlikely
Likely

Very likely

When were you natified of that your parking stand & not yet
available?

How long did you have to wait for your parking stard?

What was the impact on departure delay for the flignt after the
turn-round

Do you think this delay would be avoidable througttimely
notification of 'parking stand problem® (e.g. because it allows you t
take an appropriate initiative)

=

How often does this happen

What could be the
reason(s) for this
waiting time/ delay?

Not enough parking stands available

Competence of responsible function/
individual

Any Comments?
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SITUATION II: Delay of a Ground Handling Process: Please recall your last turn-round where you encourdred such

a delay:

Please choose one event which you would like to eeto:

Baggage loading/ unloading

Airport Facilities

Ramp transfer bus (Crew or Passengers)

Wheelchair Boarding

Catering UM Boarding
Cleaning Special Loading (e.g. musical instrument)
Fuelling VIP Boarding
Check-in | cannot recall encountering a situation like {pilease
Security Other Ground Handling event
Boarding (please name)
n You were duly informed about the problem
How were you notified of the delay? You learned about it yourself, having observed thatprocess
was hot executed or you received information tée la
1-5 minutes
u 6- 10 minutes
How much delay resulted from this lack of -
information? u 11 - 15 minutes
I l 16- 20 minutes
u More than 20 minutes
u 1-5 minutes
u 6- 10 minutes
What was the impact on departure delay for the _ -
flight after the turn-round E 11 - 15 minutes
16- 20 minutes
u More than 20 minutes
u Very unlikely
Do you think this delay would be avoidable -
through timely notification of ‘ground handling u Unlikely
problems'(e.g. through taking appropriate u Likely
initiatives)?
u Very Likely
u Daily
u Weekly
How often does this happen n Monthly
u Irregularly
u Very unlikely
What could be the | competing interests amonwu Unlikel
reason(s) for this responsible functions like y
waiting time/ airport, airline, or handling u Likely
delay? service provider u -
Very likely
u Very unlikely
Not.enough resources n Unlikely
available (e.g.personnel, -
vehicles, check-in desk...) u Likely
I. Very likely
u Very unlikely
Competence of responsibhu Unlikely
function/ individual u Likely
u Very likely

Any Comments?
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SITUATION llI: You got operational changes at your destination (e.g. aircraft change, technical repajrcrew duty
changes....) Please consider your last turn-round whe you encountered such situation:

Please choose one event which you would like to eeto:

Aircraft Change

| cannot recall encountering a situation like {fplease

Technical Repair

Other Ground Handling event

Crew Duty Change (new duty roster)

(please name)

Crew Change (new crew member)

Before Departure

How were you notified of the delay?

During Flight

After Arrival at Destination

1-5 minutes

6- 10 minutes

How much additional time did you need because
of this?

11 - 15 minutes

16- 20 minutes

More than 20 minutes

1-5 minutes

Because of this, was there an impact on

6- 10 minutes

departure delay for the flight after the turn-

11 - 15 minutes

round?

16- 20 minutes

More than 20 minutes

u Very unlikely
Do you think this delay would be avoidable -
through timely notification of ‘operational u Unlikely
changes? (e.g. because it allows you to take an u Likely
appropriate initiative)
u Very Likely
| o I
u Weekly
How often does this happen u Monthly
u Irregularly
Wh d be th u Very unlikely
atcould be the | competing interests amon| ,
reason(s) for this responsible functions like u Unlikely
waiting time/ airport, airline, or handling u Likely
delay? service provider - o
Very likely
u Very unlikely
Not'enough resources u Unlikely
available (e.g.personnel, -
vehicles, check-in desk...) u Likely
I . Very likely
u Very unlikely
Competence of responsibhu Unlikely
function/ individual u Likely
u Very likely

Any Comments?
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SITUATION IV: You have yourself proposed operationd changes (e.g. via ACARS, telephone, radio...). Plearecall
your last flight or turn-round where you encountered such a situation

Your proposal was about: (please choose one situaiti)

Necessary technical repair during turnaround

| cannot recall encountering a situation like {ffease

Connecting passenger

Other Ground Handling event

Avoidance of an unnecessary Aircraft Change

(please name)

Your proposal was considered (you got an answeoan
proposal)

Consequences from your proposal:

Your proposal was not considered (no reaction am yo
proposal)

1-5 minutes

6- 10 minutes

How much extra time did you spend because
your proposal was not considered?

11 - 15 minutes

16- 20 minutes

More than 20 minutes

1-5 minutes

Because of this, was there an impact on

6- 10 minutes

departure delay for the flight after the turn-

11 - 15 minutes

round?

16- 20 minutes

More than 20 minutes

Very unlikely
Do you think this delay (if relevant) would be -
avoidable through ‘timely reaction on your Unlikely
proposal? (e.g. because it allows you to take an Likely
appropriate initiative)
Very Likely
Daily
Weekly
How often does this happen Monthly
Irregularly
Very unlikely
What could be the | competing interests amon| Uniikel
reason(s) for this responsible functions like y
waiting time/ airport, airline, or handling Likely
delay? service provider :
Very likely
Very unlikely
Not.enough resources Unlikely
available (e.g.personnel, -
vehicles, check-in desk...) Likely
Very likely
Very unlikely
Competence of responsibli Unlikely
function/ individual Likely
Very likely

Any Comments?
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GENERAL: DECISION MAKING

flight or during the turn-round?

Do you think it would be an advantage if the flightcrew is more involved in decision making for operional issues in

Yes, please give reason

No, please give reason

GENERAL: PROBLEMS DURING TURN-ROUND

If problems arise during turn-round: what do you think could be the reasons? (please rate):

Turn-Round Time too short? n Very unlikely

n Unlikely

[ o I

E Very Likely
Delays result from information overload: more Very unlikely
important information is hidden among less n Unlikely
important information? n Likel

Ikely

E Very Likely
Inappropriate distribution of responsibilities Very unlikely
(e.g. decision making...)? n Unlikely

[ o

n Very Likely
Inappropriate or insufficient communication n Very unlikely
facilities (radio, intercom...)? n Unlikely

n Likely

Other Reason?
(please name)

GENERAL INFORMATION

Please name the company you are working for:

as

How many years of experience do you have

Captain

First Officer

participation!

I would like to remind you that all information is treated completely anonymously. Many thanks for you

Matthias Groppe
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APPENDIX IlI: IATA Commonly Used Airline Delay and Diversion Codes

Numeric | Alphabetic ‘ Description

Airline Internal Codes

00 IATA has recommended that these codes are usatibydual airline to
01 develop code definition that meet their specifiguieements: e.g. 03 ‘Three-
02 class-System’ moving curtain

03 Note: At time of writing the IATA Recommendation AHKBO does NOT
04 suggest any Alphabetic Equivalents fro these codes

05

Others

06 OA NO STAND/GATE AVAILABILITY DUE TO OWN AIRLINE ACTIVITY
Schedules

09 SG SCHEDULED GROUND TIME LESS THAN DECLARED MINIMUM
Passenger and Baggage

11 PD LATE CHECK-IN; acceptance after deadline

12 PL LATE CHECK-IN; congestion in check-in area

13 PE CHECK-IN ERROR; passenger and baggage

14 PO OVERSALES; booking errors

15 PH BOARDING; discrepancies and paging, missirgckbd-in passenger

16 PS COMMERCIAL PUBLICITY; PASSENGER CONVENIENCE, VIP, press,
17 PC CATEIRINGI ORDIER; late or incorrect order givesupplier

18 PB BAGGAGE PROCESSING; sorting, etc.

Cargo and Mail

If delays caused by Mail handling can be identifisé the Mail specific codes in the next sectiahiZ9),

otherwise use the codes detailed below (21-26)

21 CD DOCUMENTATION; errors, etc.

22 CP LATEPOSITIONING

23 CcC LATE ACCEPTANCE

24 Cl INADEQUATE PACKING

25 CcoO OVERSALES; booking errors

26 CuU LATE PREPARATION IN WAREHOUSE

Mail Only

27 CE DOCUMENTATION; PACKING; etc.

28 CL LATE POSITIONING

29 CA LATE ACCEPTANCE

Aircraft and Ramp Handling

31 GD AIRCRA_FT DOCUMI_ENTATION/INACCURATE; weight and balancgeneral
declaration, pax manifest, etc.

32 GL LOADING/UNLOADING,; bulky, special load, lackf loading staff

33 GE LODADING EQUIPMENT; lack of or breakdown, e.g. cairter pallet loader,
lack of staff

34 GS SERVICING EQUIPMENT; lack or breakdown, lackstff, e.g.steps
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35 GC AIRCRAFT CLEANING

36 GF FUELLING/ DEFUELLING; fuel supplier

37 GB CATERING,; late delivery or loading

38 GU ULD, lack or serviceability

39 GT TECHNICAL EQUIPMENT,; lack or breakdown, lackstaff, e.g. push-back

Numeric | Alphabetic

Description

Technical and Aircraft Equipment

41 TD AIRCRAFT DEFECTS

42 ™ SCHEDULED MAINTENANCE; late release

43 ™ NON-SCHEDULED MAINENTANCE, special checks and/or adxhial works
beyond normal maintenance schedule

44 TS SPARES AND MAINTENANCE EQUIPMENT,; lack of ordakdown

45 TA AOG SPARES, to be carried to another station

46 TC AIRCRAFT CHANGE, for technical reasons

a7 TL STANDBY AIRCRAFT, lack of planned standby airitrfr technical reasons

48 TV SCHEDULED CABIN CONFIGURATION VERSION ADJUSTMENTS

Damage to Aircraft

DAMAGE DURING FLIGHT OPERATIONS, bird or lightning ke,

51 DF turbulence, heavy or overweight landing, colliséhmring taxing
DAMAGE DURING GROUND OPERATIONS, collisions (other thduring
52 DG taxiing), loading/off-loading damage, contaminatitowing, extreme weather

conditions

Automated Equipment Failure/ EDP (Computer System)

55 ED DEPARTURE CONTROL
56 EC CARGO PREPARATION/ DOCUMENTATION
57 EF FLIGHTPLANS
Flight Operations and Crewing
61 FP FLIGHT PLAN, late completion or change oflfli documentation
62 FF OPERATIONAL REQUIREMENTS, fuel, load alteration
LATE CREW BOARDING OR DEPARTURE PROCEDURES, other than
63 FT . . .
connection and standby (flight deck or entire crew)
FLIGHT DECK CREW SHORTAGE; sickness, awaiting standhbght time
64 FS i g .
limitations, crew meals, valid visa, health docutaénns, etc.
65 FR FLIGHT DECK CREW SPECIAL REQUEST, not within operational
requirements
LATE CABIN CREW BOARDING OR DEPARTURE PROCEDURES, other
66 FL :
than connection and standby
CABIN CREW SHORTAGE, sickness, awaiting standby, flighé limitations,
67 FC o
crew meals, valid visa, health documents, etc.
68 FA CABIN CREW ERROR OR SPECIAL REQUEST, not within operational
requirements
69 FB CAPTAINS REQUEST FOR SECURITY CHECK, extraordinary
Weather
71 wo WEATHER AT DEPARTURE STATION

Matthias Groppe
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72 wWT WEATHER AT DESTINATION STATION

73 WR WEATHER EN ROUTE OR ALTERNATE

75 Wi DE-ICING OF AIRCRAFT, removal of ice and/or snow, frpsevention
excluding unserviceable equipment

76 WS REMOVAL OF SNOW, ICE, WATER AND SAND FROM AIRPORT

77 WG GROUND HANDLING IMPARED BY ADVERSE WEATHER CONDITONS

Numeric | Alphabetic | Description

Air Traffic Flow Management Restrictions

81 AT ATFM DUE TO ATC EN-ROUTE DEMAND/CAPACITY, standd
demand/capacity problems

82 AX ATFM DUE TO ATC STAFF/EQUIPMENT EN-ROUTE, reded capacity
caused by industrial action or staff shortage aiggent failure, extraordinary
demand due to capacity reduction in neighbourieg ar

83 AE ATFM DUE TO RESTRICTION AIRPORT, airport and/amway closed due tq
obstruction, industrial action, staff shortage,ied! unrest, noise abatement,
night curfew, special flights

84 AW ATFM DUE TO WEATHER AT DESTINATION

Airport and Governmental Authorities

85 AS MANDATORY SECURITY

86 AG IMMIGRATION, CUSTOMS, HEALTH

87 AF AIRPORT FACILITIES, parking stands, ramp congestigghting, buildings,
gate limitations, etc.
RESTRICTIONS AT AIRPORT OF DESTINATION, airport and/ammway

88 AD closed due to obstruction, industrial action, ssafirtage, political unrest, noise
abatement, night curfew, special flights

89 AM RESTRICTIONS AT AIRPORT OF DEPARTURE WITH OR WITHOUT
ATFM FESTRICTIONS; including Air Traffic Services,ast-up and push-back
airport and/or runway closed due to obstructiomeather (restriction due to
weather in case of AFTM regulation only, else réfecode 71)

Reactionary

91 RL LOAD CONNECTION, awaiting load from another fitg

92 RT THROUGH CHECK-IN-ERROR, passenger and baggage

93 RA AIRCRAFT ROTATION, late arrival from another fligor previous sector

94 RS CABIN CREW ROTATION, awaiting cabin crew from ametflight

95 RC CREW ROTATION, awaiting crew from another flight (ffigdeck or entire
crew)
OPERATIONS CONTROL, rerouting, diversion, consolidatiaircraft change

96 RO .
for reasons other than technical

Miscellaneous

97 MI INDUSTRIAL ACTION WITHIN OWN AIRLINE

98 MO INDUSTRIAL ACTION OUTSIDE OWN AIRLINE, excludig ATS

99 MX NOT COVERED BY ANY OTH OTHER DEFINED CODES

Matthias Groppe
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APPENDIX IV: Currently Used Turn-round Monitoring T ools

A number of tools with real-time turn-round processenitoring capabilities are
currently available. However, none of the tools éapredictive functionalities

allowing TOBT predictions.

1 GroundStar HubControl as process monitoring tooby INFORM GmbH,
Aachen

GroundStar HubControl claims itself as a processitodng tool able to identify
factors that may negatively affect a seamless toumd and to evaluate their impact
on the turn-round operation. Characteristics of Gaititrol are:

» provision of operational transparency via significare-warning times;
» identification and prevention of bottlenecks forceaft, passenger, and

baggage handling.

According to company information, between 100 moiliand 170 million Euro of
cost is attributed to delay with one fourth thah ¢ attributed to ground handling.
HubStar describes itself as a generic producttabdelapt to any turn-round operation.

GroundStar HubControl also claims being able to itoorthe concatenation of
correlated handling tasks for turn-round flightsj\vaals and departures, to identify the
critical path and in doing so, supplying all dearssupport information required. It
detects actual delays and their reasons; delayidusaare calculated automatically. It
is able to produce warnings for predictable irragties in handling processes and to
offer various resolution options at the same time.

Figure 42 shows a possible depiction of HubContrioére all processes during turn-
round are displayed with a colour-code indicatimg tallocation of the process
according to airlines’ requirements. The right hafifthe display shows the timeline
indicating the temporal sequence and duration ef ghound handling processes.
Processes can be added or removed analogous thieenegnts of the airline. Real-

time tracking as well as process start/completrencalour-coded.

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 259



| Appendices

|5 Fight Process Chart 8=/
Arrival Departure
Flight: K. 1152 13.08.2007 STA: D7:55;13.08.07 EBA; D7:54;13.08.07 A Fight: | 1389 13.08.2007 STD: £9:35;13.08,07 B0 09:35;13.08.07 s
Processes
Type A7 (2] state Curation | Resp.Delay  Slack | I | | , 0800 | 0810 , 0820 , 0B30 , 08%0 |, D08;50 , 0900 , 0%0 , 0%20 ., 0930 | 0%40
Onblock 07:54 07:54 o 0 [ v
CargoDoorsOpenad  07:56 07:56 Minae il 0 0 18 i
Unloadng o7:56 08:29 el 3 o 18 1 |
Line Mantenance o756 09:33 IS 57 [ 0
Passenger Door Opened  07:57 07:57 ] 0 k] ¥
Deboard 07:57 08:05 8 0 3 —
Offioad Catering (Rl Finch=d | 15 0 = L]
Water Service 08:06 08:07 1 0 s ]
FirstlastBags Amval  08:08 06:09 Maicaccl| 1 0 0 (]
Fueling 08:18 08:35 7 0 58 —
Load Caterng 08:20 08:35 15 0 » =]
Cleaning 08:21 08:45 25 0 27 —_———————
Toilet Service 08:36 08:40 4 o s3 -
Gate Agentat Gate 08:39 08:39 0 0 1 [ ¥
CabinSecurity Check  03:42 08:55 13 0 18 [ ]
Cockpit CrewonBoard  08:46 08:46 0 0 7 v
CabinCrewonBoard  08:46 08:46 Midira: i 0 B v
Cabin Check [Nl Firished | 4 o 18 -
Loading 0a:54 00:3 Il 4 o @ [
Gate Door Open/Bus atGate 08:55 08:55 Mol [ [ 18 v
Actual Boarding 08:55 09:15 [REEE] i) [1] 18 T —
Transfer Bags 08:58 09:3 0 7 T R
LMC Sheet on Board 09:15 0%:15 | Planned 1] 0 18
Pushback 09:2 09:42 Confitmed 13 0 6
Passenger Door Closed  09:33 0%:33 | Planned o (1] 0
Load Sheet in Cockpit 09:38 09:33 | Planned [} 0 7@ v
CargoDoorsClosed  09:33 0%:33 | Pianned 0 0 E
All Doors Closed 09:38 09:33 = Flanned o o ]
End Of Handing 05:40 0%:40  Plenned [ o -1 ® i
Offblock 09:42 09:42 | Planned [ ] T® |
Ready Processes for fight concat KL 1152/ 1389, all procese types

FIGURE 42: GUI FOR TURN-ROUND PROCESSES (SOURCE: INFORM, 2009)

2 ALLEGRO as a process monitoring tool by LufthansaGerman Airlines

Until launch of this tool, no time-oriented infortran was available for ground
handling processes. The target of ALLEGRO was tbeganformation with focus on
timeliness of turn-round processes between in-bayak off-block time. Landside and
airside processes were analysed in order to igeméifuired measurement points
where timestamps can be set (Figure 43). The measunt points are indicated by the

little triangles.
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o b - M e PEL

FIGURE 43: DEFINED TURN-ROUND MEASUREMENT POINTS (SOURCE: LUFTHANSA, 2004)

Defined target times are flexible and include butfenes in order to incorporate
delays of preceding processes. The underlying tbagefor development of this tool
was to identify the root causes of delays.

The tool should also provide:

* a better ground handling transparency;

» the base for debriefings with operational staff;
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* the base for performance agreements with intermal external service
partners;

» the base for analyses by A/C type, by gate, by pdSition, by day of week,
etc;

» the reduction of spot checks and thereby cost vieys;

» the validation of target times; and

» the base for inductive definition of minimum groutaes.
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APPENDIX V: Further Results from Literature Study
1 Factors influencing Cooperation
1.1 Organisational Structure

Artman (1999) describes cooperative situations taam-think’ and analyses
cooperation and situation awareness within diffeteams. He demonstrated that
serial teams engage more in cooperating activiies parallel teams which can
result in problems for coordination. This is indiwith findings from Brehmer and
Svenmarck (1995) who claim that a hierarchical oiggtion of information
distribution results in a better performance tham @ganisation where all
participants can talk to everybody else. As a fbssieason for this differences in
performance levels he identifies that a centralt wilies not only collect and
organize information, but understands the overallaton and plans for

appropriate actions.

1.2 Information Sharing and Conceptual Design

Within the Computer Supported Cooperative Work (@8Cesearch initiative,
Davis (2000) studiethformation flowsas the basis for creating shared information
spaces on a web-based repository system that caseoketo support asynchronous
distributed collaborative work. He claims that ateynatic approach uses a global
perspective of information flows in the organisatwith continuous participation
of the end users. This allows him to uncover thenmex technical and

organisational requirements for effective accepgaartd use of IT tools.

Shougian et al (2003) studied models and technigiesomputer supported
cooperativeconceptual desigrfor motorcycles. Hoc et al (2002) analysed the
demands of task and function’ allocation on humatimme cooperation design
from a psychological perspective; Rogalski (199@algsed the cooperation
process and how cooperation can evolve duringitigin
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1.3 Generative Models for Cooperation among Operats

When conflict resolution in terms of operators’ ferences and values is not
possible during face-to-face or synchronous compatimn, a representation of
operators’ proposition in form of generative modelas introduced by Jameson et
al (2003). The wunderlying idea thereby is that, iryr asynchronous
communication, operators have a poor awarenessvobther operators’ tackle the
problems that they jointly face because of the riehe difficulties of the media
typically available during asynchronous communaatiDuring such situations, a
computational model of operators’ relevant beligieferences, motivations, and
other relevant properties aperators’ representativehould be used (Figure 44).

1 1 T

/\ N

N, \i

/\

FIGURE 44: GENERATIVE PREFERENCES MODEL (SOURCE: JAMESON ET AL, 2003)

1.4 Influence of Explanation on Cooperation

Karsenty et al (1995) emphasized the roleeaplanationfor the study of
cooperation where little consideration has beencguaso far and studied
explanation in cooperation via human-human cooperatialogues. Gregor (2000)
catches up with explanations for the analysis @& rible of explanation when
knowledge-based systems are used for cooperatdeeon solving. Both argue in

favour of an increased need for explanation.

1.5 Human-Computer Interaction and Cooperation

Focus of the Computer Supported Cooperative WoQ®) research has been
placed on the interaction design and decision swppio was recognized that
cooperation theories and modadse an important aid for CSCW systems. Most
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central there are théctivity Theory Action/Interaction Theory Coordination
Theory theTask Manager Modebnd theObject-Oriented Activity Support Model
(De Farias et al, 1999). De Farias denotes thaetkdéferent models and theories
have a set of common concepts and uses these catitiesrfor developing a new
model based on these similarities and strengths. idiantified generic concepts
among all models include activities, actors, s&vj@and information which should

be used to develop cooperative systems.

1.6. The Role of Performance Metrics for Cooperatio

Performance metricean be useful for favouring cooperation and dgvaperators’
behaviour. E.g., during turn-round management AT\ delay codes are used as
performance metrics. These however, do not showoapte characteristics to
foster cooperation across participating functide@: ROI (2004) it is crucial that
performance measures shouldHmizontally and notvertically integrated and be
linked with the company's mission, vision, and eatuwoposition. They should also
be actionable and within that manager's span oftr@onHence, if vertical
integration of metrics prevails, all the measurésuxcess for a supplier are only
aligned alongtraditional functional lines. However, if horizontal integiati of
metrics is present the measures of success forrem laok across functional
boundaries to search for the effect on a processwasole. Usage of horizontally
integrated metrics can prevent sub-optimizatiorségking to measure the success
of a function by its impact on the process as alevHut this raises the question of
what to measure during process management. E.gcanwuppliers be aware what
their contribution is to accomplishing the objectivesitd company?

1.7 Cooperation via Cascading Key Performance Indators

ROI (2004) propose the implementation of a techmigalled ‘KPI cascade’.
This should ensure that measures which are reqturextcomplish the mission,
vision, and value proposition of the organisatiarg in place at all levels allowing
a company to eliminate metrics that no longer haalae. ROI identifies a number

of advantages resulting from suitable performanetios:

» avoidance of sub-optimization;
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» alignment within and between functional areas;

» understanding of what is and whanhist important to achieve the company
objectives;

* a"holographic" set of measures describing thethedla process; and

* measures that are actionable and assigned at phepaiate level.

Cascading KPIshave been proposed by ROI (2004) that are ablenkothe
performance management strategies of the compatiyese KPIs. In such way,
they create a process that is suitable for dkerall outcome and not just the
outcome of a single supporting process. E.g. th€DM key performance
indicators could be cascaded into particularizedsKihus set the latter KPIs and
target them to the processes and procedures thailede to the overall success.
Such form of cultural change with KPIs primarilyr fthe whole company will
require compensation processes for the supplyingpenies and also requires
performance levels allowing the supplying compataesieet their own objectives.
Miller (1996) proposes to use causal relationshipsorder to make supplying
companies comprehend the overall goal and the mgdmghind the importance of
the key performance indicators.

1.8 Influence of the Goal Structure on Cooperation

Nezamirad et al. (2005) proposed a model that dedwall individual actors’ and
operators’ goals, tasks, and resources towardsdtabdlishment of group goals and
group tasks. Figure 46 shows a possible applicaifathis model to A-CDM and
TOBT prediction. This representation allows an gsial of goal structures as an
iterative refinement process: first, all participgt operators’ local goals towards
the collaborative goal have to be identified (Feydb). The results should then be
used to analyse how these local goals influenceottegall goals and the global
goal. The local goals should be continuously rergef using the underlying sub-
goals of each participating operator. This allow#igg a more realistic view on the
individual operators’ goals which in turn influenitee group goals. Using this form
of analysis helps to identify the sub-goals whiavérnegative or positive impact

on the global goal or group goals.
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Furthermore, this approach combined with the casgguerformance indicators
as proposed in Sub-Chapter 1.7 may allow idengfyimow the local operators’

goals can look like and how the global goal camadtgeved:
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FIGURE 45: COOPERATION MODEL ANALOGOUS NEZAMIRAD (2 005) APPLIED TO A-CDM

——

As cooperation continues, operators identify groggals based on their
individual goals and group knowledge. As the mansge of a process is
dynamically entwined with the elaboration and memaince of group knowledge,
the goal structures are dynamic, e.g. focus ofgadl-C1 shifts the importance of
sub-goal C2 which again may change the outcoméhefgtobal goal. Also the
relationship between the group and individual gstalictures is a recursive and
cooperative process, e.g. as global goal changes,ndividual goals may be

amended or revised.

Operators work together at different levels andanf@iof work. When looking at
different levels of abstraction towards a procegsal structures and therefore
cooperative activities are different for each ditnrawhich again has consequences
on the overall global goal. Nezamirad et al (2083)phasizes the importance that
operators are aware of goals of other participantorder to allow them to

anticipate events or to plan resources.
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1.9 The Different Levels of Cooperation

Ferber (1995) discusses cooperation as only possible category of human-
human interaction situation (micro-level analysisjowever, focus can also be
applied on the social-organisational and crosstfanal organisational aspects
during interaction situations (macro-level analysig/pical characteristics here are
e.g. the cognitive factors related to common gaafjencing operators’ goals by
other operators, control issues, types- and maafet®mmunication, influence of
knowledge based behaviour on other operators,eordle of incentives. A macro-
level situation results from combinations of mi¢evel situations with emergent
characteristics (Figure 46) where again the maituatson imposes social

constraints on the micro-level situation (Ferb&93).

Macro-Situation

Social Al A2 Emergent

Constraints Characteristics
A3 A4
N

A5
Micro-Situations

FIGURE 46: RELATION BETWEEN COOPERATION SITUATIONS (SOURCE: FERBER, 1995)

1.10 Further Aspects on Cooperation

Most theories about cooperation have looked at itfterest of actors to
cooperate with other actors (e.g. Axelrod, 1984@mmunication in groups or
teams (Stoetzel, 1978; Hoc, 2004). Research withiiti-agent systems however
looks to cognitive aspects and behavioural aspecsired for implementation of
cooperative acting (Demazeau and Mueller, 1991;fdeuet al, 1987; Galliers,
1991, Castelfranchi and Conte, 1991; Bouron, 1992).

The notion of cross-organisational cooperation eases a holistic aspect of
cooperation. While at task execution or human-humsaraction level cooperation
emerges from goal, motive, and the instrumentaditmm (Leontyev, 1959), the
holistic perspective of cross-organisational coapen includes also other
influences. According to ROI (2004), three compdsaee required for successful

management across functions and organisationsidimg) appropriate management
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performance metrics, periodic cross-functional nganaent meetings, and inter-
organisational communication channels. Thereby,r@ssefunctional system is
defined asa ‘coalitional structure whose member groups mamtéeir separate
identities and, if relevant, different goals, yempmoy either some formal
organisation or informal collaboration for joint desion making or problem
solving’ (Cummings, 1984). Such a coalitional structure loarfound during turn-
round management decision making.

Studies by Winograd and Flores (1986), and Such{h®87) started to provide
radically different orientations for HCI with thetroduction of new ideas of how to
think about the design of computer systems. Framkesnitke the activity theory,
originating in Soviet psychology, have also beepliad for interface design. With
the emergence of the Computer Supported Cooperdiimk (CSCW) as a new
field in the mid 80’s, the HCI community realizeldetneed to support groups of
people communicating and working together, butraititake cognitive perspectives
into account. Inspired by Suchman’s work, sciestssairted to conduct ethnographic
studies of technology-mediated collaborative waelg( studies of Suchman and
Trigg, 1991). The main findings of these studiesvatd how important informal
working practices can be for the coordinating warkl managing of unanticipated

events.

Piaget (1965) distinguishes between cooperatiom $eem a structural (e.g.
network organisation) and functional point of viamd looks at cooperation as
activities performed by individuals within a team feal time. Two minimal
conditions must be met in cooperative situatiordy: gach of the actors strives
towards goals and can interfere with other actons gmals, resources, and
procedures. (2) Each actor tries to manage inentes to facilitate individual
activities or common tasks. Both conditions aremextessarily symmetric, because
goal orientation or interference management depmndndividual behaviour or

time constraints.

In the context of Air Traffic Management (ATM) H@2001) argues that current
ATM is more concerned with operators’ plans, goalsrole allocation than with
common situational awareness. Lee (2005) determsiemtional awareness,

responsibilities and control, time, workload, aradety constraints as key factors
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driving collaborative behaviour in air traffic cook operation:To have proper

awareness of the situation, a controller and/oghli crew needs to initiate or be
informed of actions taken by other operatoMevertheless, time pressure and
safety issues have negative effect on communicdtédraviour and therefore also

on cooperation or common situational awareness.

Collaborative Decision Making meaagplying principles of individual decision
making on groups, whereby groups are establisheth ilhe aim to show
collectively a specific behaviour (Jennings et @p01) This implies that
cooperation of participating individuals should eneficial for CDM operation,
also in air transport management. How does a catpe working environment
look like on a day-to-day basis? Cooperation dagde variety of connotations in
everyday usage (Schmidt, 19980 people only cooperate, if they are mutually
dependant in their work? Is mutual dependency dafit for cooperation to
emerge? In context of CDM operation, confrontatemmd the combination of
different perspectives of cooperation is an isshew is the flight crew’s
perspective embedded in the current CDM approadr? Jehmidt (1994), the
multifarious nature of a task can be matched by dpelication of multiple
perspectives on a given problem via articulation tbése perspectives and

transforming/ translating information from diffetedomains.
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2 Aspects of Distributed Cognition and DistributedDecision Making
2.1 Introduction

The Distributed Cognition theory was used to maldelA-CDM work system (See
Chapter 4). This approach showed potential not tmnalyse, how coordination and
cooperation of the various subsystems during iefgddent work practices are
established or how information is currently shanetthin the system, but also allowed
to include theenvironments a factor influencing the individuals when exgxutheir

tasks.

Another prevailing advantage dfistributed cognitionis that the theory can
accommodate the rich variety of systems and meath@réent in organisations’ or
groups’ cognitive processes like within A-CDM. Sinthe unit of analysis is not
committed to a fixed value, the entire system candbcomposed into the smaller,
functional groups. However, Nardi (2002) and Rog&800) argue that analysis
towards distributed cognition approach cannot gdlyerbe used: a low-level
distributed cognition analysis will not enhance ieegring practices for building
design applications. Also the theoretical perspecits committed to ethnographical
data collection: a substantial investment is resguio actually apply the theory to any
specific issue (Hutchins, 1994; Hollan et al, 2000)

2.2 The Distributed Cognition Theory

Distributed Cognition is a hybrid approach to siandyall aspects of cognition, from
a cognitive, socialand organisational perspective. It attempts to undecsthow
cognitive phenomena are distributed across indalgland artefacts (e.g. how tools
like computers can be used for solving problenmigmiphasizes the fact that cognition
does not lie strictly within the individual, butsiead is an emergent, distributed
activity, performed by people with tools, withiretisontext of a team or organisation,
in an evolved cultural context. Because of its foon thewholeenvironment, it gives
the theory a special role in understanding inteastbetween people and technology.
This includeswhat people do anthow they coordinate activities in their environment,
and so provides a radical reorientation about thsigth and support of human-

computer interactions.

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 271



| Appendices

2.3 Background of Distributed Cognition

Distributed cognition was developed in the mid 198y Edwin Hutchins at the
University of California, San Diego astleoretical and methodological framework
While the traditional view saw cognition aslacalized phenomenon that is best
explained in terms of information processing at ldweel of the individual interacting
with applications derived from decomposition of wactivities into individual tasks,
Hutchins argues that cognition does not striciyWiithin the individual. Distributed
cognition tends to reach of what is considered ttimgnbeyondthe individual to
encompass interactions between people with respumled materials in the

environment.

The theoretical and methodological approachessiiloited cognition derive from
cognitive sciences, cognitive anthropology, and #wuoxial sciences. Traditional
frameworks however were developed separately fespeactive disciplines (cognitive,
social, and organisational). Therefore, they do pavide an adequate means of
studying dynamics of collaborative activities inusiAs a consequence, distributed
cognition emerged from this need to better undedstthe dynamics of human-
computer interaction within a complex networked Maf information and computer-

mediated interactions (Hollan et al, 2000).

After the theory was established, the challengetoastegrate concepts from social
and organisational sciences with the cognitiveyaialof micro-level descriptions from
individuals’ interactions. Even with the distribdteognition approach has been able to
provide analysis for problems experienced by imtiliai users of awkward-to-use
interfaces, the lack of consideration on those lprab has led to a HCI design that is
unable to support people using computer-basedaitien systems. For Hollan et al
(2000) this new approach is a radical reorientatibhow to think about designing and
supporting HCIs during complex tasks, and how tsuem human-centred focus. Such
support should be achieved by extending the scbffeeaognitive perspective beyond
the individual to comprise human-human interactiavith resources in such an
environment in which people pursue their goalsaltaboration with elements of the

social and material world.
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The distributed cognition approach can also beindjgished from others by its
commitment to two principles: it looks for cogniiprocesses on the basis of the
functional relationships of elements (e.g. a process is aghitive simply because it
happens in a brain, nor is a process non-cogndingly because it happens in the
interaction among many brains). Second principlacemns therange distributed
cognition does not limit cognitive events to resatean individual only, but also the
physical environment of thinking or material wordéin reorganize the distributed

cognitive system.
Hollan et al (2000) describe three kinds of disttikn of the cognitive process:

= Cognitive processes may be distributed across tembars of a social
group.
= Cognitive processes may involve coordination betwiagernal and external

(material or environmental) structure.

= Processes may be distributed through time in sweayathat the products of

earlier events can transform the nature of latentsy

The first tenet okocially distributedcognition was already determined in the 1970s
by Roberts (Hollan et al, 2000) and studied by rmblogists, sociologists, and
artificial intelligence researchers. This approattidied a social organisation itself as a
cognitive architecture with the consequence thanitmn of an individual is also
distributed. According to Hollan et al (2000), tiew approach to distributed cognition
however integrates phenomena that emerge in siotghctions with interactions of
people and structure in their environment. He hggité three fundamental questions in
this context: (1) how are the cognitive proces$es tve normally associate with an
individual mind implemented in a group of individsiaand (2) how are the cognitive
properties of groups differing from the cognitiveoperties of the people who act in
those groups, and (3) how are the cognitive prasedf individuals minds affected by

participation in group activities.

The second tenet is the approach that cognitian énbodiedohenomenon and not
an incidental matter. This approach is increasisgigported by Brooks (1991), Kirsh
(1991), and Lakoff (1999) who emphasize the refetibetween internal and external
processes. Such relations involve coordination atyrdifferent time scales between
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internal resources like memory, attention, and resle resources like objects or

artefacts.

The third tenet is thastudies of culture cannot be separategdm studies of
cognition. While on one hand culture emerges outhoiman activities in their
historical context, on the other hand culture skagagnitive processes through the
history of material artefacts and social practi@gstchins, 1994). As a result, culture
cannot be isolated or separated from cognitionssndhapes the cognitive processes
of systems that transcend the boundaries of indalgl (Hutchins, 1994). This
includes the notion that the environment const#tude a reservoir of resources for

learning, problem solving, and reasoning.

2.4 Distributed Cognition as Integrated Framework br Research

For the research in cognitive science and the desfgnew forms of human-
computer interactions, Hollan et al (2000) propamesntegrated research framework
which puts together the core principles of the thewith classes of phenomena that
serve the relations with these principles as aenake of an completed integrated

research system (Figure 47).

DISTRIBUTED COGNITION > ETHNOGRAPHY

A

Y y
EXPERIMENT | E— WORK MATERIALS

FIGURE 47: INTEGRATED RESEARCH ACTIVITY MAP (SOURCE : HOLLAN ET AL, 2000)

WORKPLACES

Core principles of an integrated framework incledg:

» people which establish and coordinate differentesymf structure in their
environment;

* maintaining coordination requires an effort; and

» social organisations hold improved dynamics of dbgn load-balancing

available.

These principles are used to identify classes oénpmena via cognitive

ethnography e.g. (1) information flow or cognitipeperties, to make experiments, or
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(2) for demonstrating the impact of changes, witeeedistributed cognition principles,
the ethnographic data, and the experiments mutoafigtrain each other.

2.5 Methods used by the Framework of Distributed Cgnition

An analysis using the Distributed Cognition Framgivoomprises a number of
different methods ranging from detailed analyses wideo or audio recordings of real
life events to neural network simulations and labany experiments. The method used
for analysis depends on the unit of analysis aadetel at which a cognitive system is

being explained.

A proper analysis requires focus on the relationd mteractions between the
individual and the artefacts, and a profound knoye of analysed system domain.
This entails going to the workplace and spendingetdetermining and analysing the
problems with the existing technology and work picas (Rogers, 1994). The central
unit of analysis is th&unctional systemvhich essentially is a collection of individuals
and artefacts as well as their relations to eatleroin a particular work practice
(Rogers et al, 1994). However, it is possible topmddifferent units of analysis to
describe a range of cognitive systems; whereby sarhsume others (Hutchins, 1995).
Focus is on the nature of distributed activitieswhs information propagated through
and across artefacts, and how is knowledge tratesihrietween individual members of

a team or group.

A distributed cognition analysis requires also rereased attention on thbstract
functional relations in order to develop a framewdor modelling and design
(Rasmussen et al, 1994). Traditionally work systamesanalysed by using a structural
perspective which focuses on a causal interactioong parts. That means elements of
analysis are arranged in cause-and-effect chaithshencharacteristics are determined
by their output. This way may be true for machirmesyever human actors do not have
such stable input-output characteristics becausenaha may change their
characteristics or behaviour, and modelling humachme systems cannot be
accomplished in isolation. This means, in ordemniderstand system behaviour where
humans are involved, thentire systenias to be contemplated and structural elements
of the system have to be abstracted at a pdusigtional levelin order to identify
functional relations. Additionally, in order to nmakthe functional relation more
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effective, the actor should not be assigned toipdi=haviour, but a space bounded
by the goal and resource constraints (Rasmuss#nl&io4).

Other issues which constitute important propertieslistributed cognition are the
access to information and dynamic aspects of #etvishared access together with
shared knowledge is the basis for coordinated m&tibhereby the means of knowledge
propagation is focusing on dynamic aspects of thiaes rather than static entities.
Rogers (1994) emphasizes the need to describergaising detail the seemingly trivial
and usually taken for granted aspects of interastionicro-level analysis) since they
often play a crucial role in coordination of worktigities. Additionally there are
always situations emerging during day-to-day waglkactivities where the members of
the group are required to carry out additional $agkis results in new coordination

procedures giving additional aspects on the camgdnteractions.

2.6 Related Research Using the Distributed CognittoFramework

A wide spectrum of approaches to apply distributegdnition can be found having
analysed cognitive phenomena. Most of the atterftemfocused on cognitive systems
of work practices, e.g. engineering, cockpits, stapigation, software development in
order to design interfaces between humans andfoahs and computers (e.g. Burns,
2000; Burns, Bryant and Chalmers, 2000; Dinadis dicgnte, 1999; Gualtieri, EIm,
Potter and Roth, 2001).

2.7 Summary and Discussion

A general advantage of the distributed cognitioprapch is that it provides a
framework and analytic method for examining theenattions between people and
artefacts which is not possible with traditionapegaches to cognitive task analyses
(Roger, 1994). Prevailing thereby is the advanthgethe theory can accommodate the
rich variety of systems and media inherent in aganisation’s or groups cognitive
processes. Complex interdependencies between paagleeople and artefacts in their
collaborative activities can be highlighted, andcsi the unit of analysis is not
committed to a fixed value, the entire system candbcomposed into the smaller,

functional groups that make it up. As a resultpsegly trivial communication failures
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or interaction problems can be detected havingifgignt and sometimes dramatic
consequences for the operation of a system.
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APPENDIX VI: The CWA and Critical Aspects for Appli cation to A-CDM

1 Characteristics of the CWA

Cognitive Work Analysis has a number of charadiegswhich distinguish CWA

from other forms of analysis. These include:

» Formative Approacha formative analysis intends to identify the teslbgical and
organisational requirements that need to be sadisfn order to create interfaces
able to support work effectively. It focuses on mtidg work constraints instead
of design of devices. This means, it looks on tlag thinks could be done, rather
than should be done like the normative approacbndhe way how things are like
the descriptive approactnderstanding the structure of work leads to suging
work at the level of structure, which rarely chasgand suggests structural
changes that radically improve the worZicente, 1999). A formative approach is
also model based which means it allows for flekjpé&ind continuing evolution of
work practices, rather than building in a fixed andrrow work flow. As a
consequence, interface device structure supportkews natural movement
through his work and is flexible enough to allove timvention of new ways of

working (Beyer and Holtzblatt, 1998 in Vicente).

* Flexible Adaptive ActiarDue to the demands of a complex socio-technigsem,
unexpected situations occur, where workers mugtores with adaptive, problem
solving behaviour tailored to the local contexg.Eluring turn-round management,
actors are faced with such situations and do nue leppropriate support from
computer-based information systems. CWA emphasinesiterface design which

is able to support actors during such unpredictabingencies.

* Ecological PerspectiveCWA is based on an ecological approach which gives
primary importance to the constraints imposed kg ¢hvironment on workers’
actions. This is in contrast to the more popularaach where focus is applied on
the constraints of the human cognitive system. Bliese constraints are relevant
as well, the design process for CWA starts withsteration of the ecological
constraints (Flach, 1990; Hancock et.a., 1988).
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» Activity independentThe first phase of the CWA is the Work Domain Asséd as
an activity independent form of analysis which feesi on the functional structure
of the work domain rather than the activities witthe domain. This is achieved by
mapping out the functional, but activity indepenid@moperties of the work domain

at five levels of abstraction and multiple levelslecomposition.

* Revolutionary DesignSince evolutionary design is based on the anabfsisirrent
practices leading to a design that supports thattioe, revolutionary design
however creates opportunities for the developméntew and more efficient work
practices.

» Practicality for unanticipated situation€€WA incorporates an analysis approach
which is able to handle unpredictable events, bexat is able to reveal the

intentional as well as the physical constraintactions.

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 279



| Appendices

2 The CWA — Control Task Analysis and Decision Laddr
A. Description of the Decision Ladder

Rasmussen et al (1994) proposes the decision Igétguire 48) as a modelling
template for control tasks. He has developed thasaa ladder based on his field

studies on operators from nuclear industry.

QUALITY
MEASURES

States of knowledge resulting
from data processing
Data-processing GOALS
activities

Compare options and choose

CHOSEN
GOAL

Interpret the consequences of the chosen goal
with respect to the target system state

TARGET DESIRED STATE WHICH WILL FULFILL
STATE SYSTEM GOAL

Plan what needs to be done to
bring system to target state, e.g.
Identify fasks and resources

Evaluate Performance

QUALITY MEASURE FOR
PRIORITY SETTING AND
CHOOSING AMONG
POSSIBLE TARGET STATES

AMBIGUITY OR
UNCERTAINTY ABOUT
TARGET STATE

OPTIONS

Predict future states and responses
of the present state of the system
to hypothetical acts with reference

to goals and constraints
SYSTEM
STATE
Identify State

Predict Consequences

PRESENT STATE OF
THE SYSTEM

Identify state of the
system that explains the
set of observations

Define Task

WHAT NEEDS TO BE DONE

DIRECTLY
OBSERVABLE INFORMATION TO _I?ZI?NGGE?YSiErI\I/EI TO
INFORMATION
Observe information/ data Observe Formulate Plan the steps required to
present in the environment Information/ Data Procedure perform the task

WHAT IS THE
SEQUENCE OF STEPS

Shunt
NEED FOR ACTION

Detect need for action Activation Execution Execute the steps

PROCEDURE

FIGURE 48: RASSMUSSEN’S DECISION LADDER (SOURCE: NAIKAR, 2006)

The decision ladder is able to identify the contratks. The boxes represent
information-processing activities; the ovals représhe states of knowledge that are

the results or outputs of these activities. Thewasrin the centre of the decision ladder
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allow shortcuts from one part of the decision laddeanother. While shunts connect
an information-processing activity to a state obkiedge, leaps connect two states of
knowledge. This indicates that two states of knolgéecan be directly associated with
each other. Rasmussen (1994) and Vicente (1998jibles variety of other shortcuts.

The decision ladder can be divided in three pahalerstanding the system state with
related control tasks (left side), goal evaluatwith related control tasks (top), and

achieving the goals with related control tasks hfrigide). Observations of the

information or data present in the environmentregeessary in order to achieve the
required knowledge about the system state. Whiheeseystem states may allow to

shortcut to directly execute procedures or tasksgrooccasions require evaluation of
the target state against the different optionslalvks.

The advantages of the decision ladder comparedrdditiobnal information

processing for decision support include:

» Shortcuts which allow following the decision laddirectly to the knowledge
states which are suitable to the specific situatitstead of fixed decision
nodes.

* The decision ladder accommodates various stareadgoints, and

* The decision ladder allows choosing the sequencoltdwing the ladder

where information processing paths can be estadighall directions.

Traditional approaches however require followinigsgps in a linear sequence, but
the order is not always necessary to be followettiénparticular situation. E.g. experts
are able to recognize situations and as a consegutake efficient shortcuts or even
move from right to leftafter task definition is completetExpertise is the ability to
compose a process needed for a specific task &tj@ence of familiar subroutines
that are useful in different context§Rasmussen, 1976). This means by using their
‘subroutines’ as a ‘collection of tricks’, exper&gtively generate a contextually
tailored sequence of cognitive activities whictappropriate for the present situation
(Dreyfus and Dreyfus, 1988).

The decision ladder can then be used for each fworstion in order to find the

associated control task. As applied to the contxdativity template (Figure 49), it

Matthias Groppe InfluenoesAircraft TOBT Prediction Accuracy 281



| Appendices

shows the qualitatively different sets of cognitidemands on actors which are
imposed during the different situations:

WORK Work Situation 1 Work Situation 2 Work Situation 3 Work Situation 4
SYSTEM
Work Function
A

Work Function
B

Work Function
C

Work Function
D

Work Function
E

Work Function
F

FIGURE 49: CONTEXTUAL ACTIVITY TEMPLATE WITH CONTRO L TASKS

B. Critical Aspects of the Decision Ladder whenlegapto Turn-round Control

Even with all steps identified where decisionsraguired during turn-round it still
has to be questioned whether the decision laddeseful for decisions as they have to
be made during turn-round control. Initially the aeb was developed for describing
problem solving of operators in nuclear power plaoritrol rooms (Rasmussen, 1985).
It has now to be demonstrated that the model caappéed as a formal tool for the
specification of control structures prevailing ehgyiturn-round decision making. E.g.
Lind (1986) argues that Rasmussen’s decision moaelalso be used for decision
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support when designing Advanced Knowledge Basete8yarchitectures. He shows
how the decision model integrates rule-based pnotdelving support for planning
and decision making, as well as knowledge-basedmtiporresponding to the deeper
knowledge corresponding to Rasmussen’s theory of taomake distinctions among
human performance. This makes the model usefuplmmning the use of different
types of knowledge in problem solving. He arguest the model can also be used
either in a normative way via specifying the tasksolved and the relation between
tasks, or in a formalized way via representing kieolge to be used for control of the
system. However, the strategy used for decisionimyalepends on the knowledge
owned by the decision maker. This in turn defirtes information requirements for

analysis of the situation.

However, Lind (1986) also argues that the decidamder does not specify all
aspects required in order to use it as a formalidedsion aid: Instead of fully
describing the information flow during decision nmak the model only describes the
flow of control from task to task. This is alsodrior the diagnostic process: if the
overall target state is not known, it is not poksito determine the proper level of
system state that would allow taking the propodadchsor leap. Another problem is
that the knowledge as the basis for decision makimgnges over time and so the
decisions made. Therefore a formalized way of dacisnaking where each decision
task corresponds to an information process whighiegpfor the knowledge presently
available should be considered. Furthermore, tlugside making based on rules or
knowledge is not entirely represented in the modgfferent decisions require
different level of knowledge that must be represdnn the flow of data to support
decision making. But what if the decision cannotnb&de due to lack of sufficient
information?

Since turn-round management has characteristicke@sion making as described
by Lind with often unknown target states, changikigowledge, and lack of
information, the decision ladder was not used talehdhe control task as they were

identified in the critical path of turn-round event
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3 The CWA - Strategies Analysis

A. Introduction

The third stage of the CWA identifies how the difflet tasks can be conducted
involving the identification of strategies that wers might employ when performing
the control tasks. During this phase of analydis, focus is applied othe waysof
performing the control tasks. The analysis candreede.g. by using information flow
maps to identify different cognitive procedurestthee possible during control tasks

execution.

The strategies adopted by actors under a spediiat®n may vary significantly
depending on the actor’'s work demand level. Thismsethat different agents may
perform work in different ways depending on theiaiton and strategies depend on
variables like knowledge level, experience, tragniwork load, and familiarity with
the given situation. As a consequence, actors nmaeghh use different strategies at

different occasions.

While during CTA it has been identified what deois have to be made, it is the
scope of the Strategies Analysis to describe haseldecisions can be made and what
alternatives courses of actions are available. L{1€@95) describes the difference

between these two phases of analysis (Figure 50):

Information
Processing
Activity

Control Task Analysis

Strategies Analysis
Strategy A

@ > Strategy B

Strategy C

FIGURE 50: COMPARISON OF CONTROL TASK AND STRATEGIE S ANALYSES (SOURCE: LUCE, 1995)
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If the decision ladder is applied to the CTA, ipmesents the information processing

activities which result in the outputs by using thierent strategies, because there are
often multiple ways of solving a task. The stragsganalysis tries now to identify each

of the possible strategies that can be used tagedailored support to each strategy
(Vicente, 1999).

B. Methods of Strategy Analysis

Vicente (1999) compares two contrasting approadbedefine strategy. While
Payne et al (1993) defines strategy as applicatidenowledge transformation onto a
particular decision problem, Rasmussen (1981) vibeknowledge transformation as
a category of cognitive task procedures. The furetdal difference with Rasmussen’s
approach is that he sees strategy as a categgmpoédures (Rasmussen), compared
to an instance of a procedure (Payne et al). Thieenying reason for Rasmussen’s
definition is the inherent variability across drat situations and therefore the
idiosyncratic characteristics of cognitive procetuand behaviours used by actors.
Therefore, a detailed strategy description may lrdsua normative way of work
analysis only with the limitations of the ‘one righvay rather than context-
conditioned variability required during complex amdexpected decision making
situations. The definition of ‘categories’ of cotgwé procedures with action sequences
as instantiation of a category should help to sslveh problems, because a detailed
level of description is not very useful for desigine definition of categories however

offer a bounded, but infinite number of action s=wes.

Rasmussen (1981) proposes information flow mapdeseribe such categories of
cognitive task procedures. Vicente (1999) distisgas topographic and symptomatic
search strategies, where topographic strategiesdaedized process representations
from which particular instances of action sequerzas be generated. Symptomatic
problem solving strategies can be ‘pattern recagmidriven where actor recognizes a
pattern of familiar data, ‘decision table’ drivein@re actor relies on a number of state
models that are used to associate a particular mkdtarn with a particular state, or
‘hypothesis-and-test’ driven where actor uses aothgsis about the particular state

derived from earlier applications or other seatchtsgies.
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Vicente (1999) points out that information flow nsapre not yet exist as a
modelling tool like the decision ladder, but asemeric and context-specific tool to
model strategies. Information required to condustrategy analysis should be derived
from descriptive field studies, an a priori anadysf actions required by study of the
work domain, and then identify the degree of fremdassociated with particular
classes of situations using a control task analysisally, Vicente (1999, p.234)

proposes also operational research models forifabation of strategies.

C. Critical Review of the Strategies Analysis fpplcation to Turn-Round
Managment

A review of the degree of freedom as proposed lmeiie (1999) reveals that each
decision of one function within the critical turoemd path can have significant
influence on other functions within the sequentiah-round processes. As a result,
the outcome of an individual decision from one tioit propagates to other functions
and so influences decision makers who have to bwomdthe outcomes of other
decisions. However, performing a Strategies Analysioes not incorporate
interdependencies between strategies as they apdiecdpduring turn-round
management. Even if a strategy analysis shows laiwitees may be executed by
using the various options, it does not automatchik the neighbouring tasks or
strategies from other participating decision makers global activity of an overall
optimum turn-round management strategy. Theref®en from such an overall turn-
round operation perspective, the advantage of aicgedelivery for one service
provider could be a disadvantage for another serpvider. For example, the
catering trolleys can block the working space ftganing personnel when moved
through aircraft cabin and vice versa. As a conseqge, only local optimum strategies
can be identified, if the strategies analysis induwted separately for an individual

participating decision maker using the decisioré&d

Also, even consistently taking into account thest@ints from other participants
does not automatically result in a global optimwmiround strategy. Since actors
have the tendency to switch strategies dependinghein cognitive load it is also
difficult to predict shifts in their strategies @énte, 1999). As a consequence,
coordination of a very large number of possiblatsigies is necessary to provide an
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intelligent decision support for such situationsisI'suggests that a strategy analysis
for the purpose here should first identify the mfation requirements associated with
each of the strategies so that a conceptualizepgosupf information can be offered
allowing a centralized decision making of turn-rdwperation and TOBT predictions.
Such approach is able to provide formalized infdromasupport in a tailored manner

for all participating decision makers.

D. Possible Application of a Strategies Analysithi® A-CDM work system

As outlined before, a number of decision makersiavelved in TOBT decision
making with each participant having its own strgtégr tackling problems as they
arise within their local environment. As a cons&aee, even with information flow
maps as proposed by Vicente (1999), participaticipra only receive support for
possible local strategies. It is therefore proposedse an approach where a single
turn-round manager is responsible for the overalin-tound strategy and
communicates this strategy to all actors involvAd. a consequence, actors’ task
definitions are based on the turn-round managémategyy. However, it has also to be
considered that actors may switch their individstahtegies for task execution based
on their cognitive load, performance levels, catiflig interests, or sudden shifts in

the environment.

For achieving the specific task goals, tailorefbrimation support should be
provided to all involved. Therefore the primary adfna step towards an application to
the A-CDM system should be to develop a systengtgroach of the information
requirements of each participating actors whiclovedl him to execute his task, but
also allows the decision maker to chose and puass&ategy based on the given
situation and existing constraints. This goes alovith the design implications
identified by Vicente (1999) that strategies carpiimciple be actor-independent and
can be distributed across workers and automation.

Such a significant prerequisite for decision malshguld be achieved via information
sharing by providing synchronous information supgorall participating actors for
turn-round tasks execution or required negotiati@mtween actors and turn-round
controller. The research in Computer Supported abollative Work (CSCW) has
already drawn attention to developing comprehensivelerstanding of such
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complexities in collaborative working environmentfie CSCW approach builds on a
search for an in-depth understanding of the pralctontingencies of today’s work
practices including social and organisational cein{®avis et.al, 2000). Divergent
perspectives have emerged as ‘shared informatiaeespthat provide contextual
guidance and support’ and ‘automated work flow esyst with the ability to deal with
contingencies’ (Schmidt, 1997). Davis et al (20p@poses a structure of information
sharing using a personal and group perspectivea Asvel aspect he also proposes
that the participants are organized as a cooperatisemble whether derived from a
project or functional structure, but operating watvn coordination and interaction
patterns among the participants. Such study shbeldble not only to identify the
different modes of coordination and information lexege required, but also
information sharing breakdowns and functional sysiesign specifications. As a
method of data collection for such information fl@malysis David (2000) uses a

questionnaire with questions like:

* Which tasks do you perform in relation to the pratdievelopment process?

* For each of the tasks: which documents or othe@rmétion do you need/ use?
(e.g. specifications, contracts, orders, invoipescedures, standards, etc.)

* For each of the above: where /who do you get thi®rination from
(Customers, colleagues, other departments, datsla@shives etc....)?

e What format is the information in? (Text/letterpreadsheets, drawings,
photos. Database-data, sound recording, videg, etc.

* How is the information transferred to you? (Coleskt post, fax, mail, oral,
phone, fileserver etc.)

e How do you sort and store this information?

e What kind of results do you produce? (Different denof documents,
approvals, controls, physical products etc...)

e Who uses the results of your work? (customer, sufibactor, supplier,
colleagues, archives, etc.)

* How are the results passed on? (automatically sequest)

* Who checks the results/ what kind of feedback do ¢et?

*  Which tools do you use for your tasks?(computeistess or /and manual ones)

*  Which of your tasks seem most time-consuming afficient?
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4 The CWA - Organisation and Co-operation Analysis

During this stage of the CWA, the distribution afigities and associated strategies
amongst the workers and artefacts within the systrould be identified. The CWA
uses the modelling tools from previous phases efftamework in order to identify
how the actors may be organized in groups or teaows,they communicate, and how
the authority relationships govern their cooperatidowever, modelling tools from
the CWA do not reflect how the individual goal stwres have influence on the
cooperative activities towards a global goal. As @WA constitutes using modelling
tools building on the constraints identified fromeyious phases of analysis with
conclusions of how cooperative interactions shdadddesigned, the CWA was not

applied for this project.

E.g. during turn-round, the operators from theeltéght domains not necessarily
work together cooperatively, increasing the needdentification of the group goals,
the cooperative processes supporting the groups goal the underlying group tasks.
The overall aim should be pursued in a way thatvallk is coordinated towards the
common goals and establishing a global goal, wééleh operator attempts to satisfy
its’ own organisational sub-goal. Goal complexige further increases with dynamic
aspects of operators’ goal scenarios: for goal eweiment, subordinate goals are
identified during task execution and operatorsasctheir immediate goals in order to
achieve the higher level goal (Hacker, 1994). Gwehtion can also follow the other
direction, where operators first become aware efptoblem, then make the highest
level of their own goal structure and construct éolevel subordinate goals during
action in order to achieve the higher level goag(Bigure 51).

Global
Goal

Sub-goals °

Co) (on) ()
P
o006 04

FIGURE 51: THE OPERATORS’ GOAL STRUCTURE (SOURCE: HACKER, 1994)
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APPENDIX VII: The Results from Games-Howell Test

The data presented in this appendix results fragames-Howell test that was used to
demonstrate the homogeneity among the experimemtipants.

Mean 95%-Confidence Interval
Dependent (0} Difference
Variable Control  (J) Control (1-J) Std Error Significance Lower Bound Upper Bound
D_TO1 1 2 -13,20000 7,01739 ,435 -34,7239 8,3239
3 -7,33333 5,83117 ,803 -25,9359 11,2693
4 -6,33333 6,94829 ,940 -27,6631 14,9965
5 -5,46667 7,02287 ,969 -27,0060 16,0727
6 -8,26667 5,93654 ,731 -27,0799 10,5466
2 1 13,20000 7,01739 ,435 -8,3239 34,7239
3 5,86667 4,76422 ,816 -9,1625 20,8958
4 6,86667 6,08062 ,865 -11,7159 25,4492
5 7,73333 6,16570 ,806 -11,1083 26,5750
6 4,93333 4,89262 ,910 -10,3827 20,2494
3 1 7,33333 5,83117 ,803 -11,2693 25,9359
2 -5,86667 4,76422 ,816 -20,8958 9,1625
4 1,00000 4,66183 1,000 -13,6860 15,6860
5 1,86667 4,77227 ,999 -13,1895 16,9228
6 -,93333 2,94898 1,000 -9,9580 8,0913
4 1 6,33333 6,94829 ,940 -14,9965 27,6631
2 -6,86667 6,08062 ,865 -25,4492 11,7159
3 -1,00000 4,66183 1,000 -15,6860 13,6860
5 ,86667 6,08694 1,000 -17,7353 19,4686
6 -1,93333 4,79298 ,998 -16,9162 13,0495
5 1 5,46667 7,02287 ,969 -16,0727 27,0060
2 -7,73333 6,16570 ,806 -26,5750 11,1083
3 -1,86667 4,77227 ,999 -16,9228 13,1895
4 -,86667 6,08694 1,000 -19,4686 17,7353
6 -2,80000 4,90047 ,992 -18,1423 12,5423
6 1 8,26667 5,93654 ,731 -10,5466 27,0799
2 -4,93333 4,89262 ,910 -20,2494 10,3827
3 ,93333 2,94898 1,000 -8,0913 9,9580
4 1,93333 4,79298 ,998 -13,0495 16,9162
5 2,80000 4,90047 ,992 -12,5423 18,1423
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D_T02 1 -15,46667 7,29092 ,309 -37,9166 6,9833
-13,93333 6,54978 314 -34,5466 6,6799
-15,73333 7,38755 ,304 -38,4465 6,9798
-11,93333 7,78733 ,647 -35,7758 11,9092
-13,53333 6,73079 ,369 -34,5593 7,4927
2 15,46667 7,29092 ,309 -6,9833 37,9166
1,53333 5,04330 1,000 -14,0558 17,1225
-,26667 6,09189 1,000 -18,8846 18,3513
3,53333 6,57098 ,994 -16,5892 23,6559
1,93333 5,27624 ,999 -14,2807 18,1474
3 13,93333 6,54978 314 -6,6799 34,5466
-1,53333 5,04330 1,000 -17,1225 14,0558
-1,80000 5,18202 ,999 -17,8478 14,2478
2,00000 5,73760 ,999 -15,8958 19,8958
,40000 4,19296 1,000 -12,4300 13,2300
4 15,73333 7,38755 ,304 -6,9798 38,4465
,26667 6,09189 1,000 -18,3513 18,8846
1,80000 5,18202 ,999 -14,2478 17,8478
3,80000 6,67804 ,992 -16,6338 24,2338
2,20000 5,40899 ,998 -14,4464 18,8464
5 11,93333 7,78733 ,647 -11,9092 35,7758
-3,53333 6,57098 ,994 -23,6559 16,5892
-2,00000 5,73760 ,999 -19,8958 15,8958
-3,80000 6,67804 ,992 -24,2338 16,6338
-1,60000 5,94338 1,000 -20,0049 16,8049
6 13,53333 6,73079 ,369 -7,4927 34,5593
-1,93333 5,27624 ,999 -18,1474 14,2807
-,40000 4,19296 1,000 -13,2300 12,4300
-2,20000 5,40899 ,998 -18,8464 14,4464
1,60000 5,94338 1,000 -16,8049 20,0049
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D_Ti11 1 -4,00000 2,28397 ,515 -11,1168 3,1168
-3,66667 1,82244 ,363 -9,2614 1,9280
-3,80000 1,96719 ,408 -9,8668 2,2668
-,06667 1,90171 1,000 -5,9190 5,7857
-,53333 1,49560 ,999 -5,1073 4,0406
2 4,00000 2,28397 ,515 -3,1168 11,1168
,33333 2,46254 1,000 -7,2438 7,9105
,20000 2,57152 1,000 -7,6812 8,0812
3,93333 2,52178 ,631 -3,8073 11,6740
3,46667 2,23152 ,636 -3,5268 10,4601
3 3,66667 1,82244 ,363 -1,9280 9,2614
-,33333 2,46254 1,000 -7,9105 7,2438
-,13333 2,17197 1,000 -6,7769 6,5103
3,60000 2,11285 ,541 -2,8586 10,0586
3,13333 1,75626 ,493 -2,2805 8,5471
4 3,80000 1,96719 ,408 -2,2668 9,8668
-,20000 2,57152 1,000 -8,0812 7,6812
,13333 2,17197 1,000 -6,5103 6,7769
3,73333 2,23891 ,563 -3,1097 10,5764
3,26667 1,90605 ,537 -2,6414 9,1747
5 ,06667 1,90171 1,000 -5,7857 5,9190
-3,93333 2,52178 ,631 -11,6740 3,8073
-3,60000 2,11285 ,541 -10,0586 2,8586
-3,73333 2,23891 ,563 -10,5764 3,1097
-,46667 1,83839 1,000 -6,1508 5,2175
6 ,53333 1,49560 ,999 -4,0406 5,1073
-3,46667 2,23152 ,636 -10,4601 3,5268
-3,13333 1,75626 ,493 -8,5471 2,2805
-3,26667 1,90605 ,537 -9,1747 2,6414
,46667 1,83839 1,000 -5,2175 6,1508
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D_T12 1 -3,26667 5,70185 ,992 -20,6958 14,1625
-7,06667 4,99759 ,719 -22,4984 8,3651
-11,53333 5,23116 ,269 -27,5975 4,5308
-5,53333 6,18318 ,945 -24,4405 13,3738
-4,53333 4,97741 ,940 -19,9123 10,8456
2 3,26667 5,70185 ,992 -14,1625 20,6958
-3,80000 4,78609 ,966 -18,5375 10,9375
-8,26667 5,02950 ,578 -23,6810 7,1477
-2,26667 6,01353 ,999 -20,6756 16,1423
-1,26667 4,76502 1,000 -15,9474 13,4141
3 7,06667 4,99759 ,719 -8,3651 22,4984
3,80000 4,78609 ,966 -10,9375 18,5375
-4,46667 4,21434 ,893 -17,3616 8,4282
1,53333 5,35045 1,000 -15,0656 18,1323
2,53333 3,89489 ,986 -9,3691 14,4358
4 11,53333 5,23116 ,269 -4,5308 27,5975
8,26667 5,02950 ,578 -7,1477 23,6810
4,46667 4,21434 ,893 -8,4282 17,3616
6,00000 5,56925 ,886 -11,1665 23,1665
7,00000 4,19039 ,562 -5,8249 19,8249
5 5,53333 6,18318 ,945 -13,3738 24,4405
2,26667 6,01353 ,999 -16,1423 20,6756
-1,53333 5,35045 1,000 -18,1323 15,0656
-6,00000 5,56925 ,886 -23,1665 11,1665
1,00000 5,33161 1,000 -15,5518 17,5518
6 4,53333 4,97741 ,940 -10,8456 19,9123
1,26667 4,76502 1,000 -13,4141 15,9474
-2,53333 3,89489 ,986 -14,4358 9,3691
-7,00000 4,19039 ,562 -19,8249 5,8249
-1,00000 5,33161 1,000 -17,5518 15,5518
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D_T21 1 -4,60000 2,95361 ,634 -13,8952 4,6952
-,06667 1,58284 1,000 -4,9222 4,7888
1,00000 1,61068 ,988 -3,9347 5,9347
3,26667 1,33832 ,193 -9775 7,5109
,46667 1,54262 1,000 -4,2770 5,2103
2 4,60000 2,95361 ,634 -4,6952 13,8952
4,53333 2,85301 ,616 -4,5517 13,6184
5,60000 2,86855 ,405 -3,5159 14,7159
7,86667 2,72496 ,096 -,9898 16,7231
5,06667 2,83090 ,497 -3,9755 14,1088
3 ,06667 1,58284 1,000 -4,7888 4,9222
-4,53333 2,85301 ,616 -13,6184 4,5517
1,06667 1,41780 ,973 -3,2666 5,3999
3,33333 1,09863 ,061 -,1078 6,7745
,563333 1,33998 ,999 -3,5629 4,6296
4 -1,00000 1,61068 ,988 -5,9347 3,9347
-5,60000 2,86855 ,405 -14,7159 3,5159
-1,06667 1,41780 ,973 -5,3999 3,2666
2,26667 1,13836 ,381 -1,3075 5,8408
-,53333 1,37275 ,999 -4,7321 3,6655
5 -3,26667 1,33832 ,193 -7,5109 9775
-7,86667 2,72496 ,096 -16,7231 ,9898
-3,33333 1,09863 ,061 -6,7745 ,1078
-2,26667 1,13836 ,381 -5,8408 1,3075
-2,80000 1,03984 ,118 -6,0446 ,4446
6 -,46667 1,54262 1,000 -5,2103 4,2770
-5,06667 2,83090 497 -14,1088 3,9755
-,53333 1,33998 ,999 -4,6296 3,5629
,63333 1,37275 ,999 -3,6655 4,7321
2,80000 1,03984 ,118 -,4446 6,0446
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| Appendices

D_T22 1 -1,80000 2,34866 ,970 -9,1266 5,5266

1,00000 1,45406 ,982 -3,4557 5,4557

-3,26667 2,08958 ,629 -9,7319 3,1985

3,40000 1,22202 ,105 -,4643 7,2643

2,13333 1,47637 ,700 -2,3866 6,6533

2 1,80000 2,34866 ,970 -5,5266 9,1266

2,80000 2,25769 ,812 -4,3193 9,9193

-1,46667 2,71094 ,994 -9,7652 6,8319

5,20000 2,11570 ,196 -1,6451 12,0451

3,93333 2,27212 ,529 -3,2175 11,0841

3 -1,00000 1,45406 ,982 -5,4557 3,4557

-2,80000 2,25769 ,812 -9,9193 4,3193

-4,26667 1,98678 ,302 -10,4789 1,9455

2,40000 1,03648 232 -,8428 5,6428

1,13333 1,32689 ,954 -2,9219 5,1885

4 3,26667 2,08958 ,629 -3,1985 9,7319

1,46667 2,71094 ,994 -6,8319 9,7652

4,26667 1,98678 ,302 -1,9455 10,4789

6,66667" 1,82383 ,022 7917 12,5416

5,40000 2,00317 ,117 -,8508 11,6508

5 -3,40000 1,22202 ,105 -7,2643 ,4643

-5,20000 2,11570 ,196 -12,0451 1,6451

-2,40000 1,03648 232 -5,6428 ,8428

-6,66667" 1,82383 ,022 -12,5416 -, 7917

-1,26667 1,06756 ,838 -4,6134 2,0801

6 -2,13333 1,47637 ,700 -6,6533 2,3866

-3,93333 2,27212 ,529 -11,0841 3,2175

-1,13333 1,32689 ,954 -5,1885 2,9219

-5,40000 2,00317 117 -11,6508 ,8508

1,26667 1,06756 ,838 -2,0801 4,6134

* The difference of the means is on the level 0.05 significant
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