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EXECUTIVE SUMMARY

Purpose
The main purpose of this simulation was to conduct a preliminary operational feasibility
assessment of the 4D trajectory management concept expressed as a Target Time of Arrival
(TTA) in conjunction with the Network Operations Plan (NOP). A secondary aim was to integrate
and evaluate the impact of Data Link services on the executive and planning controllers’ roles
and tasks (as a follow on to Gate to Gate project).
Concept
With regards to the concept aircraft fly a 4D filed trajectory to achieve a TTA with a timeframe
window (up to 2 minutes early and up to 3 minutes late). Hence controllers have to respect the
filed 4D trajectories of the aircraft to ensure the aircraft is ‘on-time’ as opposed to expediting
traffic through the system. The main aim of 4D trajectory management is to enhance traffic
predictability and reduce traffic bunching.
Operational context
“Electronic” ATC System; Data link (Controller Pilot data link communication – CPDLC,
Controller Access Parameters – CAP, Pilot Preferred Downlink – PPD) were included in the
simulation. No advanced tools such as Medium Term Conflict Detection (MTCD) were used.
The en-route airspace chosen was a subset of the current Maastricht Upper Airspace,
comprising three measured sectors (Delta, Munster and Ruhr). The route network was based
on current route structures. The traffic samples used were taken from live traffic on a busy day
in July 2005. The simulation was conducted over a period of four weeks, which comprised two
weeks training and two weeks measured exercises, in March 2007. Nine controllers participated
in the simulation from AENA, DSNA, ENAV, IAA, ROMATSA and MUAC.
Objectives of the simulation
Prior to the simulation several operational options of how the 4D trajectory management
concept could be implemented and managed were explored.

The option chosen was

considered the most feasible from an operational controller perspective: the controller would
facilitate the aircraft to adhere to its 4D trajectory in order to achieve its TTA. However, ultimate
responsibility to achieve the TTA rested with the aircrew. The main objective of this simulation
was to present the concept to controllers and gain preliminary feedback and data. The concept
was assessed in terms of usability and suitability, and its impact on the controller (roles, tasks,
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workload, situation awareness etc), on traffic (predictability, flight efficiency, patterns/complexity)
and on safety.
The simulation also assessed the benefits and the limitations of data link services when 75% of
aircraft are data link equipped and the impact on executive and planning controller roles and
tasks.
Measurements
A range of techniques (questionnaires and debriefings) were used to obtain feedback and
subjective data from controllers together with system performance data obtained from platform
recordings.
Simulation organisations
The simulation was divided into two sessions. The first session was an exploratory study to
present the concept and gain as much feedback as possible. This first session had three
organisations in order to introduce the 4D trajectory management concept to the controllers in a
progressive manner. Data link was to be used in all organisations as an alternative to R/T (radio
telephony) by the executive in non time critical situations. In addition to normal tasks, the
planning controller also had to monitor the executive controller data link communications, to
respond to any delegated communication tasks using data link and to transfer out all data link
equipped aircraft when exit conditions were met and clear of traffic.
Organisation A: Controllers were instructed to control traffic as today, ensuring a safe, orderly
and expeditious flow of traffic i.e. to solve conflicts efficiently, to avoid conflicts by de-conflicting
traffic (using direct routes) and to expedite traffic where possible (by issuing direct routes).

Organisation B: Controllers were instructed to adhere to the flight plan route of an aircraft as
much as possible. To this end, controllers had to avoid expeditious routings (direct routes) and
had to solve conflicts efficiently (but avoiding direct routes as a resolution). After conflict
resolution, controllers had to ensure aircraft resumed their flight plan routes as soon as
possible.
Organisation C: Controllers were instructed to adhere to the flight plan route of an aircraft and
monitor the position of the aircraft in the timeframe window. As a result, they were instructed to
avoid expeditious routings, to consider the position of an aircraft in the timeframe window (early
/ late) when solving a conflict and to resume the flight plan route as soon as possible after
conflict resolution.
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The second session of the simulation was a more rigorous experimental study, the aim of which
was to gain preliminary performance data in order to assess the operational benefits and
limitations of the concept (i.e. organisation C) compared to a baseline organisation (i.e.
Organisation A).
Operational conclusions
Controllers were generally positive about the concept. However, they reported that they only
considered an aircraft’s target time of arrival when they had the time to do so i.e. when workload
was not too high.
The requirement to adhere to the flight plan route and TTA was found to affect the controller’s
tasks in several ways. The planning controller was unable to use direct routes to solve potential
conflicts early and as a result could do less pre-sector planning and preparation. The planning
controller had to concentrate on and monitor more what was happening within the sector,
supporting the executive controller, identifying and remembering potential conflicts.

The

executive controller's role was generally unaffected by the concept. However, some changes to
tasks were identified, and these changes were also found to be potential safety issues. Direct
routes and speed changes were avoided to respect the TTA and as a result the executive
controller had fewer options available to resolve potential conflicts. Potential conflicts could not
be dealt with early e.g. ‘give a direct and forget’. Instead the executive controller had to continue
to monitor any identified potential conflicts until they could be resolved in a way that did not take
them off their trajectory for too long. This led to an increase in the amount of monitoring and the
process of conflict resolution took longer. Furthermore, when the executive controller acted to
resolve the conflict the task became more time pressured and time critical.

As a result

controllers felt that directs within their own sector should be permitted.
Controllers also had an additional factor to consider when resolving conflicts, i.e. how their
actions might affect an aircraft’s TTA, thus adding to the complexity of conflict resolution. Some
controllers reported experiencing additional pressure since pilot requests now had greater
priority as requests for direct clearances were to facilitate an aircraft in achieving its TTA.
Responses from questionnaires indicated that these changes resulted in an increase in the
workload experienced by both executive and planning controllers. As a result all controllers felt
that the responsibility for ensuring adherence to the TTA should rest with the pilot and not the
controllers.
System performance data indicated that although predictability was enhanced (Section 6.8) the
distance flown by aircraft was greater than when direct routings could be used (Organisation A).
Furthermore, requiring aircraft to adhere to the trajectory in the current system was found to
increase the complexity of traffic patterns with traffic being more condensed over certain
EVP – EEC Report No. 407
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The controllers felt this was due to the concept being

implemented with the current route structure and sector configuration.

For the full potential

benefits of 4D trajectory management to be achieved all controllers strongly felt that the current
route structure should be examined and possibly modified, and larger sectors respecting traffic
flows be introduced.
With regards to data link, the controllers found it to be a useful tool, as in the Gate to Gate
project. However, they experimented less with task sharing than in Gate to Gate and adhered
more to the given guidelines. This was probably because the controllers were not so familiar
with each other as the controllers in Gate to Gate were.
The findings from this preliminary simulation will be used to help refine the 4D trajectory
management concept in the context of SESAR. Future studies to examine route structure and
sector configuration to comply with the concept and the impact of the concept on traffic patterns
and characteristics will be conducted. A cockpit simulation was conducted in December 2007 to
investigate the impact of the concept on pilot roles and tasks. Prototyping sessions are also
planned to further develop the requirements for the 4D trajectory management interface, tools
and operational procedures. The output of all these planned studies will feed into the Episode
III Cycle 1 real time simulation planned for December 2008 as part of SESAR validation.

x
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INTRODUCTION

1.1. PURPOSE OF THIS DOCUMENT
This document is the report of 4D trajectory management controller simulation. The purpose of
this document is to record the conduct and present the results and findings of the first Real
Time Simulation conducted as part of the ATC RA Cycle 0 En-route study of the Network
Operations Plan / Target Time of Arrival (NOP/TTA). The simulation was conducted over three
weeks in March 2007 and forms part of a series of validation exercises aimed at investigating
the feasibility of the Network Operations Plan / Target Time of Arrival (NOP/TTA) concept
element.
The main aim of this preliminary en-route real time simulation was to present the TTA concept
element to controllers, obtain feedback on the concept, investigate the impact of the TTA
concept on controllers’ current roles and tasks and get an initial assessment of its operational
benefits.
A secondary aim of this simulation was to build on the findings from the Gate to Gate
simulations and investigate the impact of data link services on the Executive Controller (EC)
and Planning Controller (PC) roles and tasks.

1.2. DOCUMENT STRUCTURE
•

Section 1 introduces the context and scope of the real time simulation.

•

Section 2 presents the validation aims and objectives of the simulation for both the TTA
concept element and data link services.

•

Section 3 presents the simulation schedule and the organisations / procedures assessed
in the simulation.

•

Section 4 describes the operational context of the simulation.

•

Section 5 describes the conduct of simulation including a description of the participants,
the training programme, experimental plan, experimental design, data and data
collection methods plus data analysis performed.

•

Section 6 presents the results and summarises the main findings with regards to both
the TTA concept element and data link services.
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•

Section 7 presents the general conclusions from the simulation and lessons learnt, and
proposes recommendations for future validation exercises.

1.3. SIMULATION CONTEXT AND SCOPE
The ATC Cycle 0 En-route validation activities are part of an integrated series of studies leading
up to Episode III in 2007-2008. This work is being conducted under the EC project EVP.
The TTA is one of the proposed concept elements being investigated by the ATC Research
Area in Cycle 0. The scope of the en-route validation activities in Cycle 0 is the controller at the
sector level. This preliminary en-route RTS is just one validation activity that is being conducted
within Cycle 0 to assess the feasibility of the TTA concept element. Other validation activities
include a review of ‘state of the art’, task analysis, fast time simulation (FTS) and prototyping.
These activities are outlined in the Cycle 0 Validation Strategy / Plan (see Ref. 1 for details).
Each of these activities aims to complement the other in terms of the information it elicits, so
enabling a more complete understanding of the TTA concept to be obtained and also better
direct and focus subsequent validation activities. Therefore, the results and findings from this
simulation will be used to inform and support other validation activities being conducted by the
process operability and system performance teams in the ATC Research Area.
The findings will also be used by the ATC Research Area Requirements team to inform the
development of the TTA concept element. In addition the data collected from this simulation
may also be of interest and of use to other studies being conducted within the EEC relating to
Episode III and SESAR such as work being conducted in Environment and Network Research
Areas.
The Medium Term Operational Concept (MTOC) proposes one possible solution of how the
TTA concept element could be successfully implemented into today’s current ATC system (See
Ref. 2 for a detailed description). It is this MTOC that was investigated in this preliminary RTS.
The real time simulation also aimed to build on previous validation activities conducted under
EVP, such as the Gate to Gate simulations conducted in 2005, to further investigate the use
and benefits of CPDLC and its impact on controller roles and tasks.

1.4. CONCEPT OF TARGET TIME OF ARRIVAL (TTA)
In summary the Medium Term Operational Concept (MTOC) proposes that the TTA will be
issued to a flight by the Air Traffic Flow Control Management (ATFCM) in conjunction with
Airline Operators (AOs) and Local Traffic managers (LTMs) before the aircraft is air-borne. The
TTA is a time that is issued for an aircraft at a particular waypoint (usually the first point on a
2
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Standard Arrival Route (STAR) or an Intermediate Approach Fix (IAF) at the destination airport
of the flight. Each TTA will have a time frame / schedule window within which the aircraft has
the flexibility to move.
Once the flight is airborne ATC and pilots will endeavour to respect the TTA mainly by adhering
to the planned route of the flight and by adjusting the speed to the extent possible limited by
aircraft dynamics. The AOs and LTM will monitor the TTA adherence and if there is a need to
change the TTA, for whatever reason, they may negotiate through Collaborative Decision
Making (CDM) a solution. Revised TTAs can be issued depending on the proximity of the flight
to its destination. Calculation of the most suitable TTA will come from the flight management
system (FMS). See reference 2 for a more detailed description of the MTOC TTA concept.

1.5. EXPECTED BENEFITS
The introduction of the TTA concept is expected to change current ATC mission / goals. The
definition of ATC ‘Quality of Service’ will change from ‘ensuring the safe, expeditious and
orderly flow of traffic’ to ‘ensuring the safe, ON-TIME and orderly flow of traffic’ Controllers will
no longer be expected to expedite aircraft through the sector but instead allow or help aircraft to
adhere to its given schedule / TTA. (See high level validation issue analysis conducted for TTA
Validation Strategy and preliminary assessment of impact of TTA concept on controller current
roles and tasks using task analysis in Ref. 1 and appendix 1 respectively.
There are two main goals of introducing a TTA. The first is to enhance system predictability by
ensuring aircraft adherence to schedule. The second is to improve ATC equity and access for
all relevant parties. Enhancing the predictability of traffic and reducing operational variability will
also have additional ‘knock-on’ benefits in terms of capacity, safety and efficiency.

These

benefits are described in more detail in the Cycle 0 Validation strategy / plan (Ref. 1).
Preliminary validation activities including a high level validation issue analysis (Ref. 1) and
assessment using a task analysis of current controller roles and tasks

(Appendix 1) have

suggested that as well as the predicted benefits outlined above, the introduction of the TTA may
have some limitations and/or negative affects. For example, the change in ATC mission / goal
from ‘expediting’ traffic to ‘on-time’ will impose new constraints on the controllers as under the
TTA they will have to try and ensure as far as possible, that their actions do not adversely affect
TTA adherence. These constraints are predicted to impact current controllers working methods,
tasks and roles. For example, direct routings would no longer be given to expedite traffic. Level
and heading instructions may be given in preference to speed changes and no direct routings to
resolve conflicts and other problems. Further, it has been proposed that working with these
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new constraints may have an adverse affect on ATC performance resulting in non-optimal
conflict resolution.
The introduction of the TTA will also affect current traffic patterns in some way which would
further impact controllers’ tasks and performance.

It has been proposed that a secondary

benefit of introducing a TTA with adherence to a 3D trajectory will be smoother, less variable
traffic flows and hence reduced traffic bunching.

However, in contrast, it has also been

predicted that introducing the TTA under the current route structure may have adverse affects
with regards to traffic patterns, for example, traffic may be less de-conflicted resulting in traffic
patterns being more dense and complex and hence conflicts being more complex. Further
introducing a TTA with adherence to a 3D trajectory under the current system may also lead to
aircraft flying longer flight path routes compared to today, so impairing flight efficiency.
This preliminary simulation will enable us to gain a better understanding of the impact of the
TTA concept on controller tasks and performance when introduced into the current ATC system.

1.6. DATA LINK SERVICES
CPDLC (Controller Pilot Data Link Communications) is a set of communication services that
should reinforce air ground integration, increase safety and workload balance within a sector, by
providing a second means of communication with the aircraft to the EC and PC controller.
Gate to Gate results showed that the introduction of 75% data link equipage provided more
opportunity for its use compared to R/T. In general, the quick response time resulted in CPDLC
being used as the preferred communication means in most circumstances except the tactical
situations. The PC role was still maintained, however, the PC was, at a minimum, used to
perform some of the routine communications tasks such as transferring, and in some cases,
assuming aircraft.
The task sharing philosophy was extended and new working relationships developed. These
relationships were not rigidly defined and varied from sector to sector and controller to
controller. In general, however, CPDLC resulted in the PC adopting more of a tactical role. It
should be noted that the controllers involved in the Gate to Gate simulation were all from
MUAC, and some of them worked together on the same teams. This familiarity with each other,
concerning working methods, anticipation and trust, may have encouraged the controllers to
experiment more with task sharing thus leading to the PC playing more of an EC role.
This Cycle 0 simulation aimed to replicate the Gate to Gate CPDLC investigations using ATCOs
who were unfamiliar with each other, coming from different Air Navigation Service providers,
and hence build on the findings from the Gate to Gate simulations.
4
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AIMS AND OBJECTIVES

2.1. AIM AND HIGH LEVEL OBJECTIVES
The main aim of this simulation was to present the TTA concept element to controllers, obtain
feedback on the concept, investigate the impact of the TTA concept on controllers’ current role,
tasks and working methods, and get a first assessment of its operational benefits and limitations
in terms of its impact on controller performance and decision making, workload, situation
awareness, safety, predictability, efficiency and complexity. A secondary aim of this RTS was to
build on the findings of the Gate to Gate simulations conducted in 2005 and gain further
feedback on the use and impact of data link services on the roles and tasks of both the EC and
PC Controller. These general aims can be broken down into a number of high-level objectives:

2.1.1. General objectives
Objective 1: Familiarise controllers with the TTA concept element, data link services and MUA
airspace.

2.1.2. TTA objectives
Objective 2: Assess the usage and usability of the TTA concept.
Objective 3: Investigate the impact of the TTA concept on Controllers current roles, tasks and
working methods.
Objective 4: Investigate the impact of the TTA concept on controller performance, problem
solving and decision making.
Objective 5: Assess the impact of the TTA concept on controller workload.
Objective 6: Assess the impact of the TTA concept on controller situational awareness.
Objective 7: Assess the impact of the TTA concept on safety.
Objective 8: Assess the impact of TTA concept on predictability.
Objective 9: Assess the impact of TTA concept on flight efficiency.
Objective 10: Assess the impact of TTA concept on complexity / traffic patterns.
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2.1.3. Data link objectives
Objective 11: Assess the benefits and limitations of data link services when 75% of aircraft are
data link equipped.
Objective 12: Investigate the impact of the data link services on EC and PC roles and tasks
when 75% of aircraft are data link equipped.

2.2. LOW LEVEL OBJECTIVES
Objective
1. Familiarisation

Low-level Objective
1.1

Train controllers on the TTA concept, data link services and
airspace

1.2

Allow controllers to work with TTA concept and data link
services in MUA

2. Usage & Usability

2.1

Investigate the reported usage of the presented TTA
information

2.2

Assess feedback on the usability of the TTA HMI

2.3

Record feedback on reported HMI / TTA information
requirements

3. Roles & tasks

3.1

Assess the reported impact of the introduction of the TTA on
EC and PCs roles

3.2

Assess the reported impact of the introduction of the TTA on
both EC and PC tasks

3.3

Assess the reported impact of the introduction of the TTA on
both EC and PC working methods

4. Controller performance

4.1

and problem solving

Assess the impact of introduction of the TTA on ATCOs
reported performance

4.2

Assess the impact of introduction of the TTA on ATCOs
reported decision making and problem solving in particular
conflict resolution

4.3

Investigate the impact of TTA on AIM ratings for the decision
making dimension (compare ‘with TTA’ verses ‘without TTA’

6
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Low-level Objective
organisations

5. Workload

5.1

Assess the impact of the TTA on the EEC standard post
questionnaire dimension ratings (comparison of
organisations ‘with TTA’ verses ‘without NOP/TTA’ each
dimension)

5.2

Investigate the impact of TTA on NASA-TLX ratings
(comparison of organisations ‘with TTA’ verses ‘without TTA’
NASA TLX ratings for each dimension separately)

5.3

Investigate the impact of NOP/TTA on AIM ratings
(comparison of organisations ‘with TTA’ verses ‘without TTA’
AIM ratings for each of the six dimensions separately)

5.4

Assess Controllers feedback on workload

5.5

Assess and compare task load (including number of R/T
usage, number of data link instructions, number of conflicts)
for organisations ‘with NOP/TTA’ and ‘without TTA’

Objective
6. Situation Awareness

Low-level Objective
6.1

Investigate the impact of TTA on SASHA ratings
(comparison of organisations ‘with TTA’ verses ‘without
TTA’ SASHA ratings for each dimension)

6.2

Assess controllers feedback on their situation awareness
with TTA

7. Safety

7.1

Assess reported errors made by ATCOs with TTA
(conducted by safety team)

7.2

Assess relevant safety feedback given in interviews and
debriefs

8. Predictability

8.1

Assess the impact of the TTA on the deviation in time from
the ETO for last route point

8.2

Assess the impact of the TTA on lateral deviations from the
Flight Plan Route

EVP – EEC Report No. 407

7

4D Trajectory Management Controller Simulation

EUROCONTROL

9. Efficiency

9.1

Assess the impact of the TTA on aircraft flown distance and
duration

10. Complexity / Traffic

10.1

Patterns

Assess the impact of the TTA on bunching (both at sector
boundaries and at beacons)

10.2

Assess the number of conflicts (comparison of ‘with TTA’
verses ‘without TTA’)

Table 1: Low level objectives for NOP/TTA concept element

Objective
11. D/L Benefits

Low-level Objective
11.1

Assess the perceived benefits and limitations of the data
link services in general (ATCO questionnaire ratings and
general feedback)

11.2

Assess the usefulness of each service provided (ATCO
questionnaire ratings)

11.3

Record ATCO reported errors associated with the use of
D/L services

12. Task Sharing

12.1

Assess ATCO questionnaire ratings of estimates of how
various tasks were shared between the EC and PC for the
different sectors (i.e. DD, HM, HR)

12.2

Analyse reported feedback on task sharing between the EC
and PC Controller for the different sectors (i.e. DD, HM,
HR)

12.3

Analyses system performance data with regards to EC and
Controller actions

Table 2: Low level objectives for data link services
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SIMULATION PROGRAMME
The En-route real time simulation was conducted over a three week period in March 2007 and
consisted of a one week training session plus two weeks of simulation.
The training session took place between the 6th and 10th March 2007. The aim of the training
session was to introduce and familiarise controllers with the simulation platform, the HMI,
airspace and procedures, data link services and TTA concept element.
The two week simulation took place between the 19th and 31st March 2007. The simulation was
divided into two sessions: Session 1 and Session 2. The main aim of Session 1 was to obtain
controller feedback on the TTA concept, in terms of usability, and impact on the controllers’
roles and tasks, and performance. A secondary aim of Session 1 was to gain feedback on the
use, perceived benefits and limitations of the data link services plus the impact of the data link
services on the roles and tasks of the controllers. Session 1 was an exploratory study to gain
as much qualitative feedback as possible regarding the TTA concept and build on findings from
previous data link validation activities such as the Gate to Gate simulations. The concepts were
introduced to the controllers in a stepwise manner. Session 1 had three organisations, A, B and
C which are described below in section 3.1.
The aim of Session 2 was to collect initial performance data from which comparisons could be
made to identify the relative benefits and limitations between working without the TTA concept
and then with the TTA concept. Session 2 had two organisations: Organisation A, controlling
traffic as today and Organisation C, facilitating aircraft by allowing them to adhere to the flight
planned route as much as possible in order to achieve their TTA. To ensure meaningful
comparisons could be made between the two organisations a more rigorous experimental
design was used in session 2 than in session 1.
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3.1. SIMULATION ORGANISATIONS
The three organisations used in the simulation are described in the following sections:

3.1.1. Organisation A - Baseline
In this organisation the controllers were instructed to control traffic as today to ensure the safe
orderly and expeditious flow of traffic:
•

Solve conflicts efficiently.

•

Avoid conflicts (de-conflict traffic using direct routes).

•

Expedite traffic (facilitate traffic by issuing direct routes).

In addition, with data link:
•

The EC had the use of data link as an alternative communication to R/T in non time
critical situations.

The PC was required to:
•

Monitor the EC D/L communications.

•

Respond to any delegated tasks from the EC.

•

Transfer out all D/L equipped aircraft when exit conditions were met and clean of traffic.

3.1.2. Organisation B - Adherence to flight plan route
In this organisation controllers were instructed to adhere to the Flight Plan Route as much as
possible:
•

Adhere to flight plan route as much as possible.

•

Solve conflicts efficiently (avoid direct routes as much as possible).

•

After conflict resume to flight plan route as soon as possible.

•

Avoid expeditious routings.

Data link procedures were as for Organisation A.

10
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3.1.3. Organisation C - Adherence to flight plan route and TTA
In this organisation controllers were instructed to adhere to the Flight Plan Route as much as
possible but also monitor the position of the aircraft in the time frame window of the TTA:
•

Adhere to flight plan route as much as possible.

•

Monitor position of aircraft in timeframe window.

•

Consider position of aircraft in timeframe window when solving a conflict.

•

After conflict resume to flight plan route as soon as possible.

•

Avoid expeditious routings – focus on ‘on time’.

Data link procedures were as for Organisation A.

3.2. SIMULATION SCHEDULE
The first day of the simulation was used as training to re-fresh the controllers with the simulation
platform HMI, operational environment and procedures. This was necessary as there was a
week’s break between the training session and two week simulation. Session 1 started on day
two of the simulation and took place over six working days. Six exercises (three per day) were
run for each of the three organisations A, B and C.
The six exercises for each organisation were run consecutively in blocks so that the controllers
could gain familiarity and confidence using one set of procedures before moving on to another.
This meant, the block of six exercises of organisation A was followed by six exercises of
organisation B by six of organisation C. The final exercise of each organisation was followed by
a debriefing session.
On day eight of the simulation a demonstration of the EEC eDEP platform (version WP6 release
March 2006) was given. eDEP is a prototyping platform developed at the EEC which has the
capability to simulate a 4D profile plus TTA air / ground management and negotiation. The aim
of the eDEP demonstration was to gain feedback from controllers on the eDEP prototyping
platform, and enable them to work with the TTA concept in an environment that has 4D FMS
capability and air / ground management.
Session 2 of the simulation was conducted on the final two days of the simulation. Four
exercises were run in session 2 (two in organisation A and two in organisation C) A post
simulation debriefing session took place at the end of the simulation.
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Training

Simulation

1 week

1st week

System,

Procedures,
Validation
methods

practise

1 week
off

Training
and
concept

and

Concepts
training

Session 1

HMI,

Airspace,

and

2nd week

briefings

Control

Session 1
and

progressive
introduction
concepts

of

Session 2

Full

Edep 4D-

concept

FMS test

runs

runs

Feedback

Feedback

oriented

oriented

measures

measures

No
measure

Comparison
runs

between

control and full
concept
Performance
and

workload

assessment

Table 3: Simulation schedule
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1st week simulation run plan
Session

Session 1
Monday

Tuesday

Wednesday

Tuesday

Friday

20/03/07

21/03/07

22/03/07

23/03/07

24/03/07

Welcome

& Exercise

Exercise

Exercise

Exercise

Org A

Org A

Org B

Org B

Exercise

Exercise

Exercise

Exercise

Org A

Org A

Org B

Org B

Exercise

Exercise

Exercise

Exercise

Org A

Org A

Org B

Org B

Debriefing

Debriefing

Debriefing

Debriefing

Day

Briefing

Morning
Training
exercise
Org A

Training
Exercise
Afternoon

Org A

Debriefing

Table 4: 1st week simulation run plan
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2nd week simulation run plan
Session

Session 1

Session 2

Monday

Tuesday

Wednesday

Tuesday

Friday

26/03/07

27/03/07

28/03/07

29/03/07

30/03/07

Exercise

Exercise

Exercise

Exercise

Exercise

Org C

Org C

Edep Org D

Org A

Org A

Exercise

Exercise

Exercise

Exercise

Final

Org C

Org C

Edep Org D

Org C

Debriefing

Exercise

Exercise

Exercise

Exercise

Org C

Org C

Edep Org D

Org C

Debriefing

Debriefing

Debriefing

Debriefing

Day

Morning

Afternoon

Table 5: 2nd week simulation run plan
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OPERATIONAL CONTEXT
The airspace used for the simulation was the same as that used for Gate to Gate, taken from
the airspace controlled by Maastricht Upper Airspace Control Centre.
This airspace is one of the busiest and most challenging air traffic areas of the European
continent, with a complex structure and a significant portion of climbing and descending flights.
The concept of ATC operation is based on a two person team (or a three person team for more
complex areas) providing an ATC service within defined areas of responsibility.

Figure 1: Airspace context
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4.1. AIRSPACE
The airspace chosen is a subset of the current MUAC airspace as used during the G2G WP4
ENROUTE simulation.
It comprises three busy high level En-route sectors from the core area of Europe processing
traffic to and from other core areas and busy TMAs. Crossing points and traffic loads ensure a
high level of complexity. A mixture of the large Deco sectors, Delta (DD) and the smaller more
dynamic Hanover sectors, Ruhr (HR) and Munster (HM) provide an operational contrast
Three feed sectors, FW (Feed West), FE (Feed East) and FL (Feed Low) were set up to
manage inbound and outbound traffic from the measured sectors. FW comprised MUAC
Coastal and Hamburg sectors: FE comprised of MUAC Brussels sectors and London and Paris
UIR and FL was used for all traffic under FL 245.
The simulation window is expressed in latitude and longitude by a lower left point and an upper
right point:
Lower left point

:

4830N00 / 00030W00

Upper right point

:

5630N00 / 01130E 00

Airspace changes for Simulation
Some changes to the airspace have been necessary either to make some of the operational
concept operable or suit simulation practicalities.
Sector boundary shapes were slightly adjusted to prevent ‘clipping’ of flight profiles in the
simulator preparation tool IPAS e.g. the point ARNEM was relocated within DD sector because
it sat on the three way intersection of all measured sectors.

4.2. SECTORS
The following maps present the simulated airspace.
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Figure 2: 2D map of the simulated airspace
Measured Sectors are:
DD – Delta – En-route sector.
HM – Munster – En-route sector.
HR – Ruhr – En-route sector.
Feed sectors are:
FW – Feed West – Comprised of MUAC Coastal and Hamburg Sectors.
FE – Feed East – Comprised of MUAC Brussels sectors and London and Paris UIR.
FL – Feed Low.
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Airspace Description Table
Sector

Sector

Sector

Category

Name

Code

Type

Delta

DD

Measured

Munster

HM

Measured

Ruhr

HR

Measured

FW

Feed

Feed East

FE

Feed

Feed Low

FL

Feed

Feed
West

Geographical

Vertical

No.

Limits

Limits

CWP

FL255 – UNL

2

FL245 – UNL

2

FL245 – UNL

2

As Defined

GND – UNL

1

As Defined

GND – UNL

1

As Defined

GND – FL245

1

Civil En-

Information

route

Supplied

Civil En-

Information

route

Supplied

Civil En-

Information

route

Supplied

Civil Enroute
Civil Enroute
Civil Enroute

Total
9
Table 6: Airspace description table

4.3. ROUTINGS
The simulated route network is the same as the one used in the G2G WP4 EN ROUTE
simulation and is based on current route structures. The MUAC traffic philosophy is very much
direct routing based. Aircraft may file standard routings but invariably MUAC procedures will
ensure that direct routings are issued when and where possible. This is especially the case at
weekends when there is no military activity. The following maps indicate live traffic flows for a
weekday and weekend through the simulated area.
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Figure 3: 2D map of the main routings for the simulation (weekdays)
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Figure 4: 2D map of the main routings for the simulation (weekends)
4.4. MANNING
The manning of the sectors is defined by:
Sector

Manning

Measured sectors: DD, HM, HR 1 EC controller, 1 PC controller
Feed sectors: FE, FL, FW

1 hybrid (controller – pilot) controller

Table 7: Airspace description table
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PC

EC

EC

PC

PC

Figure 5: 2D Map of the manning for the measured sectors
4.5. TRAFFIC SAMPLES
4.5.1.

Types of traffic

The traffic samples used in the simulation are derived from the traffic samples used in the Gate
to Gate simulation B.

(The Gate to Gate traffic samples are derived from real traffic

experienced in MUAC in July 2005. The number of aircraft was reduced by 25% for validation
and operational evaluation purposes).
A morning (A) and afternoon (P) traffic sample were used to illustrate different flows of traffic
through the MUAC airspace. The afternoon traffic sample (P) was slightly more complex than
the morning sample (A). In order to minimise the learning effect and to maintain controller
interest three variations of the morning and afternoon traffic flows were developed. The
variations were matched as far as possible in terms of traffic load and complexity.

4.5.2. Level of traffic
Two types of traffic samples were used:
•

Traffic samples for training purposes, which had 50%, 70% and 100% loadings of traffic
levels.

•

Traffic samples for measured exercises had 100% loadings of traffic levels.
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4.5.3. Data link equipage
In order to build on the findings from Gate to Gate, with regards to data link and its impact on
controller roles and tasks, the level of aircraft data link equipped in the simulation was in line
with that used in the Gate to Gate simulations i.e. 75%.
In Organisation A all aircraft were ADS-B equipped, therefore automated down link of aircraft
parameters (CAP and PPD) were available. In accordance with future operational procedures
for MUAC, pilots were not required to make their initial call via R/T to each MUAC sector, data
link logon was sufficient. No read back via R/T of data link instructions was required. In addition
controllers were permitted to perform combined instruction uplink clearances (level/speed,
level/route etc.).
The equipage and roles of the controllers remained the same for Organisations B and C.
In Organisation C all aircraft were issued with a TTA. Each TTA had a timeframe / schedule
window within which the aircraft had the flexibility to move. For data link equipped aircraft, this
TTA tolerance window was set to -2/+3 minutes. For non data link equipped aircraft the
tolerance window was set to -5/+10 minutes.

4.6. CONTROLLER TOOLS AND SAFETY NETS
The standard Maastricht Upper Airspace (MUA) safety nets and services are included such as:
MONA (Monitoring Aids), STCA (Short Term Conflict Alert), APW (Area proximity Warning),
VERA (Separation verification tool), and SYSCO (System Co-ordination).

4.6.1. MONA (Monitoring Aids)
MONA is a tool that helps the controllers in monitoring all the flights under control in order to
detect deviations from the system trajectories. MONA checks that the flight’s observed position
and behaviour conforms to that planned. When significant deviations occur, MONA either
initiates recalculation of the system trajectory or provides data for the HMI to warn the controller
that an action may be necessary. In addition, MONA provides the controller with reminders
concerning planned actions. MONA calculations are based on surveillance data and FDPS/TP
data.

Figure 6: Example of MONA reminders
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4.6.2. TP (Trajectory Predictor)
Although trajectory prediction is not regarded as a new enabler, trajectory prediction is a core
enabler to dependent tools such as SYSCO, VERA and MONA. Therefore, the choice of TP
application was extremely significant for the simulation. From the controller perspective,
maintaining an accurate TP means that all controller actions affecting trajectories must be
entered into the system. The controller must enter CFLs, XFLs, routings and headings. It was
appreciated that this additional task can be time consuming, but was critical for the accurate
function of dependent tools.

4.6.3. STCA (Short Term Conflict Alert)
STCA is a function of safety nets that detects and processes short term conflicts (loss of
separation between aircraft within a look-ahead time of 2 minutes) and generates the
corresponding alerts. STCA calculations are based on surveillance data.

Figure 7: STCA

Figure 8: STCA Alert in window
4.6.4. APW (Area Proximity Warning)
APW is a function of safety nets that detects and processes potential area penetration of an
aircraft (within a look-ahead time of 2 minutes) and generates the corresponding alerts. The
objective of the APW is to draw the controller’s attention to a potential penetration of protected
airspace by an aircraft, predicted by the APW. APW calculations are based on surveillance
data.
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Figure 9: APW Alert

Figure 10: APW Alert in window
4.6.5. VERA (Verification and Resolution Advisory Tool)
VERA is a tool currently in operation in MUAC. It aims at displaying information on extrapolated
future positions of aircraft based on radar data, in order to assist the controller in anticipating
future aircraft separation.
On the ACE platform, VERA was activated on controller initiative, on pairs of aircraft and
operated within the defined prediction horizon limited by a pre-set look-ahead time parameter.
VERA was available on both EC and PC positions.
The VERA allows:
•

The verification of the minimum horizontal distance between two tracks.

•

The extrapolation of future track positions.

•

The calculation of the aircraft positions at the defined separation threshold.
VERA
Look Ahead Time

60

min

Update cycle

1

/min

Separation

8

NM

Figure 11: VERA configuration

CALLSG1
AFL

CALLSG2
AFL

098 / 32
8/5

Figure 12: VERA projection
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4.6.6. SYSCO (System Supported Co-ordination)
SYSCO provides a series of silent co-ordination messages and flight plan data messages sent
between the controllers of each sector. Messages can be either system activated or controller
initiated.
On the ACE platform, SYSCO messages appear in the upper part of the message in or
message out window.

4.6.7. D/L (Data Link)
CPDLC (Controller Pilot Data Link Communications) is a set of communication services that
should reinforce air-ground integration, increase safety and workload balance within a sector, by
providing a second means of communication with the aircraft to the EC and PC.
On the ACE platform data link equipped aircraft were identified by a frame around the aircraft
callsign.

Figure 13: Data link equipped aircraft identification
ACM (data link of the transfer of communications) provides automated assistance to the pilot,
the current and the next ATC Unit controllers for transfer of ATC communications.
ACL (data link of ATC clearances) is a set of data link messages that includes ATC clearances,
instructions and requests (uplink), aircrew reports and requests (downlink), support and system
messages (uplink and downlink). ACL messages are an alternative to non time-critical R/T
communications. As well as R/T reduction benefits, ACL reduces the chances of communication
misinterpretation and provides a back up communication to voice.
4.6.8. PPD CAP and ADD (aircraft parameter display)
PPD (Pilot Preference Downlink) is the automated downlink of aircraft parameters functionality
available with ADS-B technology. PPD automates the provision via data link of selected flight
crew preferences to controllers. The main objective is to allow flight crews, in all phases of flight,
to provide ATC with updated information not available in the filed flight plan (e.g. maximum flight
level, minimum speed etc.).
EVP – EEC Report No. 407

25

4D Trajectory Management Controller Simulation

EUROCONTROL

CAP (Controller Access Parameters) is the automated downlink of aircraft parameters
functionality available with ADS-B technology. The ADD (Aircraft Derived Data) application
automatically provides additional aircraft systems derived data to ground systems and
controllers through the means of ADS-B. The objective of CAP is to enhance the performance
of the ground applications and controller situational awareness.
4.6.9. TTA (Target Time of Arrival)
In accordance with the Network Operations Plan (NOP) all aircraft were issued with a Target
Time of Arrival.
The TTA is a time that is issued for an aircraft at a particular waypoint (usually the first point on
a Standard Arrival Route (STAR) or an Intermediate Approach Fix (IAF) at the destination
airport of the flight. Each TTA has a timeframe / schedule window within which the aircraft had
the flexibility to move.
Once an aircraft begins to move within the TTA timeframe window an indication is displayed on
the radar label to warn the controller. A ‘+’ sign is displayed in line 1 of the label (i.e. to the right
of the aircraft speed) when the aircraft is running late on it’s TTA, indicating the aircraft should
increase speed or take some other appropriate action in order to re-establish its correct position
in the timeframe window. Likewise a ‘–‘ sign is displayed in line 1 if the aircraft is running early,
indicating the aircraft should reduce speed or take an appropriate action to re-establish it’s
correct position in the timeframe window.

Figure 14: Indication aircraft is late in TTA timeframe window

Figure 15: Indication aircraft is early in TTA timeframe window
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4.7. SIMULATED METEO ENVIRONMENT
Standard meteorological conditions were used in the simulation platform (no wind, temperature
15C and QNH 1013.2).

4.8. RESTRICTED AND DANGER AREAS
The restricted / danger areas listed in the following table will be active for the simulation. Video
maps shall be used to represent all restricted and danger areas. The area proximity Warning
(APW) feature shall be used.
Vertical Limits

Status

APW

FL250 - UNL

Active

Yes

FL195 - UNL

Active

Yes

Area Name

Delta Shaded Area

North B
Table 8: Restricted areas
GARKA

GREFI

ALS
GES

TIPAN
VENUS

SA01

WELGO

MEBUS

EKERN

DHE

SOTUN
GOLEN

GLX

LBE
LARDI
LABIL
HAM
BEDUM
BINBO
TOPPA
STADE
KUBAT
GODOS
WSR
TOLSA
GRONY
SUPUR
BODSO
EEL DOBAK
VALKI
DOLAS
KUBAX MIMVA AMGOD
RAVLO
BERGI ANDIK
BASUM
BUKUT
PETIK
XBAS
SPY LILSI
LAMSO
EVELI
UMBAG
FLEVO
BASNO PAM
SOMVA
ROBEG
TENLI SONSA
ARTER
NYKER
NORKU
TULIP
HLZ
RKN
LAPRA SONDO
EKROS
REDFA
SUPAMARNAM
DLE
OSN
TEDSA
AMSAN
AIPIK
SONET
PIROT
IDESI PEVAD
SUVOK
RENDI
DIDAM
HMMEXOBA
ARKON
LEKKO
GORLO HSD STD
CLN ARTOV
LARBU
NAPSI TEBROMEVEL
LARAS
KOMOT
LOGAN RIMBUREFSO
DOM MEREK
BREDA
NOMKA
TOLEN
PODER
DISMO
BOT
SUKAM
ERING
TOBIX
SASKI
WOODY
ABAMI
THN RUDEL
BAM
KEMAD
COA
NIK
BIGGE
ELDAR
HELEN
EVOSA TINIK
BEGOK
BUB
NOR
NASUM
EDEGA
FERDI
BIBOS
SIGEN
DENOX
DINKI
KENUM COL
TABAT
LNO
MESEK
PODAT
REMBA
ADUTO
TESGA
VEKIN
MONAX
ROLIS
ARCKY
BOMBI
AMASI
ROKAN

LEGRO

R302

SA02

SA03

SA04

RAPOR

Figure 16: 2D map of restricted areas
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5.

CONDUCT OF SIMULATION

5.1. PARTICIPANTS
Nine controllers from five different countries participated in the simulation:
•

Two from Spain (AENA Barcelona).

•

Two from France (DSNA Brest and Aix ACC).

•

Two from Italy (ENAV Milan ACC).

•

One from Ireland (IAA Shannon ACC).

•

Two from Romania (Romatsa Bucharest ACC).

In addition, as the controllers participating in this study were not familiar with the airspace five
controllers from the Maastricht Upper Airspace also participated in the simulation. The MUAC
airspace is a core area of the European airspace and one of the most challenging
environments. In fact it is the busiest European En-route Centre. As a result the working
methods used by ATCOs in MUAC have adapted to deal with such traffic loads. Therefore the
role of the MUAC controllers was twofold.
•

First to train the controllers participating in the simulation on the airspace and also
working methods commonly adopted by MUAC to cope with such traffic demands.

•

Secondly to man the feed sectors. Feed low in particular requires a controller who is
familiar with the airspace and traffic in order to deal with the quantity and complexity of
the traffic in this sector and also to ensure that the aircraft are fed into the measured
sectors in a realistic way.

Of the nine controllers participating in the simulation all but one had over 10 years of qualified
experience with the mean number of years of qualified experience being 14.33. Six of the
participants worked currently as controllers in en-route sectors; two worked as both controllers
and instructors; and one worked as a controller, flow manager and instructor.
Six of the nine controllers had participated in previous simulations at the EEC, and so were
familiar to some degree with both the platform HMI being used in the simulation and data link
services. The remaining three had never participated in a simulation and were unfamiliar with
the platform HMI and had no or little knowledge of data link services. None of the controllers
participating in the simulation reported to have previous knowledge or an understanding of the
TTA concept element.
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5.2. TRAINING SESSION
The training session had several aims, these were:
•

To introduce the objectives and content of the simulation.

•

To familiarise the controllers with the operational context in which they would be working
including the platform HMI, safety nets, MUAC airspace and working methods.

•

To familiarise the controllers with the data link services, the data link HMI and the
proposed data link procedures.

•

To introduce the TTA concept element and familiarise controllers with the TTA HMI and
proposed procedures.

•

To introduce and familiarise controllers to the questionnaires they would have to
complete during the simulation.

Before the training programme began a pre-training questionnaire was administered to gain
general information about the controllers participating in the simulation regarding their controller
experience to date, previous experience of simulations and knowledge of the concepts being
investigated in this simulation.
A stepwise training approach was adopted to enable the controllers to gradually build up their
understanding of the HMI, airspace, procedures, support tools and concepts being applied in
the simulation. The training material concerning HMI, operational concepts, operational
procedures, support tools and working methods were provided through power point
presentations.
In addition there were practical training exercises and informal debriefing sessions (see training
schedule below in table 9). The training exercises enabled the controllers to apply and test
what they had learnt in the presentations and familiarise themselves with the HMI, airspace,
tools, procedures etc. All the information given in the presentations could be found in the
controller handbook which was given to all controllers at the beginning of the training session.
Operational experts from both the EEC and MUAC were in the operations room at all times
during the training exercises observing the controllers and giving advice and feedback when
necessary.
As the training session progressed the level of difficulty of the training exercises gradually
increased so that by the end of the training simulation the controllers were comfortable dealing
with the levels of traffic that would be used in the simulation session. The Controllers were also
introduced and asked to complete example questionnaires of the type they would be asked to
complete in the simulation to ensure they understood exactly how and what to complete.
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The controllers were encouraged to ask questions at all times and the informal debriefing
sessions at the end of each day enabled the controllers to give feedback throughout the training
session so that concerns and / or issues could be addressed and clarified as the training
session progressed and if necessary the training programme adapted as required. As the
participants had varying levels of knowledge and experience with regards to the HMI and data
link services extra attention was given to those controllers that were less familiar with the
simulation environment.
At the end of the training programme the controllers were required to complete a post-training
questionnaire to provide feedback on their familiarity with the concepts being investigated,
platform HMI, procedures and general quality of the performance on the simulation platform and
whether they felt more training was required. The post-training questionnaire also provided
feedback on the training programme in terms of its content and quality. The post training
questionnaire can be found in Appendix 2.
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Monday

Tuesday

Wednesday

Thursday

Friday

05/03/2007

06/03/2007

07/03/2007

08/03/2007

09/03/2007

Welcome

Our system

Datalink

Validation

Safety nets

HMI
Morning

EUROCONTROL

principles

Exercise

Exercise
TTA

Exercise
Sysco
Exercise
4D/FMS
Exercise

Exercise

Exercise

TTA

Exercise

debriefing
Mid Day
HMI: label
HMI: menus

TTA concept

MUAC
Airspace

Afternoon
Exercise

Exercise

Exercise
Exercise
Debriefing

TTA

Questionnaires
Debriefing

Debriefing

presentation

Debriefing

Table 9: Training plan

5.3. SESSION 1
The main aim of Session 1 of the simulation was to gain feedback from controllers on the TTA
concept and its impact on controller current roles, tasks and working methods. A second aim
was to gain feedback on the use and impact of data link services on EC and PC roles and
tasks.

5.3.1. Experimental design
Session 1 consisted of three organisations, A, B and C which introduced the TTA concept to
controllers in a stepwise manner to enable controllers to build up their familiarity and confidence
with the concept (organisations A, B and C are described in section 3). There were nine
controller working positions (CWP) for each simulation exercise: An EC and a PC position for
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sectors DD, HR and HM, and one working position for FW, FE and FL. FL was manned by a
Maastricht controller. Each controller participating in the study was randomly rotated around the
remaining eight positions.

As there were only eight working positions and nine controllers

participating in the study, one controller was required to observe during any one exercise.
Controllers were rotated so that they all worked at least once in each of the measured sectors
and assumed the role of both PC and EC at least twice in each Organisation. Enabling the
controllers to work with the concepts in different types of sectors and positions would result in
the feedback given regarding the concepts being more balanced and informed. The controllers
were rotated in exactly the same way for each organisation A, B and C. Therefore, for exercise
1 in Organisations A, B and C the same controllers were working the same positions on the
same sectors. This meant that the feedback given by each controller for each specific exercise
could be compared by organisation if necessary. In addition, controllers from the same ACC
were not paired together to work on the same sectors at the same time. This would help ensure
that the controllers communicated only in English so the observers could understand the intrasector controller communication. For more details of the rotation of controllers for each exercise
during Organisation A, B and C see the controller seating plan in Table 10. Each of the nine
controllers participating in the simulation is denoted by a number 1-9.
Exercises in Organisation A, B and C
POSITION
Ex. 1

Ex. 2

Ex. 3

Ex. 4

Ex. 5

Ex. 6

HM-EC

1

9

7

6

9

1

HM-PC

6

2

4

2

5

8

HR-EC

2

5

6

8

3

4

HR-PC

7

3

9

7

1

6

DD-EC

3

4

8

5

2

7

DD-PC

8

1

5

3

4

9

FE

4

7

3

9

6

3

FW

5

6

1

4

8

2

FL

MUAC

MUAC

MUAC

MUAC

MUAC

MUAC

Observer

9

8

2

1

7

5

Table 10: Seating plan for session 1
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The number of exercises was limited to three per day with adequate breaks between each run
to reduce the impact of fatigue. Due to the limited number of exercises that can be conducted
per day plus other time constraints i.e. simulation duration only two weeks, the number of runs
for each organisation was limited to six. To ensure the controllers gained confidence and
proficiency working with one set of procedures before moving onto another, each organisation
was presented to the controllers sequentially in blocks of six exercises. All six exercises of
Organisation A were run followed by six exercises of Organisation B followed by six of
Organisation C. For details of the simulation schedule see tables 4 and 5. Each exercise
lasted for a period of one hour and fifteen minutes.
To minimise the learning effect and maintain controller interest the traffic sample (AM and PM)
for each exercise was changed between two runs. In addition to this there were three variations
of each of these AM and PM traffic samples to create three slightly different but as far as
possible matched traffic samples in terms of traffic load and complexity.
Each exercise ran for a period of 1 hour and 15 minutes. System performance data was
collected only during the last hour as time was needed at the beginning of the scenario for the
traffic to build up. Controllers were observed throughout each exercise by operational and
validation/safety experts. Feedback, in the form of questionnaire ratings, relating to general
performance, controller workload and situation awareness was obtained after each exercise
from controllers working the measured sectors using a standard post exercise questionnaires
plus the NASA TLX. More detailed feedback relating to these dimensions was gained for the
last exercise performed in each of the organisations A, B and C, using the EEC AIM and
SASHA questionnaire in addition to the standard post exercise questionnaire and NASA TLX.
Controllers were also required to complete post organisation questionnaires after each
organisation to gain more general feedback on the concept and procedures being applied in
relation to the dimensions described in 5.3.2. In addition to this post organisation questionnaire,
controllers observing or working the Feed West (FW) positions during an exercise were
interviewed, either in couples or individually to gain additional feedback about each organisation
and the concept/services being used. (When controllers from FW were being interviewed an
EEC or MUAC controller manned the position).

Finally, at the end of each Organisation a

group debriefing was conducted to consolidate the feedback obtained using the questionnaires
and interviews.
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5.3.2. Data collection methods
The TTA concept, Session 1 obtained data / feedback on the following dimensions:
•

Usage and usability.

•

Roles, tasks and working methods.

•

Performance, problem solving and decision making.

•

Workload.

•

Situation awareness.

•

Safety.

The data link services Session 1 obtained data on the following dimensions:
•

Data link benefits and limitations.

•

Controller roles and tasks / task sharing.

•

Usage and usability.

Usage and usability
The usage and usability of the TTA information presented on the Controllers working position
was evaluated by gaining feedback from the controllers during interviews and group debriefings
together with observations made during Organisation C’s exercises. In order to assess the
usage of the TTA information controllers were asked to report when and how they used the
aircraft TTA information. Controllers were also asked to give feedback on the usability of the
TTA HMI and to inform us about what information regarding the TTA was required by controllers
to help them facilitate aircraft to achieve their TTA.

Controller roles, tasks and working methods
Information regarding the impact the TTA had on controllers’ current roles, tasks and working
methods for both the EC and PC roles was based on subjective feedback obtained from the
post-organisation questionnaires, interviews and group debriefings together with observations
made during Organisation B and Organisation C.

Post organisation questionnaires and

interview templates can be found in Appendix 4 and 5 respectively. (Feedback was gained from
Organisation B as well as Organisation C in order to gain a better understanding of how and
why the TTA affects controller roles, tasks and working methods).
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Controller performance, problem solving and decision making
Once again information regarding the impact of the TTA concept on controller performance and
problem solving / decision making, in particular with regards to conflict resolution, was based on
subjective feedback obtained from controllers through the post organisation B and C
questionnaires, interviews and group debriefs.
Subjective ratings from the performance dimension on the NASA TLX and the decision making
and problem solving dimension of the EEC AIM questionnaire provides additional data relating
to the impact of the TTA on controller performance and problem solving/decision making.

Subjective workload
The EEC standard post exercise questionnaire and NASA-TLX questionnaires were used to
gain controller ratings of subjective workload after each exercise.

The EEC standard post

exercise questionnaire asks participants to rate nine questions relating to general performance
and workload on a scale of 1 to10. The NASA TLX requires participants to rate on a scale of 1
to 10, six dimensions relating to subjective workload, they are: mental workload; physical
workload; temporal demand; level of performance; effort and frustration

(Copies of the EEC

standard post exercise questionnaire and NASA-TLX can be found in Appendix 3).
The EEC AIM (Assessing the Impact of mental workload) questionnaire was used to gain more
task-specific information relating to controllers’ subjective workload. The AIM-l questionnaire
used in this study is a questionnaire designed specifically to assess controller workload in ATC
and was developed by the EEC in the frame work of the SHAPE project (EUROCONTROL
2006). Controllers are required to rate on a scale of one to seven statements relating to eight
dimensions:

building and maintaining situation awareness; monitoring information sources;

memory management;

managing the CWP;

diagnosing and problem detection; decision

making and problem solving; resources management; team awareness. The AIM questionnaire
was administered after the final exercise performed in each organisation. A copy of the AIM-l
questionnaire can be found in Appendix 3.
Subjective feedback regarding controllers’ perceived workload was obtained through the post
organisation questionnaire, interviews and group debriefs. Post organisation questionnaires and
interview templates can be found in Appendix 4 and 5 respectively.
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Situation awareness
Situational awareness was assessed using a version of the SASHA questionnaire that had
previously been used in the Gate to Gate simulations. Controllers were required to complete
the SASHA questionnaire after the final exercise of each organisation. The SASHA
questionnaire was developed by the EEC in the frame work of SHAPE (EUROCONTROL 2006)
specifically to assess situation awareness in the ATC domain.

The SASHA questionnaire

requires participants to rate on a five point scale six dimensions relating to situation awareness.
A copy of the SASHA questionnaire can be found in appendix 3.
Subjective feedback regarding controllers’ perceived situation awareness was obtained through
the post organisation questionnaire, interviews and group debriefs.

Post organisation

questionnaires and interview templates can be found in Appendix 4 and 5 respectively.

Safety
Controllers were required to report any errors that occurred during the exercises on the post
exercise questionnaires. Safety and operational experts were also observing the controllers
during the exercises and noted any seen or reported errors that occurred. In addition any
feedback relating to potential safety issues with regards to the TTA concept gained from the
post organisational questionnaires, interviews and group debriefs was assessed by EEC safety
experts.

Data link benefits and limitations
Post Organisation A questionnaire was used to obtain subjective ratings regarding the
perceived benefits and limitations of the data link services when 75% of aircraft are data link
equipped. Controllers were also required to rate the perceived usefulness of the different
services. This questionnaire was based on the post organisation questionnaires administered to
participants of the Gate to Gate simulations. Controllers were encouraged to report any errors
associated with the use of data link in the post-exercise and post-organisation questionnaires of
Organisation A. The interviews and group debriefs conducted, during and after Organisation A
respectively, were also used to identify any errors experienced and potential errors associated
with the application of the data link services. Post Organisation A questionnaire and interview
template can be found in Appendix 4 and 5 respectively.
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Task sharing and data link
Post Organisation A questionnaire was used to obtain controller estimates (as a percentage) of
how specific tasks were allocated between the PC and EC in Organisation A (the control) when
75% of aircraft were data link equipped. Again these questions were taken directly from the
Gate to Gate questionnaires. Post Organisation A questionnaire and interview template can be
found in Appendix 4 and 5 respectively.

Data collection
The dimensions, type of data collected plus the tools used to collect the data / feedback are
summarised below in Table 11.
Dimensions
Usage

&

Usability

Type of data

Tools

Occurrence

Controller

Interviews *

During exercises in Org. C

Group debriefs

Post Org. C

Observations by EEC ATCO,

During / throughout exercises

feedback
Error log

validation & safety experts
Roles, tasks and

Controller

Post

working methods

feedback

questionnaires

Performance

&

problem solving

organisation

B

&

C

Post Orgs. B & C

Interviews *

During exercises in Org. B & C

Group debriefs

Post Org. B & C

Log of observed

Observations by EEC ATCO,

During / throughout exercises

changes

validation & safety experts

Controller

Post

feedback

questionnaires

organisation

B

&

C

Post Orgs. B & C

Interviews *

During exercises in Org. B & C

Group debriefs

Post Org. B & C

Subjective

NASA

ratings

dimension

TLX

–

performance

Post exercise Org. A, B & C

AIM questionnaire – decision

Post ATCOs final

making and problem solving

each organisation

exercise on

dimension
Workload

Controller

Post

feedback

questionnaires
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Dimensions

Type of data

Tools

Occurrence

Interviews *

During exercises in Org. B & C

Group debriefs

Post Org. B & C

Subjective

EEC standard post exercise

Post exercise - Org. A, B & C

ratings

questionnaire
NASA TLX

Post exercise - Org. A, B & C

AIM questionnaire

Post ATCOs final exercise on
each organisation - A, B &C

Situation

Controller

Post

awareness

feedback

questionnaires

Subjective

organisation

Interviews *

During exercises in Org. B & C

Group debriefs

Post Org. B & C

SASHA questionnaire

Post ATCOs final exercise on

ratings
Safety

Post Orgs. B & C

each organisation - A, B &C

Controller

Post

feedback

questionnaires

Error log

organisation

Post Orgs. B & C

Interviews *

During exercises in Org. B & C

Group debriefs

Post Org. B & C

Post exercise questionnaires

Post exercises – Org. A, B & C

Observations by EEC ATCO ,

During / throughout exercises

safety & validation experts
D/L benefits and

Controller ratings

limitations

Post

Organisation

A

Post Organisation A

questionnaire
Controller
feedback

Interviews *

During exercises in Org. A

Group debriefs

Post Org. A

Post exercise questionnaire -

Post exercise in Org. A

safety question
D/L task sharing

Controller ratings

Post

Organisation

A

Post Organisation A

questionnaire
Controller
feedback

Interviews *

During exercises in Org. A

Group debriefs

Post Org. A

Table 11: Data and collection tool used in session 2
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* All interviews were conducted either with individuals or in pairs depending on the controller
availability. Interviews were conducted with controllers during exercise runs when controllers
were either observing an exercise or working a feed position.

5.3.3. Data analysis
Due to the learning effects that were evident as Session 1 proceeded the controller ratings
obtained from post exercise questionnaires administered were not used, as it would be difficult
to tell whether differences between organisation was due to the different operational procedures
or learning effects. Therefore no statistical analysis was conducted on the information obtained
from Session 1 with regards to the TTA concept.

With regards to the data link data i.e.

controller ratings, descriptive statistics, such as means and standard deviations, were
performed to provide an overall description of the data obtained.
Therefore only questionnaire data and feedback obtained from the post organisation
questionnaires, interviews and debriefs have been assessed and included in the findings /
results presented in chapter 6.

EVP – EEC Report No. 407

39

EUROCONTROL

4D Trajectory Management Controller Simulation

5.4. SESSION 2
The aim of Session 2 was to gain preliminary performance data to make an initial assessment
of the TTA concept operational benefits and limitations.

5.4.1. Experimental design
Session 2 used a within-subject experimental design to compare the control organisation
(Organisation A) with adherence to the route and TTA (organisation C). Therefore, Session 2
had one independent variable (Organisation) with two conditions (‘without TTA’ verses ‘with
TTA’).
Due to time constraints only four exercises could be run in Session 2 – two measured runs with
Organisation A and two with Organisation C. As there were only six measured positions per
exercise and nine controllers it was decided to form two groups: Group 1 and Group 2, so all
controllers could participate in session 2. This meant that three controllers had to be members
of both Group 1 and Group 2. Controllers were randomly assigned to the two groups, however
it was ensured that the three controllers participating in both groups worked in different positions
(EC/PC) and different sectors in both groups. The controllers for each group were required to
remain in the same positions for both Organisation A and C. The seating plan for Groups 1 and
2 and the schedule are presented in Table 12. The order in which the two groups performed
Organisation A and Organisation C was counter-balanced to prevent order of presentation
effects. The schedule for Session 2 can be found in the simulation schedule in section 3 table
5.
Due to the limited number of exercises and to minimise the number of variables only one traffic
sample was used. However, as three controllers were participating in both groups, wind was
introduced into the traffic sample for Group 2 to add a slight variation between the two traffic
samples. This would reduce any learning effects for those three controllers participating in both
groups but meant that the traffic samples were matched as far as possible in terms of traffic
load and complexity and therefore considered experimentally comparable.
Both system performance data and questionnaire data was collected for all four measured
exercises. Each exercise ran for a period of 1 hour and 15 minutes. System Performance data
was collected only during the last hour as time was needed at the beginning of the scenario for
the traffic to build up. The questionnaires were administered after each exercise to gain
information relating to controllers perceived performance, workload and situation awareness. A
group debrief was held after Session 2 to both gain feedback from the controllers regarding
Session 2 and consolidate findings from both Sessions 1 and 2.
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Group 1

EUROCONTROL

Group 2

POSITION
Org. A

Org C

Org. C

Org A

HM-EC

2

2

9

9

HM-PC

3

3

7

7

HR-EC

1

1

5

5

HR-PC

9

9

6

6

DD-EC

8

8

4

4

DD-PC

5

5

2

2

FE

4

4

3

3

FW

6

6

8

8

FL

MUAC

MUAC

MUAC

MUAC

Observers

7

7

1

1

Table 12: Seating plan for groups 1 and 2 in session 2
* Each of the nine controllers participating in the simulation is denoted by a number 1-9.

5.4.2. Data collection methods
Session 2 obtained data on the following dimensions:
•

Tasks and working methods

•

Performance, problem solving and decision making

•

Workload

•

Situation Awareness

•

Predictability

•

Efficiency

•

Complexity / Traffic patterns
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Tasks and working methods
The performed tasks and working methods were assessed using system performance data, i.e.
the entered MASS pseudo pilot orders that correspond to the R/T and data link orders
transmitted by the controllers to the pilots. For the data link equipped aircraft, the position that
emitted the order (PC, EC) is also recorded and so can be assessed. This information delivers
the nature of the ordered modifications to the prepared flight plans, and so the adaptation of the
controllers working methods to the imposed organisations. The orders are numbered, classified
in terms of categories, sector, target callsigns etc.

Performance, problem solving and decision making
Performance, problem solving and decision making was assessed using controller ratings from
the performance dimension of the NASA-TLX and the decision-making and problem solving
dimension on the AIM-l questionnaire (see section 4.4.1.3.4 for a description of these
questionnaires and Appendix 3 for a copy of each).

Workload
Subjective workload was assessed using controller ratings from the EEC standard post exercise
questionnaire, the NASA TLX and the AIM-l questionnaire which were administered after each
exercise in Session 2. (See section 4.4.1.3.4 for a description of these questionnaires and
Appendix 3 for a copy of each).
As well as subjective workload, an indication of the task load imposed on the EC was assessed
using system performance data such as: the number of R/T calls; time spent on frequency pilot
orders; number of data link orders sent and received; the number conflicts (prior to controller’s
intervention).
(It should be noted that task load reflects the objective task demands placed on the controllers
whereas workload is subjective, influenced by among other things

a controllers’ ability,

experience, and standards of performance)

Situation awareness
Situation awareness was assessed using controller ratings from the SASHA questionnaires
which were administered after each exercise in Session 2. (See section 4.4.1.3.5 for a
description of these questionnaires and Appendix 3 for a copy of each).
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Predictability
Predictability is assessed using system performance data obtained during the measured
exercises. The metrics used to assess predictability include: flown distance and Flight plan
length comparison. Other metrics such as ‘Last route point time deviation detailed; Last route
point time deviation general; Expected trajectory deviations’ were not used due to data
unavailability.

Efficiency
Efficiency was assessed using system performance data obtained during the measured
exercises. The metrics used to assess efficiency include: flown distance and duration; losses
of separation. Other metrics such as last route point time deviation detailed; last route point
time deviation general; expected trajectory deviations were not used.

Complexity / Traffic patterns
The impact of the TTA on traffic complexity and traffic patterns in general was also assessed
using system performance data obtained during the measured exercises. The metrics used to
assess complexity and traffic patterns include: Bunching at sector boundaries; bunching at
beacons. Metrics such as expected conflicts; FPL lateral deviations were not used.
In addition, feedback was gained from controllers to see if they noticed any difference in the
traffic patterns between Organisation A, B and C.
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Data collection
Further details and descriptions of all the system performance data used in session two can be
found in the TTA simulation Metrics Specification document (Ref. 4)
Dimensions

Type of data

Tools

Occurrence

Roles & Tasks

System recordings:

Pilot orders by category,

Continuously

Pseudo pilot inputs

Datalink

Controllers orders
Performance

&

orders

throughout

exercises

repartition

Controller ratings

AIM questionnaire

Post exercise

Controller ratings

EEC

Post exercise

problem solving
Workload

post

exercise

questionnaire :
NASA TLX,
AIM questionnaire
Task load

R/T Usage,

System recordings:

Pilot orders,

R/T calls,

D/L messages received,

Controllers inputs,

D/L messages sent,

MTCD shadow mode,

Number of conflicts

Continuously

throughout

exercises

Radar tracks
Situation

Controller ratings

SASHA

System recordings:

Last

Post exercise

Awareness
Predictability

4D profiles updates,
Radar tracks

route

point

time

deviation detailed,
Last

route

point

Continuously

throughout

exercises
time

deviation genera,
Expected

trajectory

deviations
Efficiency

System recordings:
4D profiles updates,
Radar tracks

Last

route

point

time

deviation detailed,
Last

route

point

Continuously

throughout

exercises
time

deviation general,
Expected
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Type of data
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Tools

Occurrence

deviations,
Losses of separation
Complexity / traffic
patterns

System recordings:

Bunching

at

sector

boundaries,

Radar tracks
MTCD shadow mode

Continuously

throughout

exercises

Bunching at beacons,
Expected conflicts,
FPL lateral deviations

Table 13: Data and data collection tool used in session 2

5.5. SYSTEM PERFORMANCE DATA COLLECTION
The system performance data were produced by the ACE/ESCAPE simulator components (see
below for more detail). The management of the recording was operated by the MUDPIE
interface and the storage and data treatment using the SAS software version 9.1 facilities. The
results were interpreted using the IPAS Art standalone replay tool and the STATISTICA tool.
Data source

Use

Collection tools

MASS state_vectors

Radar tracks

Lance/Anasim/SAS

MASS seq_results

Pilot orders by sector

Lance/Anasim/SAS

Cwp logs (csv files)

Data link, STCA, APW and

SAS

Sysco events / controllers input
and display, by position
Pwp logs (csv files)

Data link events: Pilot input

SAS

and display, by position
AudioLan logs (csv files)

R/T calls by position, including

SAS

pilots and controllers
STORIA logs (Xml)

MTCD conflicts

SAS

4D profiles updates
Table 14: Performance data source and collection tools used in session 2
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5.6. DATA ANALYSIS AND STATISTICS
The data collected from the post exercise questionnaires for both groups 1 and 2 were collated
and analysed first using descriptive statistics such as means and standard deviations to gain an
overall picture of the data collected. Wilcoxon Mann – Whitney statistical tests were then used
to investigate whether or not there were significant differences between the controller ratings
obtained in Organisation A and C with regards to each questionnaire dimension.
The performance data was checked and organised using the SAS software tools solutions, and
then analysed using descriptive statistics, as for questionnaires, according to the defined
metrics.
Metrics

Independent

Analysis

Statistical tests

variables
EEC standard post

Condition (A v C)

Means, SD

exercise questionnaire

Wilcoxon MannWhitney

ratings
NASA TLX ratings

Condition (A v C)

Means, SD

Wilcoxon MannWhitney

AIM ratings

Condition (A v C)

Means, SD

Wilcoxon MannWhitney

SASHA ratings

Condition (A v C)

Means, SD

Wilcoxon MannWhitney

Pilot orders

Condition (A v C),

Means, SD

T-test

Means, SD

T-test

Condition (A v C)

Means, SD

T-test

FPL Lateral deviation

Condition (A v C)

Means, SD

T-test

Expected trajectory

Condition (A v C)

Means, SD

T-test

order category, sector
R/T calls
(% of duration, number

Condition (A v C),
controlling position

of calls sent and
received)
Last point deviation
per callsign and
general

deviation
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Analysis

Statistical tests

variables
Expected conflicts

Condition (A v C)

Means, SD, list

T-test

Bunching at sector

Condition (A v C)

Means, SD

T-test

Bunching at beacons

Condition (A v C)

Means, SD

T-test

Data link instruction

Condition (A v C),

Means, SD

T-test

Means, SD

T-test

boundaries

repartition

sector, position

Data link instructions

Condition (A v C),

part in the overall

order category, sector

orders
Table 15: Analysis and statistical tests performed in expt. 2
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6.

RESULTS

6.1. FAMILIARISATION

6.1.1. Training session
One of the main objectives of this simulation was to familiarise controllers with the TTA concept
element, data link services, simulation environment and Maastricht Upper airspace, to enable
the controllers to work with them and provide meaningful feedback with regards to the concepts
being investigated. The controllers participating in the simulation had an intensive one week of
training prior to the simulation. Feedback on the training session was obtained through a post
simulation questionnaire administered at the end of the training week.
Of the nine controllers participating in the study three had never participated in an EEC data link
simulation before and so were unfamiliar with the simulation platform, (its ECHOES HMI, and
strip less environment) and the data link HMI and services.

None of the controllers were

familiar with the airspace being used in the simulation or reportedly had any previous
knowledge or understanding the TTA concept under investigation. As the nine controllers had
different levels of experience with the technical environment, the training sessions were
designed and adapted around those controllers that had no previous experience of the technical
environment being used and so needed the most training.
By the end of the training session all nine controllers reported in the post training questionnaire
that they had received enough training to become familiar with the general simulation
environment and its HMI functionality plus the data link concept, the data link HMI and data link
procedures.

However, four of the nine controllers reported that they did not have enough

training to get familiar with the MUAC airspace, route structure and procedures. Further, four of
the nine controllers reported to have concerns about the general operational procedures. In
addition, two of the nine controllers reported that they had not had enough training to get
familiar with the TTA concept, TTA HMI nor procedures.
From the post training questionnaire responses it was clear that one week of training was not
sufficient and more training/practice was required for controllers to familiarise themselves fully
and feel confident working with concepts being investigated, the simulation environment and in
particular the operational context in terms of the airspace, traffic flows and working methods
commonly adopted and recommended by Maastricht to deal with specific situations.
The full analyses conducted on the post training questionnaires can be found in Appendix 6.
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6.1.2. Simulation
As planned the first day of the simulation session was a short training session used to refamiliarise the controllers with the simulation environment, data link services and TTA concept.
Maps of each sector with the major points and flows were presented in front of each of the
appropriate sectors CWPs together with a summary of the operational procedures for each
organisation to help controllers with the airspace structure and traffic flows.
In session 1 of the simulation the data link services and TTA concept were introduced to the
controllers in a stepwise manner, with each different organisation being presented in blocks of
six exercises. This enabled the controllers to build up there familiarity and confidence with one
organisation before giving feedback on the organisation and being introduced to another
organisation.
As session 1 progressed a big learning effect was evident. This meant that the questionnaire
ratings obtained for each exercise could not be used for analysis as one would not know if any
differences found between the organisations were due to the concepts themselves or the
practice/learning effect. However, this did not affect the main objective of session 1 which was
to gain controller feedback on the data link services and TTA concept. In addition it did enable
controllers to further familiarise themselves with the operational context and concepts being
investigated before session 2.

6.2. USAGE AND USABILITY
TTA usage and usability was assessed using feedback from the controllers gained from the
post organisation questionnaire, interviews and debriefs conducted for Organisation C, as well
as observations made by EEC Operational, validation and safety experts during Organisation C
exercises in both Session 1 and 2.
In Organisation C controllers were instructed to adhere aircraft to their routes, avoid expeditious
routes (i.e. no directs) and consider the status of the TTA when resolving conflicts.

6.2.1. Adherence to route and TTA / Use of TTA information
All controllers reported to try and adhere to the route as much as possible and avoided giving
direct routings to expedite traffic. However, with regards to the TTA, of the nine controllers
participating in the study: One reported to ‘never’ consider an aircraft’s TTA when resolving a
conflict; another reported to ‘always’ consider the TTA but added that it did not affect the way he
resolved conflicts and; the remaining seven controllers all reported to consider the TTA
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‘sometimes’ when resolving conflicts. All seven reported to only consider the TTA when their
workload was not too high. As one controller stated ‘If it was busy I was not able to take on any
more information and consider the TTA. If its not busy then it’s OK, you can consider the TTA’.
As controllers considered the workload in the exercises to be high they only reported to
consider the TTA a few times during an entire exercise, therefore the majority of conflicts were
reportedly resolved without considering the TTA.

6.2.2. Responsibility for TTA adherence
All controllers strongly felt that the pilots should be responsible for ensuring TTA adherence as
the TTA concept was perceived to be primarily for the benefit of the airlines and the ultimate
decision of what action to take was the pilots.

One controller stated ‘ At the very most

controllers can only make a suggestion, the ultimate decision with regards to which action to
take up is the pilot as this will depend on the airline strategy which differs between various
airline companies’. Furthermore, most of the controllers felt that, if possible, the controllers
should not be ‘in-the-loop’ with regards to TTA concept and that the TTA concept should be
maintained between the pilots and airlines and involve only the pilots and airlines. As one
controller stated ‘Regarding benefits for the whole system the concept is not bad. The airlines’’
benefits more. For the controllers it could be implemented without showing anything.’’
Although most of the controllers did not want to be involved in ensuring TTA adherence, as
indicated in the above controller statement, the controllers were overall quite positive about the
TTA concept. The controllers could see the potential benefits the TTA could have for example in
terms of reducing traffic bunching and improving the predictability of traffic flows. However,
there was strong agreement that the concept needed to be further developed and clarified. As
one controller said ‘As a concept it has potential but there are lots of gaps’.

6.2.3. TTA HMI and information requirements
In terms of the HMI and the information presented to the controller opinions were mixed.
Several controllers felt that as ATC should not be involved at all in ensuring adherence to the
TTA no information regarding the TTA was necessary on the CWP HMI. One controller stated
‘Pilots objective is predictability, controllers objective is safety. We do not need to have a (+) or
(-)’. However, half of the controllers commented that the (+) and (-) indications on the HMI had
been useful not so much as information to help them adhere aircraft to the TTA but as a
warning that these aircraft may request an action in order to achieve their TTA. One controller
commented ‘I do not consider the TTA. But an indication is good because you know if an
aircraft may ask for a direct and be warned of that’. Therefore, the (+) and (-) gave controllers a
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better indication of an aircraft’s intent. These controllers agreed that some indication on the
HMI may be useful to provide the controllers with a warning that these aircraft may request an
action to ensure TTA adherence. These controllers also agreed that in this instance access to
additional information specifying the exact deviation from the TTA would be also useful to help
them provide alternative appropriate actions if for some reason the pilot’s requested action was
not feasible. It was suggested that this information could be presented in the extended label.
Overall, there was a general consensus that if controllers had to be involved to some degree in
ensuring adherence to TTAs then the plus and minus indications presented on the aircraft label
in the simulation were insufficient and that more information was required, i.e. the exact
deviation in time from the TTA, so controllers could better provide appropriate actions to aircraft
adhering to a TTA. As a controller remarked ‘the (+) and (-) are a bit irrelevant I will not use it if
resolving a conflict. With more information about the TTA such as the actual duration I could
make a more appropriate action’. Another controller commented ‘We do not really need any
information regarding the TTA but if you are insisting on having the controller ‘in the loop’ then
need more than a (+) or (-)’.

6.2.4. Location of TTA in system
A couple of controllers pointed out that the location of the TTA in the ATC system may play an
important part in determining the use of the TTA information and the role the controller could
play in helping to ensure adherence to the TTA. One controllers stated ‘Even if you know the
amount of deviation from the TTA you could not do much as a controller because you do not
know what is happening down stream’. One controller suggested that it would be more useful if
the TTA was closer to the sector a controller was working or even within the sector as the
controller would better know what actions would be appropriate to help an aircraft adhere to its
TTA. Although, it was pointed out that the position of the TTA would also depend on the
airspace structure.

6.3. ROLES, TASKS AND WORKING METHODS
The impact of the TTA concept on controllers’ roles, tasks and working method was assessed
using controller feedback from the post organisation questionnaires, interviews and group
debrief together with observations made from Organisations B and C in Session 1. Where
possible system performance data from Session 2 was used to add to and complement the
information gained from controller feedback.
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6.3.1. Adhering to route
6.3.1.1. Planning controllers
The impact of adhering aircraft on the route on the PC controllers working methods varied from
one controller to another and depended very much on the controller, their current working
method, how s/he had interpreted the instruction to maintain aircraft to the route and the degree
of initiative s/he took too support the EC. As one controller commented, ‘the change in working
methods depends on how you currently work. I prefer to use vertical separations and I give
directs only if and when necessary so adhering to the route does not change current working
methods too much.’ Some controllers interpreted ‘adhere aircraft to the route’ very strictly and
so reported to do nothing or very little in terms of pre-sector traffic planning or preparation. In
these instances conflict resolution was left to the EC controller unless it was necessary to solve
a potential conflict at the entry of the sector border. Other controllers translated the instruction
‘to adhere aircraft to the route’ more liberally so although they gave no direct routings, they
continued to prepare traffic for the EC and solve identified potential conflicts occurring within the
sector, where possible, using level changes.
There were three main consequences of adhering aircraft to the route on the PC controllers’
tasks reported:
•

The PC controllers were unable to use direct routings to resolve potential conflicts early.
As a result some PC controllers reported that they could do less pre-sector traffic
planning and preparation (other PC controllers reported to use level changes where
possible to ensure separation although they also reported that this was more difficult
than when they could use directs as well).

•

There was more monitoring. As PC controllers were unable to resolve potential conflicts
early, before they entered the sector, they had to monitor the evolution of the potential
conflicts within the sector.

•

The PC controller had to remind and advise EC controllers of the potential conflicts they
had identified and were monitoring within the sector and inform the EC of any changes.

Therefore when controllers were required to allow aircraft to adhere to the route there was less
planning and traffic preparation and the PC controller had to take more initiative to support the
EC in conflict detection and resolution. As a result the PC’s tasks and role changed to one
which supported the EC more directly in his/her tasks, as the PC had to focus more on what
was happening within the sector, and become responsible for remembering identified potential
conflicts, monitoring their evolution and informing the EC of any changes and advising on
conflicts resolution strategies. As one controller stated, ‘the PC controllers’ role changes to
become more of a ‘shadow EC controller’.
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6.3.1.2. Executive controllers
Adhering to the route meant that in general the EC controllers avoided using direct routings to
expedite traffic or maintain separation where possible. Level changes, and to a lesser extent
heading and speed changes, were used more to resolve potential conflicts.

However, the

choice of method used to maintain separation / resolve a potential conflict varied depending on
both the sector characteristics and a controller’s current working method.
Therefore, as with the PC controller the extent of the impact of adhering to the route on
controllers depended on controllers current working methods. For example, several (four of the
nine) controllers reportedly preferred to work by maintaining aircraft on the route and not give
directs as it was nearer their current way of working in the real world. One controller stated, ‘It
(adhering to the route) did not change my working method much as normally in the real world I
do not give directs even if requested by an aircraft unless there is a good reason’.
With regards to the EC controllers tasks there were several reported impacts of adhering aircraft
to the route:
•

Some EC controllers felt they had to resolve more conflicts than when aircraft where not
adhering to the route. They reported that this was probably due to the fact that the PC
controllers were less able to plan and prepare traffic entering the sector and resolve
conflicts early.

•

Conflicts or conflict resolution was reported to be ‘longer’ in duration and required more
monitoring. As controllers had to maintain aircraft on the route as much as possible the
EC controllers were unable to resolve conflicts using direct routings. As a result the EC
controllers had to wait and monitor the evolution of a potential conflict before s/he could
act to resolve it.

As directs could no longer be used conflicts had to be resolved using

heading and level changes. This also required additional monitoring as once the EC has
issued a heading or level instruction to resolve a potential conflict s/he had to continue to
monitor the aircraft to know when it was safe and appropriate to issue another instruction
to resume the aircraft back on the route.
•

The EC controllers felt they had less time to resolve a conflict. As Controllers had to
maintain the aircraft on the route they were unable to resolve conflicts early and so had
leave conflict resolution until as late as possible so aircraft didn’t deviate off the route for
too long. This resulted in the controllers reporting to have less time to resolve each
conflict. A couple of controllers reported that as they had less time to resolve a conflict
they no longer used data link but gave instructions to resolve a potential conflicts via R/T
as they required immediate feedback from the aircraft as the task of conflict resolution
became more time critical.
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•

EC controllers had fewer conflict resolution ‘tools’. Controllers were not allowed to use
direct routings to resolve conflicts as this would take aircraft off their route.

Although there were several consequences of adhering to the route on the EC controllers’ tasks
and working methods, the role of the EC controller was not reported to change.
6.3.2. Adhering to route and TTA
6.3.2.1. Planning controllers
Having to allow aircraft to adhere to a TTA as well as the route was not reported to change the
PC controllers’ working methods, tasks and/ or role any more than having to adhere just to the
route.
6.3.2.2. Executive controllers
Having to adhere aircraft to route and TTA had a reported impact on the EC controllers working
methods. As in Organisation B, direct routings were used much less to expedite traffic and
maintain separation in Organisation C.

In addition, speed changes were reportedly avoided

where possible. Therefore, level changes and to a lesser extent headings were used to resolve
conflicts and maintain separation, see figures 17, 18 and 19 below. However, it should be
noted that as mentioned in section 6.2.1, controllers reported that in most instances they did not
have the time to take the TTA into consideration when resolving a conflict and continued to
resolve the conflict in the most efficient way they could. As a result although the number of
direct routings is reduced in Organisation C, controllers still used directs when necessary to
resolve a conflict.
Some controllers also reported that the choice of ‘tool’ used to maintain separation depended to
some extent on the sector characteristics and traffic load. For example, in those sectors where
there was a high density of ascending and descending traffic some controllers reported to still
use small direct routings because it was the only way they could deal with the quantity of traffic.
They also felt that giving small directs would not affect the TTA much especially as they were on
the descent close to their destination airport.
However, as in Organisation B the impact of adhering aircraft to route and TTA on controllers
working methods depended to a large extent on controllers’ current working methods which
varied from controller to controller.
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Instructions per category, organisation and exercise - Sector DD Experiment 2
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Figure 17: Instructions repartition per category, sector DD
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Instructions per category, organisation and exercise - Sector HR Experiment 2
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Figure 18: Instructions repartition per category, sector HR
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Instructions per category, organisation and exercise - Sector HM Experiment 2
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Figure 19: Instructions repartition per category, sector HM
Adhering aircraft to the route and TTA affected the EC controllers’ tasks in several ways. In
addition to those impacts described in section 5.3.2 as a result of adhering aircraft to the route,
adhering aircraft to the route and TTA resulted in the following:
•

Conflict resolution was reportedly more difficult when the EC controllers considered an
aircraft’s TTA. The controllers reported the TTA to be an ‘additional factor’ or ‘additional
constraint’ to consider when resolving a conflict and the controllers had to analyse how
their actions would affect the TTA of each aircraft involved in a potential conflict.

•

EC controllers had even fewer conflict resolution ‘tools’. In addition to direct routings,
speed changes could no longer be used to resolve conflicts as speed changes could
affect TTA adherence.

•

Pilot requests were given greater priority. The controllers reported that pilot requests for
directs and speed changes to the ensure adherence to the TTA were given greater
priority and more importance than when requests were not TTA related. This reportedly
put pressure on the EC controllers to accept these requests and respond as quickly as
possible. (Currently controllers receive many pilot requests which are not considered to
be a priority and which are only dealt with when and if the controllers have time). As one
controller stated ‘without the TTA when a pilot requests a direct route I just consider it
when I have finished with my priorities. But now with the TTA this request becomes
more important… Requests for directs having more importance puts pressure on me to
try and comply with the pilots request…’
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Unexpected aircraft speed changes caused by aircraft trying to adhere to their TTA
resulted in some controllers reportedly having to monitor aircraft more.

The changes to the EC controllers’ tasks due to adhering aircraft to the route and TTA
(described in section 5.3.2 and above) resulted in several controllers reporting that the EC
controllers’ tasks were becoming more reactive and time pressured, with the EC not so much
controlling the traffic and executing a plan as they do currently but reacting to it. One controller
stated ‘Adhering to a route and TTA restricts you as a controller, restricts your decision making,
becoming more reactive, not able to do so much planning’. Several controllers reported that the
TTA would result in their job becoming more procedural but they also acknowledged that this
was a consequence of introducing new technology / concepts and all controllers realised that
this change was inevitable. As one controller commented “As time passes ATC is becoming
more technology driven, more automated. As a result it is taking away our skill, the art of the
job and becomes more proceduralised”.

A couple of controllers pointed out that the

introduction of the TTA concept may give the pilots more control and controllers less, as one
controller stated ’the TTA could make our job harder as the pilot is more in control’.

6.4. PERFORMANCE, PROBLEM SOLVING AND DECISION MAKING
The main focus of the assessment of the TTA concept on performance, problem solving and
decision making was conflict resolution - the main aim was to look at how adhering to the route
and TTA affected conflict resolution.

6.4.1. Performance
To assess the impact of the TTA on controller performance, problem solving and decisionmaking controller feedback from the post organisation questions, interviews and group debrief
together with observations made during the exercises in Organisation C where controllers had
to adhere to the route and TTA was assessed. Feedback and observations from Organisation
B where controllers where instructed just to adhere to the route were also used to help gain a
better understanding of the impact of the TTA concept. Where possible system performance
data plus controller ratings obtained from post organisation questionnaires administered in
Session 2 was used to add to and complement the information gained from controller feedback.
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6.4.2. Conflict resolution
6.4.2.1. Adhering to route
As controllers had to maintain aircraft on the route, they were unable to give direct routings to
solve conflicts.

As a result the use of conflict resolution ‘tools’ changed, with controllers

reporting to use level, heading and speed instructions in preference to direct routings. A
heading instruction to resolve a conflict is an open loop vector and no indication is given as the
duration or limit of the ATC vector instruction. The controller must monitor the aircraft involved
in the conflict and then issue another vector instruction for the aircraft to re-join its initial route
whereas ‘direct to’ is a closed loop vector and requires fewer vectors instruction and monitoring.
Controllers also complained that without direct routings they were unable to resolve conflicts as
early as they would like. As one controller mentioned ‘Adhering aircraft to the route means that
you can not solve a conflict quickly by issuing a direct routing – with a direct you issue and
instruction then can forget about the aircraft. When you have to keep an aircraft on its route this
take more time to solve a conflict – you have to monitor the aircraft more.’

Therefore, as

mentioned previously in more detail in section 6.3.1 adhering to the route was reported make
the conflicts resolution process ‘longer’ and increased the amount of information the controller
had to remember.

Further, as controllers had to maintain aircraft to the route for as long as

possible it also meant they had less time to resolve the potential conflict.

6.4.2.2. Adhering to route and TTA
As mentioned controllers only considered the TTA when resolving a conflict if they had time,
when their workload was not too high as the TTA was ‘a constraint so an additional factor to
consider’’. Therefore, as controllers felt the workload in the exercises to be generally high, the
TTA was only considered a few times during an exercise with the majority of conflicts being
resolved without considering the TTA.
For all controllers safety was the priority.

One controller commented ‘The TTA is another

element to take into account when resolving a conflict. Safety is the priority but if I can I will
take it into account’, another stated ‘ If I did not have time I did not consider the TTA as it took
me longer to resolve problems as its not only another factor to take into account but it also
changes the way my mind thinks to resolve a conflict’.

Most of the controllers commented on

the fact that as the TTA was additional factor to consider and so it took longer to decide on the
most appropriate action to resolve a conflict, as one controller said ‘I had to analyse more how
TTA may be affected by my actions’.
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In those instances when the controller did have time to consider the TTA when resolving a
conflict, controllers reported that the TTA status did occasionally result in them turning the
aircraft differently to how they would have done when a TTA was not implemented, one
controller commented ‘in one case the inverse of the logical strategy was applied to resolve the
conflict’. Another controller also mentioned that in a couple of cases when he had the time to
consider the TTA it actually helped him decide on which aircraft to manoeuvre and how.
However, all controllers were adamant that the TTA would only change the way they would
resolve a conflict if they had time to consider it and if it did not compromise safety in any way.
One controller commented ‘Safety is always the priority so the (+) and (-) may help you if you
have time. If you have to solve a conflict and you have time it is not a problem to consider the
(+) and (-) and it may help you decide which aircraft to manoeuvre. But if you have to solve a
conflict quickly the TTA is something else to think about and it will make you lose time’.
The TTA also changed the preferred methods used by the controllers to resolve conflicts, as
mentioned previously controllers reported to use level and heading instructions in preference to
direct routes and speed changes to resolve conflicts (see section 5.3 for more details).
Although one controller did admit that although the TTA made him have ‘to think twice about
giving directs to solve a conflict but I sometimes gave short directs as they are more efficient
than headings’.
Several of the controllers commented that one of the potential benefits of the TTA is that it
would force a change in controllers’ mindset as they would have to consider the system as a
whole and the consequences of their actions on the system as opposed to just their sector, as
one controller said ‘TTA is a good thing because it will make actors aware of their actions on the
system as a whole instead of focusing on themselves as an individual’.
From the ratings obtained from the EEC standard post exercise questionnaire in Session 2 it
was found that controllers rated it to be significantly more difficult to maintain separation in
Organisation C (where controllers had to adhere to route and TTA) than A (the control).
Controller ratings obtained for the question ‘How easy / difficult was it for you to maintain
separations between aircraft in the last run’ showed the means for Organisation A and C to be
2.3 and 3.3 respectively. This difference was found to be significant at the p>0.05 level, with
p=0.0244.
The NASA-TLX showed that although there was a general tendency for controllers to rate their
performance as being worse in organisation C than A, with means of 7.09 and 7.83
respectively, there was no significant difference found between these ratings.
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In addition the AIM questionnaire showed that controllers generally rated Organisation C as
requiring more effort in decision making and problem solving than Organisation A, with mean
ratings of 1.77 and 1.42 respectively. However, although verging on significance, with p=0.091,
this difference was not significant.

6.5. WORKLOAD
The impact of adhering to the route on controller workload was assessed using controller
feedback from the post organisation questions, interviews and group debrief in organisation B in
Session 1.
The impact of adhering to a route and TTA on controller workload was assessed by analysing
controller ratings from the EEC standard post exercise questionnaires, NASA-TLX and EEC
AIM questionnaire administered in Session 2. Controller feedback from the post organisation
questions, interviews and group debrief conducted following Organisation C in Session 1
together with performance data from Session 2, specifically relating to the task load, was also
assessed to help interpret the results gained from the questionnaire data and hence give a
better understanding of the controller workload experienced in Organisation C when controllers
had to adhere to the route plus TTA compared to Organisation A the control.

6.5.1. Adhering to route
Six of the nine controllers reported an increase in workload to some degree as a result of having
to adhere aircraft to the route, with four of the six specifying the workload increase was greater
for the EC than the PC. Two of these four reported that for the PC controller there was no real
workload increase.

Those controllers that reported an increase in the workload they

experienced said it was due to the fact that they were unable to give direct routings and as a
result.
Conflicts or conflict resolution was perceived as being ‘longer’ in duration. As controllers had to
maintain aircraft on the route they were unable to resolve conflicts early using direct routings.
This meant the PC controller had to identify, monitor the evolution of the identified conflicts and
remember the potential conflicts so they could inform/remind the EC if necessary. Likewise EC
controllers had to wait and monitor the evolution of the potential conflict before s/he could act to
resolve them. Remembering when and where potential conflicts were going to occur increased
the memory load placed on both controllers. In addition, once an instruction had been issued to
resolve a conflict the EC controller then had to monitor the aircraft to know when it was safe to
instruct that aircraft to resume the route.
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As controllers were unable to resolve

conflicts early and had to maintain aircraft on the route they had to wait until the latest possible
time to resolve a conflict. This increased the time pressure put on controllers when resolving a
conflict.
They had lost a workload reduction technique. Some controllers often use direct routings as a
means to help reduce workload.
However, the reported degree of increase in workload also seemed to depend to a large extent
on the controllers current methods of working, for example those controllers that said they used
directs a lot either to resolve conflicts or as a workload reduction technique were more likely to
say that there was more of an increase in workload experienced when they had to adhere
aircraft on the route than those who reported to prefer using methods other than directs to
resolve conflicts in the real world.
Three of the nine controllers reported that adhering aircraft to the route did not increase the
workload they experienced. They all commented that although the task was different, it was just
a different way of working and so experienced no increase in their workload. Of these three one
controller commented that in the real world he did not use direct routings much because ‘giving
directs can actually increase workload and reduce your situation awareness because you have
to scan a larger area as unforeseen additional conflicts created. So workload in adhering to
route is not really affected’.

6.5.2. Adhering to route and TTA
With regards to the EEC standard post exercise questionnaire a significant difference was also
found with regards to difficulty in maintaining separation, with controllers rating it to be more
difficult to maintain separation in Organisation C than A (see section 6.4.2 for details). No other
significant differences were found. However, there was a trend for controllers to generally rate
their level of fatigue after performing an exercise to be less after Organisation A than C, with the
mean rating values being 2.5 and 3.4 respectively. Although not significant this difference was
verging on significance with p = 0.0519. The mean ratings for each question for Organisation A
and C are illustrated below in Table 16. The full data analyses conducted on the EEC standard
post exercise questionnaire can be found in appendix 7.
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Post Exercise questionnaires - Mean results per organisation
1:Very Low/easy

5 : Medium

10 : Very High/Difficult

Post Exercise Question

Org A

Org C

4,83

5,17

2. How great a part did radio communications (frequency) play in your overall workload
during the last run?

2,58

3,00

3. How great a part did the complexity of the traffic play in your overall workload during
the last run?

4,33

5,00

4. How great a part did problems with procedures play in your overall workload during
the last run?

2,67

2,42

5. How great a part did problems with the HMI (such as a sticking mouse, slow
response times, label overlapping, etc.) play in your overall workload during the last run?

3,33

4,08

6. How easy/difficult was it for you to maintain a clear picture of the situation during the
last run?

3,50

3,67

7. How easy/difficult was it for you to maintain standard separations between aircraft
during the last run?

2,33

3,33

8.

What was your level of Stress during the last run?

3,08

3,58

9.

What was your level of Fatigue just after having finished the last run?

2,50

3,42

1.

What is your estimate of your overall workload during the last run?

Table 16: Post exercise ratings
With regards to the NASA-TLX ratings obtained in session 2 the Wilcoxon Mann Whitney test
found there to be a significant difference between controller ratings obtained for organisations A
and C for two of the dimensions; temporal demand and, level of frustration. The mean ratings
obtained for temporal demand for Organisation A and C were 3.82 and 4.91 respectively,
indicating that controllers felt less time pressured in Organisation A (the control) compared to
organisation C (when the controllers had to adhere aircraft to the route and TTA).

The

difference between Organisation A and C ratings were significant at the p.0.05 level with
p=0.0244. With regards to the level of frustration ratings the controllers reported to feel less
stressed, irritated and discouraged in organisation A than C with mean rating values of 1.45 and
2.55 respectively. This difference was also significant at the 0.05 level with P=0.027. No other
significant differences were found between controller ratings for the other NASA_TLX
dimensions namely, mental demand, physical demand, performance, effort and frustration. The
mean values together with minimum and maximum ratings for all dimensions of the NASA-TLX
are illustrated below in figure 21. The data analyses conducted on the NASA-TLX can be found
in appendix 8.
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ER1RTS - NASA TLX Questions - Org C and Org A
10
9

Mean; Box: Mean± 0,5*SD; Whisker: Min-Max
Org A Org C
7,73

8

7,09

7
6
5

4,91

4,73

4,36

4,73
4,00

3,82

4

3,09

2,91

3

2,55

2

1,45

Frustration

Effort

Performance

Temporal Demand

Physical Demand

Mental Demand

1

Figure 20: Post exercise questionnaire - NASA TLX per categories

The NASA-TLX ratings also suggested with the exception of frustration that the EC was
generally more affected in terms of workload than the PC particularly with regards to temporal
demand, effort and performance. The difference between controller ratings obtained for
Organisation A and C for ‘temporal demand’ and the ‘effort required to achieve their level of
performance’ were greater for the EC compared to those of PC, with EC controllers reporting to
feel much greater temporal demand and putting in more effort to achieve their level of
performance in Organisation C than A. For the PC controllers there was no real difference seen
between the ratings for Organisation A and C on these dimensions.

Likewise, the EC

controllers showed a greater difference in their perceived level of performance between
Organisation A and C than the PC controllers although both reported their performance to be
generally better in Organisation A than C. The only dimension that showed there to be a greater
difference between Organisation A and C for the PC controller compared to the EC was with
regards to frustration. Both PC controller and EC controllers rated their level of frustration to be
higher in Organisation C than A, however, this difference was generally greater for PC
controllers than ECs.

However, due to the small number of participants and number of runs

performed in session 2 no meaningful statistical analysis could be performed to investigate
whether the role of the controller EC or PC influenced the ratings obtained. Hence no statistical
analysis was performed to see if any of these differences between roles i.e. EC and PC
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controllers were significant or not. In addition sector characteristics may have had an affect on
controller ratings however, once again no further analysis was conducted due to the small
sample population and hence amount of data obtained.
For the AIM questionnaire ratings a significant difference was found between organisations A
and C for only one of the dimensions, namely resource management and multi-tasking.
Controllers rated that the effort required to perform resource management and multi-tasking as
being less for Organisation A than Organisation C, with mean rating values of 0.90 and 1.31
respectively.

The level of significant difference was found to be at the p>0.05 level, with

p=0.0251. There was also a general trend for controllers to rate the ‘decision making and
problem solving’ dimension as requiring more effort in Organisation C than A, with the mean
rating values being 1.77 and 1.42 respectively. However, although verging on significance with
p=0.091, this difference was not found to be significant. No other significant differences were
found between Organisation A (the control) and Organisation C (aircraft adhering to the route
and TTA) for any other AIM dimension ratings. The mean rating values together with the
minimum and maximum rating obtained for each of the eight AIM dimensions for Organisation A
and C are presented in the graph below. The full analyses conducted on the AIM questionnaire
can be found in appendix 9.

AIM - dimensions scores - Org C and Org A
0: None - 1 Very Little - 2: Little - 3:Some - 4:Much - 5 Very Much - 6: Extreme
6

Mean; Box: Mean±SD; Whisker: Min-Max
Org A Org C

5
4
3
2

1,63

1,48

1,77

1,67

1,33

1,08

1

1,33

1,23

1,73

1,40

1,77

1,42

1,31

0,90

1,15

0,94

Team Awareness

Resource management and multitasking

Decision Making and problem solving

Diagnosing and problem detection

Managing the CWP

Memory management

Monitoring of information sources

Building and maintaining SA

0

Figure 21: Post exercise questionnaire - AIM dimensions scores
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In the interviews conducted with each of the controllers six of the nine reported that they
experienced a greater workload in Organisation C where they had to allow aircraft to adhere to
the route and TTA than in Organisation A. The reasons given for this perceived workload, in
addition to those identified in section 6.5.1 when aircraft had to adhere to the route, were as
follows:
•

The TTA was an additional factor to consider and an additional constraint the EC had to
consider. This meant that with the introduction of the TTA they had to analyse how their
actions may affect the TTA. This additional constraint also impacted on the way the
controllers currently solved conflicts so forced a change in the way of thinking about how
to resolve conflicts.

•

There were fewer ‘tools’ available to resolve the conflicts. As aircraft had to adhere to
the route and TTA, direct routings and speed changes had to be avoided, as much as
possible, in conflict resolutions. Therefore, controllers were more likely to use heading
and level changes in preference. However, unlike with directs where a controller can
give an instruction and know that the potential conflict has been resolved, with level and
heading changes the controllers need to continue to monitor the aircraft to know when it
is appropriate to give another instruction to the aircraft to resume its route.

•

Pilot requests were given greater priority as controllers realised there was a valid reason
for the request i.e. to ensure the aircraft adhered to its TTA.

This reportedly put

pressure on the EC controllers to deal with the request as quickly as possible whereas
before the request would have been dealt with as and when the controller had time. In
addition the pilot request not only meant the controller had to consider the request,
check the requested action had no safety implications and report back to the pilot but it
also changed the controllers’ sector plan which the controller then had to update and/or
amend accordingly. As one controller stated, ‘The pilot request for direct routes
increases my stress and workload. I have an additional task of trying to accept the
request because it is important for everybody’.
•

Unexpected aircraft speed changes as result of an aircraft trying to adhere to TTA
resulted in controllers reportedly having to monitor aircraft more.

Of the three controllers that reported to experience no increase in workload, they all said that,
as they only considered the TTA when they had time, the TTA did not affect the level of
workload experienced. Of these three one controller added that adhering aircraft to the route
and TTA was just working using a different strategy and so it did not really affect workload and
controllers would get used to this new way of working. Another mentioned that there was an
increase in monitoring and the time taken to resolve conflicts was longer, however, as the
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aircraft were staying on the route it is easier to identify potential conflicts and so this decreased
the workload.
The R/T analysis shows, depending on the structure of the airspace, an impact on controller
task load, because aircraft have to adhere to the route and TTA. For sectors HM and HR, in Org
C, the task load provided by the R/T use is higher than in Org A. The Mean values show
particularly that there are more transmissions in Org C during the measured period (see Figure
22). However, the frequency occupancy and the time spent on R/T related tasks are not
impacted.
Mean number of R/T Calls (Sent and Received), per exercise per
organisation
250
R/T Calls Received

R/T Call Sent

200

114,5
150
86,5

75

94,5

91,5

84,5

HM - Org A

HM - Org C

86

88,5
100

50

89

74,5

95,5

105

HR - Org A

HR - Org C

0
DD - Org A

DD - Org C

Figure 22: Task load assessment - number of R/T calls sent and received
6.6. SITUATION AWARENESS
Situation awareness was again assessed using controller feedback obtained from the post
organisation B and C questionnaires, interviews and debriefings.

In addition controller ratings

from the EEC SASHA questionnaire obtained from Organisations A and C in Session 2 were
analysed and compared.

6.6.1. Adhering to route
The feedback obtained with regards to the impact of adhering to the route on controller situation
awareness showed there was a general consensus that adhering aircraft to the route had no
impact on controllers’ situation awareness.
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However, it should be noted that a couple of the controllers reported that conflict detection was
made easier when the aircraft had to adhere to the route as the points where conflicts were
most likely to occur were more easily identifiable than when the traffic was dispersed. Two of
the nine controllers commented that as the aircraft was adhering to the route the aircraft were
more bunched together on these routes and so there was more of a problem due to the labels
overlapping.
6.6.2. Adhering to route and TTA
Once again the controllers generally agreed that adhering to the route and TTA did not impact
their situation awareness in anyway.

This was also reflected in the SASHA questionnaire

controller ratings obtained for Organisation A and C in Session 2. The Wilcoxon Mann Whitney
statistical tests found there to be no significant differences between controller ratings for
Organisation A and C for any of the SASHA dimensions measured. The mean rating values for
each dimension for both Organisation A and C are presented in graph 24. The data analyses
conducted on the SASHA questionnaires can be found in appendix 10.
SASHA Results per category (Mean values and standard
deviation per organisation)
6
ORG A

ORG C

SASHA Rates

5
4
3
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1
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Ahead of
traffic

Difficulty to
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Focus to
much on a/c
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assume

Plan &
Organise

Surprised by
a/c call

Figure 23: Situation awareness - SASHA ratings
6.7. SAFETY
Safety was assessed by EEC safety and operational experts by both observing the controllers
throughout the exercises and from the feedback gained from the safety-related question in the
EEC standard post exercise questionnaire, post organisation questionnaires, interviews and
debriefings. The following safety concerns and potential benefits resulting from both adhering

EVP – EEC Report No. 407

67

4D Trajectory Management Controller Simulation

EUROCONTROL

aircraft to a route and adhering aircraft to the route and TTA are reported below. The safety
team also identified potential means of mitigating the identified safety concerns:

6.7.1. Adhering to route
6.7.1.1. Safety concerns
Several safety concerns were identified as a result of adhering aircraft to the route.

The

identified safety concerns and possible mitigation strategies are listed below.
1.

The PC has less de-confliction tools, as directs are no longer used to ensure aircraft

separation. Therefore the only de-confliction tool available to the PC controller is change entry
level. Consequently, this may result in:
•

More short term conflicts.

•

Conflict solving becoming more demanding, with less tools available (no directs).

•

Some short term conflicts being detected early but controllers having to wait before
solving them, with the risk of forgetting them (e.g. waiting to cross another aircraft before
continuing descent at a level clear from the opposite traffic).

•

EC workload increases; the PC controller no longer looks to give directs, but has to take
more initiative to support EC in conflict detection and resolution.

•

One possible identified mitigation solution for this problem is route structure design and
FL planning to minimize occurrence of conflicts.

2. Adhering to the route may also result in more face-to-face traffic (stick to 3D route: no direct,
no offset to the route); if level parity rules are infringed there’s additional risk to loose
separation. Again a potential means of mitigating this problem is to re-design the current route
structure and FL: planning to minimise the occurrence of conflicts.
3. Adherence to route structure also results in traffic concentrating at crossing points, this may
lead to:
•

More complex conflicts, involving several a/c (whilst if directs were used for de
confliction, the number of conflicts might increase but each conflict is simpler as traffic is
more dispersed).

•

Monitoring becomes more difficult (e.g. detect a level bust in an area where a/c are
concentrated and labels overlapping).

•

A possible mitigation strategy for this potential safety concern would again be route
structure design and FL planning.
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4. Controllers may become distracted by trying to adhere aircraft to a 3D route when conflict
solving, instead of solving it in the most appropriate way for that specific pattern. Therefore
conflict resolution may be compromised in some way.
5. Adhering to 3D routes could result in there being more difficulty in granting preferred FL, as
such pilots requests might increase. Increased pilot requests would add to controller’s workload
and cause distraction.

6.7.1.2. Safety benefits
Three main possible safety benefits were identified from having to adhere to the route, these
were:
•

Adherence to route may help to prevent sector bunching and ‘smooth-out’ the traffic
flows, thereby resulting in unpredictable peaks and troughs in controller workload being
reduced or even eliminated.

•

Some directs used to de-conflict traffic might result in creating subsequent unpredictable
conflicts.

Therefore the restriction on the use of direct routings may prevent the

additional conflicts being created further down stream.
•

Maintaining aircraft on the route makes it easier to identify the ‘hot spots’ i.e. areas
where possible conflicts are likely to occur.

6.7.2. Adhering to route and TTA
6.7.2.1. Safety concerns
Several safety concerns were identified in addition to those listed above in 6.7.1 as a result of
adhering aircraft to the route and TTA. The identified safety concerns and possible mitigation
strategies for some of the safety concerns are listed below.
1. Significant speed changes (more than +- 5 knots) were not reported to the controllers. Speed
changes may be more frequent with TTA. They might be triggered automatically by the FMS,
without pilot intervention.
Three possible ways of mitigating this potential problem are:
•

Warning in the label.

•

Systematic pilot reporting (even when performed automatically).

•

TTA indication like (+), (-) or “under negotiation” might be an indication for the controller
that aircraft will potentially change its speed.
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2. Controllers may become distracted by trying to solve a conflict according to TTA +- indication
instead of solving it in the most appropriate way for that specific pattern, thereby potentially
compromising conflict resolution.
3. If pilot request concerns a remote waypoint there is a risk of creating conflicts or problems for
downstream sectors, as co-ordination with those sectors can’t be done.

To mitigate this

potential problem controllers’ should instruct a direct to a waypoint close to the sector border.

6.7.2.2. Safety benefits
One additional safety benefit was identified from having to adhere to the route and TTA, in
addition to those resulting from adhering to the route listed in 6.7.2:
Pilot requests for directs should decrease if TTA rules are applied by pilots.

6.8. PREDICTABILITY
The impact of adhering to the route and TTA on predictability was assessed by comparing the
difference between the actual distances flown compared to the estimated distance from the
route for both organisations A and C.
Impact on predictability was also going to be assessed by comparing time differences between
the actual time and expected time of arrival over a specified point for both organisation A and C.
However, unfortunately the system was unable to provide this data, so this analysis could not
be performed.
The comparison of the aircraft flown distances, and their expected flight plan path, between
Organisations A and C could give an indication of the possible offset between the predicted
trajectory and real one (See Figure 24).
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Predictability
Comparison of the Flown trajectories and their expected flight plan
Real flown trajectory distance minus flight plan route length per aircraft and organisation
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Figure 24: Predictability - comparison of real and expect flown distance
The results show that in Organisation A where controllers can use directs to both expedite
aircraft and resolve potential conflicts the actual distance flown is less (mean is -3,25 Nm, up to
13 Nm, with a standard deviation of 2,5 Nm) than that calculated from the original route.
However, in organisation C, the distance flown per aircraft does not differ greatly from that
calculated from the original route. The dispersion of the values suggests there is much more
uncertainty in the flown path in Org A where the controllers were able to use directs than in Org
C.
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Difference of ground flown distance between expected (FPL) and flown
distance, by organisation, in percentage of FPL length
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Figure 25: Comparison of flown distance and flight plan length
The comparison of the difference of flown distance and flight plan length, by flight plan length
(see Figure 25) also suggests that in Organisation C, the distance flown is close to the
corresponding flight plan length, 0.5% maximum, and in Org A the paths are shorten between
2.5 and 0.5 % for flight plan length between 120 and 300 Nm.

6.9. EFFICIENCY
Efficiency was assessed by comparing the overall flight duration along the aircraft path for both
Organisations A and C.
The graph below (figure 27) presents the difference in flight time for each aircraft between
organisation C and A. This difference is expressed as a percentage.
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Flown time difference per aircraft, Org C - Org A expressed in
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Figure 26: Flown time difference - org C minus org A
Data analysis using the Wilcoxon test shows that the difference between the flight duration for
Organisation C (where controllers were asked to adhere to the route and TTA) and Organisation
A (the control) is significant (Wilcoxon test with: p=0.0004, Z=3.53, T=169). Therefore the flight
duration is C is overall greater mainly between 30” and 1’30” more on all flights.
The distance flown performance data obtained for predictability could also be used to give an
indication of the impact of adhering aircraft to the route and TTA on efficiency.

6.10. COMPLEXITY
6.10.1. Bunching
The NATS bunching metric was used to give an indication of the impact of adhering to the route
and TTA on complexity and traffic patterns compared to the control.
The NATS bunching metric defines bunching as: a bunch is a 10 minutes period with N aircraft
entering an area/ crossing a point. The bunching is the time duration of bunches, or “time of
bunching” indicator.
The assessment of the bunching at the sector entries could not give any indication.

By

choosing the most over-flown beacons per sector (BAM for sector HR, SPY for sector DD and
OSN for sector HM– see map in Appendix 2), at main convergence areas of the simulated
airspace, the associated bunching values provides more interesting results.
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Bunching at SPY (Sector DD) - measured period is 45 mn
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Figure 27: Bunching at SPY - sector DD

Bunching at OSN (Sector HM) - measured period is 45 mn
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Figure 28: Bunching at OSN - sector HM
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Bunching at BAM (Sector HR) - measured period is 45 mn
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Figure 29: Bunching at BAM - sector HR
The figures above show the impact of the Org C procedures in terms of routings and traffic
patterns. In Org A, the minutes of bunching concerns few number of aircrafts crossing (e.g. from
1 to 6 aircraft crossing in the sliding 10 minutes interval by example at BAM). In Org C, the
minutes of bunching concern more aircraft, and suggest the complexity of the traffic patterns is
greater. For example, for more than 6 aircraft crossing the beacons during a 10 minutes period,
the overall duration of these periods is greater in Org C than in Org A.
It should be noted that all controllers strongly felt and stated on numerous occasions that for the
full benefits of the TTA concept to be achieved the current route structure would have to be
changed.

As one controller commented ‘The TTA does not work properly because of the

airspace structure. If you want to study the concept you need to study a new route structure’.

6.10.2. Traffic patterns
The impact of the organisations on the traffic patterns can also be shown by the following
examples of traffic patterns (see flown trajectories maps in Appendix 3 for organisation A, and
Appendix 4 for organisation C). The patterns indicates clearly the impact of the use of the
directs in the organisation A, and the subsequent dispersion of the tracks, by comparison with
the organisation C where the radar tracks are aligned on the airways patterns. The impact of the
organisations on the traffic pattern can then be analysed based on the traffic flows computed on
beacons (5Nm threshold) as displayed in the Appendix 5 and Appendix 6 traffic flows,
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respectively for the organisation A and the organisation C: the flows show a larger number of
less than 5 aircraft flows in organisation A than in organisation C.

6.11. DATA LINK BENEFITS AND LIMITATIONS
Overall, controllers were very positive about the data link services. All controllers agree that for
time critical tasks, i.e. tasks that require an immediate response, R/T must be used. Most
controllers reported to prefer to use R/T when their work situation was considered to be either
complex and/or high workload. Controllers considered R/T more reliable and the feedback
instantaneous. Therefore D/L was considered very useful as a tool that could not replace R/T
but could be used in conjunction with R/T.
There was also a general consensus that data link helped to reduce workload as you can more
easily perform multiple actions simultaneously as opposed to the current sequential way of
working with R/T and many actions or tasks can be performed quicker e.g. when using R/T
ATCOs can only perform one communications task at a time, transmitting and waiting for a reply
before moving on to the next transmission. Also the first call from an aircraft on R/T can
interrupt an ATCO working on another task whereas with data link the aircraft appears as
‘monitoring’ and the ATCO can assume the aircraft when ready.
Therefore several potential benefits relating to D/L were identified.
•

Data link frees up the frequency for more important things such as time critical activities.

•

Controllers reported they were able to perform several actions at once that is able to
send multiple orders to multiple aircraft in a short time, and reduces workload.

•

D/L makes the Operations Room much quieter and less stressful – some controllers
reported that read-back was often difficult in a noisy environment and could lead to
communication errors.

•

Data link removes communication errors which are not only dangerous but time
consuming and blocks up the frequency.

However there were several concerns expressed regarding the implementation of data link.
•

Two of the nine controllers reported that when busy, D/L can be distracting. Controllers
complained that with the D/L they often received multiple messages at once and this
could be stressful as they had to monitor and respond to 4 or 5 messages. With R/T you
can have R/T communication with only one aircraft at a time.
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Several controllers reported that D/L makes it more difficult for the PC to know what the
EC is focusing on and PC to do. For example, with R/T you can hear the communication
between pilot and EC and so you have a good understanding of the EC controllers plan
from listening to the communications.

•

There were some errors observed and reported due to mixed equipage of data link and
non-data link equipped aircraft. The most common error reported by controllers was to
input an instruction for a non-D/L equipped aircraft in the system as you would for a D/L
equipped aircraft but forget to contact the aircraft by R/T, therefore the system is
updated with the action but the pilot of the non-D/L aircraft is unaware of the action s/he
must take.

•

Roles and working methods needed to be more clearly defined to help prevent
redundant actions or actions not being performed.

•

A couple of controllers reported that being able to perform multiple actions in a shorter
space of time resulted in them being less aware of the actions they had performed and
more likely to forget what actions they had taken.

•

Other controllers reported to feel more aware of aircraft when they had radio contact; the
R/T contact with aircraft seemed to help them focus their attention.

•

A couple of controllers commented that the noise level in an operations room could give
an indication of the workload whereas the lack of noise gave a false sense of security
that the level of work is manageable.

•

Several controllers commented on the fact that R/T gave an indication of the current
status of a sector e.g. in terms of work load, and general situation both by what was
being said and also the tone of the controller’s voice. Data link led several controllers to
feel more ‘out of the loop’ as it was easier to lose concentration and for some reason
information.
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6.12. DATALINK AND TASK SHARING
How the tasks were delegated between the PC controller and EC depended on the EC the PC
controller was working with.
The performance indicators of the data link instructions use and sharing is based on the
analysis of the inputs of the data link orders, followed by a WILCO, per position, sector and
organisation and category.
Part of each position in the total amount of datalink uplinked instructions mean values per sector and organisation
Executive
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80%
70%

36,2%
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Figure 30: Datalink instructions repartition per position
The performance indicators show that the instructions input depends on the couple, airspace
structure / organisation.
The number of orders per position (see Figure 30) shows that the executive controllers uplinked
more orders than the planning controller. The task sharing was impacted by the organisation
and the type of sector. In sectors HM and HR, the number of messages uplinked by the
planning controller, in Organisation C, increased by 4.5% and 5.9% respectively, compared to
Organisation A.

However, the opposite was recorded in sector DD, where the number of

uplinked messages by the planning controller decreased in Organisation C, by 15.4 percent.
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Mean number of instructions per category, position, exercise - Sector DD
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Figure 31: Datalink instructions repartition - sector DD

Mean number of instructions per category, position, exercise - Sector HM
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Figure 32: Datalink instructions repartition - sector HM
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Mean number of instructions per category, position, exercise - Sector HR
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Figure 33: Datalink instructions repartition - sector HR
The type of orders uplinked by the PC depended on the sector the PC was manning. In DD,
(see Figure 31) the PC uplinked mainly transfer orders, very few other orders were uplinked by
the PC (in mean values, less than 1 speed, 3 directs..). Therefore in DD the tasks between PC
and EC appear to be quite clearly defined so resulting in a segregation of the kind of orders
uplinked by the EC and PC, in other words certain tasks were assigned to certain positions.
In sector HM (see Figure 32) and HR where there is a high percentage of ascending and
descending traffic the distribution of tasks between EC and PC seems less distinct, less well
defined. In HM the PC like the EC was found to be very active in uplinking a variety of different
types of orders, including transfers, level, heading and direct orders. In HR (see fig. 33) the PC
was found to uplink both level and transfer orders. This suggests that in HM and HR the EC
and PC are sharing the same tasks (i.e. the PC is at times taking on some of the EC tasks),
maybe to relieve the EC of some workload rather than working to a strategy where tasks are
clearly defined between the EC and PC as in sector DD.
Controllers strongly agreed that the EC and PC controller roles and responsibilities needed to
be clearly defined to prevent errors such as redundant actions or action omissions. Failure to
clearly define roles and responsibilities has safety implications. The overall consensus was that
the EC is ultimately responsible.
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CONCLUSIONS AND RECOMMENDATIONS

7.1. SUMMARY OF FINDINGS AND CONCLUSIONS
The main aim of this simulation was to present the TTA concept to controllers, obtain feedback
on the concept, investigate the impact of the TTA on controllers’ current role and tasks and get
a first assessment of its operational benefits and limitations in terms of its impact on controller
performance and decision making, workload, situation awareness, safety, predictability,
efficiency and complexity.
In summary, controllers were generally positive about the concept and the potential benefits it
could bring with regards to improved predictability and reduced traffic bunching. However, all
the controllers participating in the simulation strongly felt they should not be responsible for
ensuring adherence to the TTA. Further, most felt the concept should not involve ATC at all,
and should be kept between the airlines and pilots.
The feedback obtained from the controllers showed that having to allow aircraft to adhere to the
route and TTA affected the controllers’ tasks, in several ways:
•

The PC controllers were unable to use direct routings to resolve potential conflicts early.
As a result some PC controllers reported that they could do less pre-sector traffic
planning and preparation (other PC controllers reported to use level changes where
possible to ensure separation although they also reported that this was more difficult
than when they could use directs as well).

•

There was more monitoring. As PC controllers were unable to resolve potential conflicts
early, before they entered the sector, they had to monitor the evolution of the potential
conflicts within the sector.

•

The PC controller had to remind and advise EC controllers of the potential conflicts they
had identified and were monitoring within the sector and inform the EC of any changes.

•

As there was less pre-sector traffic planning and preparation that could be done, the
PCs role changed. The PC focused more on what was happening within the sector and
supported the EC controller more directly in his/her tasks – identifying and remembering
potential conflicts, monitoring their evolution, informing the EC controller of any changes
and advising on conflict resolution. These changes were mainly as a result of having to
allow aircraft to adhere to the route.
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The introduction of the TTA was not found to really affect the EC controller’s role but it was
found to affect their tasks: These changes to their task were also identified to be potential
safety issues.
•

Direct routings and/or speed changes could no longer be used to expedite traffic or
maintain separation as the TTA had to be respected and aircraft had to be kept on the
route as much as possible. As a result the EC had fewer tools available to resolve
potential conflicts.

•

Potential conflicts could not be dealt with early e.g. ‘give a direct and forget’. This meant
that controllers had to remember and continue to monitor any identified potential
conflicts until they could be resolved in a way that did not take them off the route for too
long. This reportedly increased the amount of monitoring and memory load placed on
the EC and the process of conflict resolution took more time.

•

As controllers could not resolve potential conflicts early, when they did act to resolve a
conflict they had less time and so the task of resolving a conflict became more time
pressured and time critical.

•

Conflict resolution was also said to be more difficult as controllers not only had to
consider aircraft separation but they also had to consider how their actions would affect
an aircraft’s TTA so they had an additional factor or constraint to consider when
resolving a potential conflict.

Findings from the EEC standard post exercise

questionnaire also showed that controllers rated it to be significantly more difficult to
maintain separation when that had to try to allow aircraft to adhere to the route and TTA,
than when they did not.
•

With the introduction of the TTA, pilot requests were reportedly given greater priority as
controllers knew that aircraft with a TTA requesting a direct had a good reason for their
request, i.e. to ensure TTA adherence. This reportedly put additional pressure on the
controllers to grant the pilots request or if the request could not be granted due whatever
reason propose an alternative solution. As a result several controllers reported their
tasks were becoming more time pressured and reactive.
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The reported impact of these changes on controller performance and working methods
depended largely on the working methods adopted by controllers in the real world, the airspace
/ sector characteristics, and the extent to which controllers used and considered the TTA.
The reported feelings of increased time pressure when having to allow aircraft to adhere to the
route and TTA were also reflected in the findings from the controller ratings on the NASA-TLX.
Temporal demand was rated to be significantly higher when controllers had to allow aircraft to
adhere to the route and TTA (Organisation C) compared to when they did not (Organisation A).
Controllers also rated their level of frustration on the NASA-TLX to be significantly greater when
they had to adhere to the route and TTA than when they did not. Interestingly, PCs generally
rated there to be a greater increase in frustration when adhering to the route and TTA compared
to the EC controllers. This suggests that for adhering to route and TTA is more frustrating for
the PC than the EC. This could be because the role of the PC changes to one of a ‘shadow’ EC
which observes supports and advises the EC but which does not have the responsibility to
execute the actions required. The NASA TLX ratings also showed that with regards to the
temporal demand, effort and performance dimensions there was a trend for the EC to be more
affected in terms of workload increase than the PC, suggesting that the introduction of the TTA
had a greater impact on EC controller workload than the PCs. However, no formal statistical
analyses were performed to further investigate the impact of controller role on the data collected
due to the small number of controllers participating in this simulation.
The AIM questionnaire ratings showed controllers had to put in significantly more effort to
manage their resources and multi-task when they had to allow aircraft to adhere to the route
and TTA than when they did not.

This may be due to the fact that when the TTA was

introduced pilot requests were given greater priority and controllers reportedly felt under
pressure to grant pilots their request as soon as possible and if the request could not be met,
propose an alternative solution. Each time a pilot requests an action it results in the controllers
having to update and amend their sector plan accordingly.

As a result the introduction of the

TTA reportedly made their tasks more reactive, and controllers felt they were more reacting to
events as opposed to preparing and executing a plan as they do currently.
The AIM questionnaire also showed that although not significant, there to be a trend for
controllers to rate that more effort was required with regards to decision making and problem
solving when they had to facilitate aircraft to adhere to the route and TTA than when they did
not. This somewhat reflects the feedback obtained from the controller interviews and debriefs.
Although not all, most of the controllers reported in the interviews and debriefs that the task
changes caused by the introduction of TTA concept had quite a big impact on the workload they
experienced. This impact on controller workload is not so apparent in the questionnaire data
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obtained. It may be that differences in workload expressed in the debriefs and interviews when
working with and without the TTA were not apparent from the questionnaire ratings because
most of the controllers only reported to consider the TTA ‘sometimes’ when resolving a conflict.
In fact they reported to only consider the TTA when workload was considered not too high and
they had the time. As a result controllers reported to only consider the TTA when resolving a
conflict a few times during an exercise with the majority of conflicts being resolved without
considering the TTA.
Both the controllers’ feedback and questionnaire ratings suggested that the introduction of the
TTA did not affect controller situation awareness compared to the control condition.
In terms of the system performance data obtained regarding predictability the results indicated
that with the current route structure although adhering aircraft to the route and TTA resulted in
the actual distance flown per aircraft being more in accordance with that predicted from the
route, it also meant the distance flown by aircraft was greater than when direct routings could be
used.

This in term would affect efficiency, as it would result in more fuel being consumed per

aircraft than when direct routings can be given to expedite aircraft. In addition in the current
system adhering to the route and TTA also increased the flight duration compared to when
direct routing could be used therefore again indicating that adhere to the route and TTA in the
current system may reduce ATM system efficiency. Further the bunching metric used to give an
indication of traffic patterns and complexity also suggest that adhering aircraft to the route in the
current system may increase the complexity of traffic patterns with traffic being more condensed
over certain crossing points. This supports what the controllers’ comments that in order for the
full potential benefits of 4D trajectory management such as adherence to route and TTA to be
achieved the current route structure must be modified.
A secondary aim was to build on the findings from the Gate to Gate simulations and gain further
feedback and data on the use and impact of the data link services on the roles and tasks of the
EC and PC controllers. Unlike in Gate to Gate, the familiarity of how each controller worked did
not exist between the ATCOs in this simulation, nine ATCOs came from five different Air
Navigation Service Providers. Based on this situation the simulation investigated whether the
PC would play a more active role as an EC as had occurred in the Gate to Gate simulation.
The controllers in the simulation had no difficulty in deciding when they should use data link
communications as opposed to R/T. However, seven of the nine controllers found it difficult in
deciding who between the EC and PC was responsible for each task. When the ATCOs in the
simulation were asked to experiment with task sharing/delegation, they were more cautious.
This was probably due to the fact that the controllers were unfamiliar with each other and each
other’s working methods. They felt that data link could be better utilised to share workload
84

EVP – EEC Report No. 407

4D Trajectory Management Controller Simulation

EUROCONTROL

between the EC and PC if controller tasks were clearly specified rather than working on an ad
hoc arrangement.

7.2. LESSONS LEARNT
7.2.1. Use of task analysis as a preliminary validation activity
Before the simulation was conducted a task analysis of the En-Route EC and PC current roles
was used to help identify the potential changes that may occur to the roles and tasks with the
introduction of the TTA. This helped specific user issues to be identified and helped an initial
understanding of the potential impact of the TTA concept on the controllers’ tasks to be gained
before the simulation. This in turn helped to better direct and focus the simulation activities.
Therefore it is highly recommended that this type of preliminary validation activity / initial
assessment using task analysis is conducted prior to future simulations. In fact, this has been
apparently recently been adopted as current practice in the EUROCONTROL CEATS research,
development and simulation centre.

7.2.2. Training
As with all simulations the importance of training could not be under-estimated. The controllers
participating in the simulation had a lot to learn with just one week of training. It was evident
from the post training questionnaires that one week of training was not sufficient especially for
controllers who had no previous experience of the simulation environment, airspace and/or
concepts under investigation to become familiar and confident working in this environment. As
training is paramount to the success of a simulation as much time as possible should be
allocated to familiarising participants with the simulation and operational environment as well as
the concepts being assessed. If possible training should take place over a number of weeks so
that by the time controllers participate in the simulation proper, to assess a concept or concepts,
they are completely familiar with and confident working in simulation and environmental
environment. Obviously the more training that can be given and the more familiar and confident
the controllers are working with the simulation platform and airspace being used then more
likely the controllers will be able to give a fair assessment of the concept(s) under investigation.
The training programme used several different methods and techniques, many of which have
been recommended from previous simulations and are considered as being good practice in
general training literature. Such methods and techniques are listed below and recommended
for future training programmes:
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A stepwise, modular training approach was used so controllers could gradually build up their
understanding, familiarity and confidence with the simulation, operational environment and
concepts under investigation.
A mix of power point presentations were presented to the ATCOs, covering the concepts being
simulated , the enablers and support tools, the HMI and the airspace and procedures for the
measured sectors. These sessions were supported by practical exercises where the controllers
could apply what they had learnt and gain hands on experience with the system and concepts.
Regular debriefs were held so that problem areas or misunderstandings could be identified as
early as possible and additional training given if necessary.
Training was also given on the questionnaires that were used to assess participants’
performance.

This helped to ensure participants understood exactly what information is

required for each question and how to correctly complete the questionnaire. This helped to
prevent any confusion or misinterpretation which can occur especially when the questionnaires
are not written in participants’ mother tongue.
Maastricht controllers participated in and facilitated the training playing an active role in the
airspace characteristics, traffic flows and procedures. The Maastricht controllers observed the
controllers during the training exercises and advised on working methods and strategies used in
particular sectors. Their participation was considered essential to the success of the training
programme on the airspace and procedures employed in the measured sectors. As such the
participation of controllers from the airspace being used in a simulation is highly recommended
to help train other controllers not familiar with the operational environment.
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7.2.3. Simulation objectives and use of a baseline organisation
The number of simulation objectives must be kept to a minimum. The simulation had two
objectives: the first was to investigate the feasibility of the TTA concept; the second was to build
on the Gate to Gate simulations and investigate further the impact of data link services.
The number of exercises that could be conducted over the two week simulation was fixed and
limited. Given this constraint and the fact that the TTA concept was the main focus of this
simulation, no baseline or control organisation for the data link services was performed. As a
result, findings with regards to the data link services were limited and only a description of
controllers’ performance could be gained. No comparison could be made to assess whether or
not there was a difference in performance between 75% data link equipage and a
control/baseline.
Further, due to the limited number of runs that could be performed, the organisation used to
assess the impact of 75% data link equipage in the simulation used in the Gate to Gate
simulation was used as the control condition for the TTA studies. Therefore, although there was
a control condition for the TTA concept there was no real baseline.

Ideally a 2005 baseline

should have been performed using 2005 traffic with the level of data link equipage for 2005.

7.2.4. Consideration of learning and practice effects
The impact of learning and practice on controller performance must be considered when
designing a simulation.

In Session 1 of the simulation controllers were introduced to the data

link services and TTA concept sequentially. As Session 1 progressed there was a marked
learning/ practice effect. As a result comparisons of the questionnaire data collected following
each exercise could not be used for comparison between the three organisations as it would be
impossible to tell whether any differences found were due to the different organisations or
practice/learning effects. Therefore in order for meaningful comparisons between organisations
to be made a more scientific approach which uses some form of counter balancing to help
minimise or omit learning and practice effects must be employed, this will also eliminate any
order of presentation effects which may also affect findings.

EVP – EEC Report No. 407

87

4D Trajectory Management Controller Simulation

EUROCONTROL

7.2.5. Use and conduct of debriefs and interviews
The simulation used both interviews conducted with one or two controllers followed by a group
debrief and was found to be an effective means of obtaining detailed feedback from controllers
regarding the concepts.
The interviews enabled all controllers to voice their experience and opinions especially those
who were less likely to speak up in group debrief and enabled controllers to express their views
without being influenced by other’s opinions. In addition the interviews enabled controllers to be
questioned in more detailed where necessary so a more in-depth understanding of the concepts
and their impact could be obtained.
The group debriefs complemented the interviews and were necessary to consolidate findings
gained from the individual interviews.
However, care should be taken when conducting interviews and debriefs to ensure the
necessary information is obtained and the results are not biased in anyway. Planning and
preparation is essential. Even the smallest details must be considered and managed as these
can affect the findings and outcome of the interviews and debrief session. Below is a short list
of things that can be done to make interviews and debriefings more effective:
•

A list of questions and / or topics to be covered and discussed is essential to ensure all
the necessary information is obtained.

•

Questions should be open-ended and prompts to encourage people talk should be
considered.

•

Questions should be non-directive to ensure the feedback obtained is not biased and /
or directed in any way.

•

The person or people leading the debriefings must be impartial and not express an
opinion or preference with regards to the feedback comments made or the concept
under investigation.

•

The room layout and seating arrangements must be considered to ensure all participants
can participate in debriefings and none of the participants are excluded in any way from
the discussion.

•

Debriefs and interviews should be recorded so that so that feedback can be clarified,
checked and verified if necessary.
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7.2.6. Use of terminology
Terminology and/or concepts such as workload and situation awareness used by validation and
human factors experts to help understand the impact of an operational concept on controller
performance must be properly defined and explained to participants. This will ensure there is
no confusion and/or misunderstanding about what is being measured / assessed during a
simulation and ensure there is a common understanding between researchers and participants
of what is being measured.
Where possible such concepts should be broken down or decomposed when being measured /
assessed so their meaning is more transparent. This will not only help to reduce any confusion
but will also enable researchers to gain a better, more in-depth understanding of the impact of
an operational concept on controllers performance. This is what questionnaires such as the
NASA-TLX, EEC AIM and SASHA, which have been designed specifically to measure such
concepts such as workload and situation awareness, aim to do by breaking down these
concepts into a number of related dimensions or constructs.
7.2.7. Recordings
The objectives of the recordings specifications were to obtain data concerning the description of
the behaviour ATC system (radar tracks, pilot/controller orders (SYSCO, datalink and standard
MASS orders), R/T communications) and advanced information (4D plan updates, expected
conflicts via MTCD logging). The descriptive gave useful information; however, the advanced
information raised the following issues:
•

The STORIA 4D profile updates data provide useful information concerning the flight
plan of the aircraft, but not the TTA assessment. These data correspond to any recomputing of the trajectory by the ground system: the latest route point estimated time of
over-flight is not coherent.

•

The STORIA conflict Pairs MTCD information does not take in account the information
on the conflict risk.

•

The MASS pilot order recordings must provide the fact that the order is provided either
after a datalink process, a script, or an operator input.

•

The MASS “Navstart” pilot order must provide more details including the new hour of
start.

Therefore, actions shall be required in order to enable to record more precise information
concerning the estimations of the TTA during the duration of the flight, and the MTCD related
information shall be recorded from the CWP logs, after the filtering of the HMI preparation,
without having the display of the MTCD windows.
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7.2.8. Metrics
The metrics usefulness depended a lot on the numbers of recorded observations. This
simulation did not setup enough run exercise in order to enable reliable comparisons: although
the statistical tests show significant differences, more exercises could reinforce and adjust the
provided values. In such conditions, the obtained information must be read as trends indications
only.
Some metrics were specified but not used into this document:
•

The expected conflicts metric was not operationally relevant enough, because of the low
level of differences between the conditions.

•

The last route point time deviation was not used because of the content of the profile 4D
updates.

•

The flight plan deviation metric was not computed because of the lack of information
concerning the initial 4D flight plan and the lack of time for analysis tools implementation.

•

The percentage of use of radio communications gave no trend between the
organisations and positions.

7.3. FUTURE STUDIES
With regards to the TTA, the simulation was a preliminary study to present an initial version of
the concept to the controllers to gain feedback and some preliminary performance data. The
TTA is very much in the initial stages of development and as such much work needs to be done
to clarify and further define the concept.

The simulation highlighted the immaturity of the

concept and the amount of work that needs to be done before such a concept can implemented
in the real world.

7.3.1. ‘State of the art’
Preliminary validation activities, that have not yet been conducted, (including a review of the
‘’state of the art’’), need to be performed. These should include:
•

A literature review of previous research conducted on 4 D trajectories so that we can
build on and learn from other research conducted in this field.

•

A case study of current real world analogous TTA applications, such as controlled
airspace interface with oceanic areas, as in Shannon.
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A case study of ATC environments where controllers have to ensure traffic
synchronisation as well as separation to prepare traffic for AMAN such as ATC En-Route
operations at Athis Mons for LFPG (Paris, Charles de Gaulle).

The TTA and the tolerance window need to be further defined.
•

Fast time simulations need to be performed to help define the scheduling window and
identify the optimal size of the time frame tolerance window required to ‘smooth’ the
traffic in such a way that proposed benefits with regards to predictability are achieved.

•

Real time human in the loop research simulations need to be performed using the
findings from the FTS to investigate the affect of tolerance window size on controller
performance. These simulations would use treated traffic based on tolerance windows
sizes found from the FTS that optimise system performance. These studies will enable
the optimal size of tolerance window in terms of both system performance and controller
performance to be identified.

•

The TTA needs to be further defined in terms of ‘on-time’, ‘TTA drift’ and ‘missed’.

7.3.2. TTA definition
If the controller is to be involved in ensuring adherence to the TTA operational procedures for
the TTA ‘on-time’, ‘drift’ and ‘missed’ need to be defined:
•

Scenario driven talk-through and walkthroughs using operational experts could be used
to facilitate the development of such operational procedures.

•

Prototyping sessions followed by real time simulations would then be used to further
refine and develop the TTA operational procedures.

The controllers who participated in the simulation were adamant that the pilot should be
responsible for ensuring adherence to the TTA. Some controllers even felt that the controller
should not be involved with the TTA at all. Therefore the role and responsibilities of ATC and
the controllers needs to be further defined. Studies need to be conducted to help define the role
and responsibilities of ATC and the controllers.
•

Small scale research simulations need to be conducted to investigate the impact
different levels of controller responsibility has on TTA adherence and performance in
general. These would be followed by larger scale real time simulations.
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7.3.3. Pilots role and responsibilities
Likewise, similar studies need to be conducted to define the pilots’ role and responsibilities with
regards to the TTA. The pilot has accurate information regarding the ETA or TTA. He/she is
more informed, than the ATCO, about his/her aircraft capability (not only in terms of general
performance but also current fuel levels etc.) and will be tasked to fly aircraft according to airline
strategy. The ATCO, on the other hand, has more information than the pilot regarding the
location and intent of other aircraft flying in the same airspace. Both sets of information are
required to ensure any action performed by either the pilot or ATCO to achieve a TTA is safe.
This constraint may influence concept design, and define the responsibilities of pilots, and their
roles with regards to the TTA.
Small scale human in the loop simulations followed by larger scale real time simulations need to
be conducted to investigate the impact of different levels of pilot responsibility on performance.

7.3.4. Definition of ‘conditions of use’
During the simulation controllers only reported to consider the TTA ‘sometimes’ when workload
was considered not too high.

As workload levels in the simulation were considered to be

relatively high throughout controllers reported to solve the majority of conflicts without
considering the TTA. Studies need to the performed to find out under what conditions the TTA
can and will be used for the benefits to be gained, and to define the controllers’ performance
envelope with regards to the TTA. Research activities need to be conducted into non-nominal
situations to identify what are the consequences of system failure or adverse weather conditions
etc. and procedures for each of these non-nominal situations need to be defined.
•

Small scale research simulations to investigate the impact of TTA under different
traffic conditions, such as traffic load and complexity, to define the controller
performance envelope for the TTA.

•

HAZIDs and HAZOPS need to be conducted to identify and investigate the potential
impact of hazardous situations with regards to the TTA and identify potential
mitigation strategies.

•

Real time simulations should be used to further investigate the TTA under nonnominal situations.
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7.3.5. HMI requirements
TTA HMI information requirements need to be identified in terms of what information needs to
be displayed to the controller. In the simulation the controllers were unanimous in their opinion
that the TTA HMI (which consisted of showing a plus or minus sign when an aircraft was either
ahead or behind schedule) was insufficient, especially if they had to be involved to any way in
ensuring TTA adherence. Controller information requirements will depend on the controllers’
role and responsibilities with regards to the TTA. How this information should be displayed on
the controllers CWP also needs to be defined.
•

Controllers role and responsibilities with regards to the TTA will be used to help define
information requirements.

•

HF requirements and relevant standards for HMI design need to be identified to inform
design of TTA HMI.

•

Prototyping sessions followed by real time simulations should be used to further
evaluate and develop HMI.

7.3.6. Airspace design requirements
One of the main comments from controllers participating in this study was that for the full
benefits of the TTA to be realised the airspace would have to be re-designed. Therefore,
research needs to be conducted to identify the airspace design requirements with regards to
this concept.
•

FTS complemented by RTS need to be conducted to investigate the impact of airspace
design and how this can be adapted to obtain most benefit from the TTA.

Route

structure e.g. uni-directional traffic flows and sector configuration, e.g. sector size are all
things that need be investigated so that the benefits of the TTA are optimised.
•

The location of the TTA in the system needs to be defined for example should there be
one TTA at the IAF or multiple TTAs within each sector.
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8. ACRONYMS AND ABBREVIATIONS
Table 17: List of acronyms and abbreviations
TERM

DEFINITION

4D

4 Dimensions (i.e. Longitude, Latitude, Altitude and Time)

A/C

Aircraft

ACC

Area Control Centre

ACE

AVENUE Compliant ESCAPE
New ESCAPE real time simulation platform

ACL

ATC Clearances

ACM

ATC Communication Management

ACT

Activation Message (SYSCO)

ADAP

Automated Downlink of Aircraft Parameters
See CAP and PPD

ADD

Aircraft Derived Data

ADS-B

Automatic –Dependent Surveillance – Broadcast

ADS-B is a function on an aircraft or surface vehicle that
broadcasts position, altitude, vector and other information for use by
other aircraft, vehicles and by ground facilities.
AMAN

Arrival Manager (Tool)

AENA

Aeropuertos Españoles Navegación Area

ANOVA

Analysis of Variance

ANSP

Air Navigation Service Provider

APW

Area Proximity Warning

ASPA-S&M

94

Airborne Surveillance Package Application – Enhance Sequencing
and Merging

ASAS

Airborne Separation Assurance System

ATC

Air Traffic Control

ATCO

Air Traffic Control Officer

ATFCM

Air Traffic Flow & Capacity Management

ATFM

Air Traffic Flow Management

ATM

Air Traffic Management

ATS

Air Traffic Services

CAP

Controller Access Parameters
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TERM

DEFINITION
An ADAP service

CFL

Cleared Flight Level

COP

Co-ordination Point (SYSCO)

CPDLC

Controller Pilot Data Link Communications

D/L

Data Link

DOW

Description Of Work

EC

European Commission

ECAC

European Civil Aviation Conference

ECHOES

EUROCONTROL Consolidated HMI for Operations, Evaluations
and Simulations

EEC

EUROCONTROL Experimental Centre

ELW

Extended Label Window

E-OCVM

EUROCONTROL – Operational Concept Validation Methodology

ESCAPE

EUROCONTROL
Experimentation

Simulation

Capability

EXC (EC)

Executive Controller

FDPS

Flight Data Processing System

FIR

Flight Information Region

FL

Flight Level

FTS

Fast Time Simulation

G2G / GTG

Gate to Gate

HMI

Human machine Interface

ICAO

International Civil Aviation Organisation

IPAS

Integrated Preparation and Analysis System

ISA

Instantaneous Self Assessment

and

Platform

for

A workload assessment method
KPI

Key Performance Indicator

Kts

Knots

MIW

Message In Window

MONA

Monitoring Aids

MOW

Message Out Window

MUAC

Maastricht Upper Airspace Control Centre

MTCD

Medium Term Conflict Detection

NASA

National Aeronautics and Space Administration
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TERM

DEFINITION

Nm

Nautical Miles

NOP

Network Operations Plan

NS

Next Sector

NTCT

Non Time Critical Tasks

OC

Operational Concept

OCD

Operational Concept Document

ORG, Org

Organisation

OSED

Operational Service and Environment Description

PAM

Pilot Acknowledgement Message

PEL

Planned Entry Level

PFL

Planned Flight Level

PLC (PC)

Planning Controller

PPD

Pilot Preference Downlink
An ADAP service
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R&D

Research and Development

R/T

Radio Telephony

RFL

Requested Flight Level

ROC/D

Rate of Climb / Descent

RPVD

Radar Plan View Display

RTS

Real-Time Simulation

SASCHA

Situational Awareness for SHAPE

SESAR

Single European Sky ATM Research in Air Transportation

SHAPE

Solutions for Human-Automation Partnerships in European ATM

SIL

Sector Inbound List

SIM

Simulation

SSR

Secondary Surveillance Radar

STCA

Short Term Conflict Alert

STORIA

Software Tool for Online Recording and Interactive Analysis

SYSCO

System Supported Co-ordination

TP

Trajectory Predictor (Prediction)

TRA

Temporary Restricted Area

TTA

Target Time of Arrival

UAC

Upper Area (Control) Centre
EVP – EEC Report No. 407

4D Trajectory Management Controller Simulation

TERM

EUROCONTROL

DEFINITION

VERA

Verification and Resolution Advisory (Tool)

WP

Work Package

XFL

Exit Flight Level
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Appendix 1. Assessment of TTA concept using task analyses
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Task

Sub Tasks

Main
Actor

3.1.1.1 Detect Aircraft Position
3.1.1.2 Understand Aircraft's Routing, RFL and Destination

PC

Other
Actors

Change under MTOC NOP/TTA

3.1 Procedural Tasks
3.1.1 Detect Planned Flight

This task will be affected by the change in
definition of QofS from 'expedite' to 'ensure
ontime'

3.1.2 Plan aircraft through sector
3.1.2.1. Manage sector problems
3.1.2.1.1 Identify Entry/Transit/Exit
Problems

3.1.2.1.1.1 Get Aircraft's Position, Level and Time at Waypoints
3.1.2.1.1.2 Get Other Aircrafts' Positions, Levels and Times at
Shared Waypoints
3.1.2.1.1.3 Search for Interactions

PC

3.1.2.1.2 Find Entry/Transit/Exit
Solutions

3.1.2.1.2.1 Understand Aircraft Capability
3.1.2.1.2.2 Entry Solutions
3.1.2.1.2.2.1 Consider a Change in Entry Level Solution
3.1.2.1.2.2.2 Consider a Change in Entry Point Solution
3.1.2.1.2.3 Transit Solutions
3.1.2.1.2.3.1 Consider a Change in Cruise Level Solution
3.1.2.1.2.4 Exit Solutions
3.1.2.1.2.4.1 Consider a Change in Exit Level Solution
3.1.2.1.2.4.2 Consider a Change in Exit Point Solution

PC

3.1.2.1.3 Verify Entry/Transit/Exit
Solutions

3.1.2.1.3.1 Get Aircraft's New Position, Level and Time at
Waypoints
3.1.2.1.3.2 Get Other Aircrafts' Positions, Levels and Times at
Shared Waypoints
3.1.2.1.3.3 Search for Interactions

PC

3.1.2.1.4 Choose Best
Entry/Transit/Exit Solution

3.1.2.1.4.1
3.1.2.1.4.2
3.1.2.1.4.3
3.1.2.1.4.4

PC
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Consider
Consider
Consider
Consider

Safety Assurance
ATC Constraints
Quality of Service Level
Level of Workload
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Task

Sub Tasks

3.1.2.1.5 Warn of Unsolved
Entry/Transit/Exit Problems

3.1.2.1.5.1
3.1.2.1.5.2
3.1.2.1.5.3
3.1.2.1.5.4

EUROCONTROL

Main
Actor
Verbally Inform EC
Mark FPS
Cock FPS
Highlight Aircraft Label

PC

Change under MTOC NOP/TTA

EC

QofS definition changed from 'expeditious' to 'on
time'. Therefore quality of service improvements
will change as the ATCO will have to try and
ensure that his/her actions do not affect adherence
to the TTA. As the TTA is calculated based on a
specific route plan this means that QofS actions
currently performed such as shortcut entry and
exit point, direct routings can no longer be
performed in realtion to improving QofS.

3.1.2.2 Identify quality of service
improvement

3.1.2.2.1 Identify Quality of Service
Improvement

3.1.2.2.1.1
3.1.2.2.1.2
3.1.2.2.1.3
3.1.2.2.1.4

3.1.2.2.2 Verify Quality of Service
Improvement

3.1.2.2.2.1 Get Aircraft's New Position, Level and Time at
Waypoints
3.1.2.2.2.2 Get Other Aircrafts' Positions, Levels and Times
at Shared Waypoints
3.1.2.2.2.3 Search for Interactions

PC

3.1.2.2.3 Choose Best Quality of
Service Improvement

3.1.2.2.3.1
3.1.2.2.3.2
3.1.2.2.3.3
3.1.2.2.3.4

PC
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Other
Actors

Consider
Consider
Consider
Consider

Consider
Consider
Consider
Consider

a
a
a
a

More
More
More
More

Expeditious Entry Point
Efficient Entry Level
Expeditious Exit Point
Expeditious Exit Level

Safety Assurance
ATC Constraints
Quality of Service Level
Level of Workload

PC

Planner will be more restricted in what he can do
as definition of QofS has changed from
'expeditous' to 'on-time' i.e. a/c must adhere to
flight plan route +TTA. Therefore PC is less likely
to change a/c trajectory entry and exit points and
levels. Planning will be more limited.

Definition of QofS changed - therefore change in
the actions that will best improve QofS, e.g. direct
routing no longer given. Typical solutions for
certain problems will change.
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Main
Actor

Task

Sub Tasks

3.1.2.3 Co-ordinate Change in Entry
Conditions

3.1.2.3.1 Make Co-ordination Proposal
3.1.2.3.1.1 Propose New Entry Point
3.1.2.3.1.2 Propose New Entry Level
3.1.2.3.2 Receive Response
3.1.2.3.3 Assess Response
3.1.2.3.3.1 Identify Any Resulting Entry/Transit/Exit
Problems (ref)
3.1.2.3.4 Co-ordination Agreement Reached
3.1.2.3.4.1 Update FPS
3.1.2.3.4.2 Inform EC
3.1.2.3.5 Co-ordination Agreement Not Reached
3.1.2.3.5.1 Warn Unsolved of Entry/Transit/Exit Problems
(ref)

PC

3.1.3.1.1 Get Aircraft Location
3.1.3.1.2 Get Aircraft Level

EC

Other
Actors

PC(-)

Change under MTOC NOP/TTA

A change in entry conditions will not occur in
relation to QofS under TTA as a/c must adhere
as far as possible to flight route path.
Therefore this task is less likely to take place
with the introduction of a NOP/TTA as it would
perhaps only be done in response to a
problem.

3.1.3 Assume Aircraft
3.1.3.1 Monitor Incoming Traffic
3.1.3.2 Receive Aircraft Calling-In

EC

3.1.3.3 Detect Aircraft

3.1.3.3.1
3.1.3.3.2
3.1.3.3.3
3.1.3.3.4

Confirm
Confirm
Confirm
Confirm

3.1.3.4 Understand Previous Planning

3.1.3.4.1
3.1.3.4.2
3.1.3.4.3
3.1.3.4.4

Changed Entry Conditions (level, point)
Problem Warnings
Planned Cruising Level
Planned Exit Conditions

EC

3.1.3.5 Check/Refine Previous
Planning

3.1.3.5.1 Initial Conflict Search - Conflict Management (ref)
3.1.3.5.2 Look for Quality of Service Improvements Maximise Quality of Service (ref)

EC

3.1.3.6 Reply to Aircraft

3.1.3.6.1 Acknowledge Aircraft
3.1.3.6.2 Issue Initial Clearance - Execute Aircraft's Plan
(ref)

EC

3.1.3.7 Record on Frequency

3.1.3.7.1 Mark FPS 3.1.3.7.2 Update Label

EC
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Aircraft Location
Aircraft Level
Aircraft's Current Clearance
Aircraft's Routing, RFL and Destination

Pilot

EC

PC

Change in QoS therefore improvements to
maximise QofS will change, e.g. no directs

Pilot
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Main
Actor

Sub Tasks

Other
Actors

Change under MTOC NOP/TTA

3.1.4 Execute Aircraft's Plan
3.1.4.1 Monitor Aircraft's Plan For
Action Points

PC

EC

Pilot

EC

Pilot

3.1.4.2 Request Information from
Aircraft

3.1.4.2.1
3.1.4.2.2
3.1.4.2.3
3.1.4.2.4
3.1.4.2.5

3.1.4.3 Provide Information to
Aircraft

3.1.4.3.1 Turbulence Reports
3.1.4.3.2 Traffic Information

3.1.4.4 Issue Instructions

3.1.4.4.1 Conflict Resolution Instructions (headings, speeds,
levels)
3.1.4.4.2 Conformance Correction Instructions (directs,
headings, speeds, levels)
3.1.4.4.3 Quality of Service Improvement Instructions
(directs, good levels, free speeds)
3.1.4.4.4 Instructions to Meet ATC Constraints (levels,
speeds)
3.1.4.4.5 Responses to Aircraft Requests
3.1.4.4.6 Verify Readback
3.1.4.4.7 Update FPS

EC

Pilot

3.1.4.5 Co-ordinate Change in Exit
Conditions

3.1.4.5.1 Make Co-ordination Proposal
3.1.4.5.1.1 Propose New Exit Point
3.1.4.5.1.2 Propose New Exit Level
3.1.4.5.2 Receive Response
3.1.4.5.3.1 Identify Any Resulting Entry/Transit/Exit
Problems (ref)
3.1.4.5.4 Co-ordination Agreement Reached
3.1.4.5.4.1 Update FPS
3.1.4.5.5 Co-ordination Agreement Not Reached
3.1.4.5.5.1 Warn Unsolved of Entry/Transit/Exit Problems
(ref)

PC

PC(+)
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Non Conformance Rational
Estimates
Aircraft Reports
Aircraft State
Aircraft Capability

EC

Instructions relating to QofS will change i.e. no
directs. Speed and levels instructions relating to
Qof S will no longer be instructions but more
suggestions I.e. if an ATCO sees that the a/c is
drifting from his TTA s/he can make suggestions
relating to speed and levels changes and the pilot
will accept or refuse after considering his TTA and
the airline strategy etc..
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Task

Sub Tasks

3.1.4.6 Request a Entry/Exit Radar
Handover

3.1.4.6.1 Make Radar Handover Proposal
3.1.4.6.1.1 Request New Exit/Entry Heading 3.1.4.6.1.2
Request New Exit/Entry Level
3.1.4.6.1.3 Request New Exit/Entry Speed
3.1.4.6.2 Receive Response
3.1.4.6.2.1 Agree on Handover Conditions
3.1.4.6.2.1.1 Update FPS
3.1.4.6.2.2 Disagree on Handover Conditions

Main
Actor

Other
Actors

EC

EC(-),
EC(+)

PC

PC(+)

EC

Pilot

EC

PC

3.2.1.2 Search Aircrafts Plans for
Conflicts

3.2.1.2.1 Get Aircraft's Position, Level and Time at
Waypoints
3.2.1.2.2 Get Other Aircrafts' Positions, Levels and Times at
Shared Waypoints
3.2.1.2.3 Extrapolate Aircraft Positions Between Waypoints
3.2.1.2.4 Search for Interactions

EC

PC

3.2.1.3 Search Radar for Conflicts

3.2.1.3.1 Linearly Extrapolate Aircraft Positions
3.2.1.3.2 Search for Interactions

EC

3.1.4.7 Forward New Exit ETO

3.1.5 Transfer Aircraft

3.1.5.1 Determine if Aircraft Can Be Transferred
3.1.5.1.1 Final Conflict Check - Conflict Management (ref)
3.1.5.1.2 Check Exit Conditions Will Be Reached - Assess
Achievement of Exit Conditions (ref)
3.1.5.2 Instruct Aircraft to Change Frequency
3.1.5.3 Verify Readback
3.1.5.4 Update FPS

Change under MTOC NOP/TTA

3.2 Continuous Tasks (can result
in changes to the aircraft plan)
3.2.1 Conflict management
3.2.1.1 Identify Suspected Conflicts
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Main
Actor

Sub Tasks

3.2.1.4 Request Information (Aircraft
State Info) from Aircraft [Plan and
Execute Now]

3.2.1.5 Postpone Conflict Solution

EC

3.2.1.5.1 Consider Workload

EC

3.2.1.6.1 Find Conflict Solutions

3.2.1.6.1.1 Understand Aircraft Capability
3.2.1.6.1.1.1 Request Information (Aircraft Capability)
from Aircraft [Plan and Execute Now]
3.2.1.6.1.2 Plan a Vectoring Solution
3.2.1.6.1.3 Plan Routing Solution
3.2.1.6.1.4 Plan Speed Solution
3.2.1.6.1.5 Plan Level Solution

EC

3.2.1.6.6 Verify Solutions

3.2.1.6.6.1 Linearly Extrapolate Conflict Solution
3.2.1.6.6.2 Linearly Extrapolate Other Aircraft Positions
3.2.1.6.6.3 Get Aircraft's What-if Position, Level and Time at
Waypoints
3.2.1.6.6.4 Get Other Aircrafts' Positions, Levels and Times
at Shared Waypoints
3.2.1.6.6.5 Search for Interactions

EC

3.2.1.6.7 Choose Best Solution

3.2.1.6.7.1
3.2.1.6.7.2
3.2.1.6.7.3
3.2.1.6.7.4
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Consider
Consider
Consider
Consider

Safety Assurance
ATC Constraints
Quality of Service Level
Level of Workload

Change under MTOC NOP/TTA

See
Request
Informati
on from
Aircraft
task

The way in which ATCOS resolve conflicts may be
affected as there will be a change in the prefered
or 'best' conflict resolution options

EC

3.2.1.6 Solve Conflicts

3.2.1.7 Update Aircraft's Plan with
Conflict Solution Actions

Other
Actors

Pilot

The prefered or 'best' conflict resolution option will
be the one that intefers the least with 3D + TTA
adherence e.g. with TTA implementation unlike
today a routing e.g. direct routing solution would
be the least prefered conflict resolution as it would
have the greatest affect on the TTA.

EC

EC

PC
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Task

Main
Actor

Sub Tasks

Other
Actors

Change under MTOC NOP/TTA

3.2.2 Conformance Management
3.2.2.1 Get Current Aircraft State

3.2.2.1.1 Get Aircraft Location
3.2.2.1.2 Get Aircraft Level
3.2.2.1.3 Get Aircraft Speed

EC

PC

3.2.2.2 Recall Aircraft Plan

3.2.2.2.1 Get Aircraft's Routing, RFL and Destination
3.2.2.2.2 Get Aircraft's Current Clearance

EC

PC

3.2.2.3 Check Conformance to
Aircraft's Plan

3.2.2.3.1 Check Conformance to Flight Plan
3.2.2.3.2 Check Conformance to Instructions

EC

PC

3.2.2.4 Search and Solve NonConformant State For Conflicts Conflict Management (ref)

EC

3.2.2.5 Request Information (Non
Conformance Rational) from Aircraft
[Plan and Execute Now]

3.2.2.6 Correct Non-Conformance

3.2.2.7 Update Aircraft's Plan With
Non-Conformance Correction

106

EC

3.2.2.6.1 Plan Reissuing the Instruction Being NonConformed With
3.2.2.6.2 Plan reissuing Appropriate Routing Instructions

See
Request
Informati
on from
Aircraft
task

EC

EC
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Main
Actor

Sub Tasks

3.2.3 Maximise Quality of Service

3.2.3.1 Identify Quality of Service
Improvement

3.2.3.2 Verify Quality of Service
Improvement

3.2.3.2.1 Linearly Extrapolate What-if Aircraft Position
3.2.3.2.2 Linearly Extrapolate Other Aircraft Positions
3.2.3.2.3 Get Aircraft's What-if Position, Level and Time at
Waypoints
3.2.3.2.4 Get Other Aircrafts' Positions, Levels and Times at
Shared Waypoints
3.2.3.2.5 Search for Interactions

3.2.3.3 Choose Best Quality of Service
Solution

3.2.3.3.1
3.2.3.3.2
3.2.3.3.3
3.2.3.3.4

EVP – EEC Report No. 407

Consider
Consider
Consider
Consider
Consider
Consider
Consider

Consider
Consider
Consider
Consider

a More Expeditious Sector Routing
a More Efficient Vertical Profile
a More Efficient Speed Profile
a More Expeditious Exit Point
a More Efficient Exit Level
Issuing Turbulence Warning
Issuing Context Traffic Information

Safety Assurance
ATC Constraints
Quality of Service Level
Level of Workload

Change under MTOC NOP/TTA
Quality of Service definition changed so the task of
'maximising quality of service' will be affected.
ATCOs goal will no longer be to 'expedite' traffic
but will be to allow or help a/c achieve it TTA - this
means that the ATCO must try not to perform
actions that may prevent the a/c meeting its TTA.
For example ATCOs will not give direct routings
unless they are requested by the pilot as a 'direct'
may cause a/c to be ahead of schedule and too
much in advance of his TTA. However, if ATCO
notices that a/c is behind or ahead of his TTA he
may suggest to the pilot a speed or route change
etc. if he thinks it would help a/c better achieve his
TTA, but this suggestion has to be accepted or
refused by the pilot. Whether the pilot accepts,
refuses will depend on airline strategy and also the
FMS predicted impact of the suggested action on
his TTA. The pilot may also propose an alternative
which must be accepted or refused by the ATCO.
Therefore this introduced additional pilot/ATCO
dialogue.

EC

3.2.3.1.1
3.2.3.1.2
3.2.3.1.3
3.2.3.1.4
3.2.3.1.5
3.2.3.1.6
3.2.3.1.7

Other
Actors

EC

EC

EC
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Task

Main
Actor

Sub Tasks

3.2.3.4 Plan Asking for an Aircraft
Report

EC

3.2.3.5 Update Aircraft's Plan with
Quality of Service Improvements

EC

Other
Actors

3.2.4.1 Assess Achievement of Exit
Point and Level

3.2.4.1.1 Recall Exit Conditions
3.2.4.1.2 Identify if Conflict Solutions Prohibit Achieving Exit
Conditions
3.2.4.1.2.1 Search Aircraft's Plan for Conflict Solutions
3.2.4.1.3 Identify if Aircraft Vertical Performance Prohibits
Achieving Exit Level
3.2.4.1.3.1 Linearly Extrapolate Aircraft Vertical Position
3.2.4.1.4 Plan New Exit Conditions
3.2.4.1.4.1 Recall Exit Conditions From The Conflict
Solution
3.2.4.1.4.2 Choose a New Exit Level
3.2.4.1.4.2.1 Plan New Level
3.2.4.1.4.2.1.1 Linearly Extrapolate What-if Aircraft
Position
3.2.4.1.4.2.2 Verify New Level
3.2.4.1.4.2.2.1 Linearly Extrapolate What-if Aircraft
Position
3.2.4.1.4.2.2.2 Linearly Extrapolate Other Aircraft
Positions
3.2.4.1.4.2.2.3 Search for Interactions
3.2.4.1.4.2.3 Choose Best Level
3.2.4.1.4.2.3.1 Consider Safety Assurance
3.2.4.1.4.2.3.2 Consider Quality of Service Level
3.2.4.1.5 Choose Type of Co-ordination
3.2.4.1.5.1 Plan a Regular Exit Co-ordination
3.2.4.1.5.2 Plan a Exit Radar Handover

EC

PC

3.2.4.2 Assess Achievement of Exit
ETO

3.2.4.2.1 Recall Original Exit ETO
3.2.4.2.2 Determine New Exit ETO
3.2.4.2.2.1 Request Information (Estimates) from Aircraft
[Plan and Execute Now]
3.2.4.2.3 Plan to Forward a New ETO

EC

Pilot
PC
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Main
Actor

Other
Actors

Task

Sub Tasks

3.2.5 Workload Monitoring

3.2.5.1 Consider Current Workload Level
3.2.5.2 Consider Future Workload Level
3.2.5.2.1 Plan Co-ordinations to Minimise Future Workload
3.2.5.3 Inform Supervisor

EC, PC

3.3.1 React to Unsolved Entry
Problems

3.3.1.1 Detect Entering Aircraft With Problem - Detect
Aircraft (ref)
3.3.1.2 Confirm and Solve Entry Conflict - Conflict
Management (ref)
3.3.1.3 Identify if Entry Conflict Solution Requires a Change
in Entry Conditions
3.3.1.3.1 Search Aircraft's Plan for Conflict Solution
3.3.1.4 Plan and Perform an Entry Radar Handover

EC

3.3.2 Respond to Safety Net
Alerts

3.3.2.1 Refine Conflict Detail
3.3.2.1.1 Linearly Extrapolate Aircraft Positions
3.3.2.1.2 Search for Interactions
3.3.2.2 Solve Conflict (ref)
3.3.2.3 Update Aircraft's Plan with Conflict Solution Actions

EC

See Solve
Conflict
sub-tasks

3.3.3 Respond to Received Coordinations

3.3.3.1 Receive Co-ordination Proposal
3.3.3.2 Assess Proposal
3.3.3.2.1 Verify Proposal is Problem Free - Verify Solution
(ref)
3.3.3.3 Make Counter-Proposal
3.3.3.4 Co-ordination Agreement Reached
3.3.3.4.1 Update FPS
3.3.3.5 Co-ordination Agreement Not Reached

PC

PC(-)
PC(+)

3.3.4 Respond to Received Radar
Handover Proposals

3.3.4.1 Receive Radar Handover Proposal
3.3.4.2 Assess Proposal
3.3.4.2.1 Verify Proposal is Conflict Free - Verify Solutions
(ref)
3.3.4.3 Respond to Proposal
3.3.4.3.1 Agree on Handover Conditions
3.3.4.3.1.1 Update Aircraft's Plan with Handover
Conditions
3.3.4.3.1.1.1 Update FPS
3.3.4.3.2 Disagree on Handover Conditions

EC

EC(-)
EC(+)

Change under MTOC NOP/TTA

SUP

3.3 Reactive tasks
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Main
Actor

Task

Sub Tasks

3.3.5 Process Aircraft Requests

3.3.5.1 Receive Request
3.3.5.2 Assess Request
3.3.5.2.1 Verify Request is Conflict Free - Verify Solutions
(ref)
3.3.5.2.2 Check If Request Requires Co-ordination
3.3.5.2.2.1 Plan Exit Co-ordination
3.3.5.3 Make Alternative Proposal
3.3.5.4 Grant Request
3.3.5.4.1 Update Aircrafts Plan with Requested Conditions
3.3.5.5 Acknowledge Request
3.3.5.5.1 Consider Request in Future Quality of Service
Tasks
3.3.5.6 Deny Request

EC

3.3.6 Respond to Aircraft Reports

3.3.6.1 Receive Report
3.3.6.2 Respond to Requested Reports
3.3.6.2.1 Integrate Report into Aircraft's Planning
3.3.6.3 Respond to Unrequested Reports
3.3.6.3.1 Turbulence Report
3.3.6.3.1.1 Process Accompanying Request (ref)
3.3.6.3.1.2 Add Information to Quality of Service
Planning
3.3.6.3.2 ETO Report
3.3.6.3.2.1 Assess Achievement of Exit Conditions (ref)
3.3.6.3.3 TCAS Report
3.3.6.3.3.1 Observe TCAS Manoeuvre

EC

3.3.7 Respond to ETO Revision

3.3.7.1 Receive Revision
3.3.7.2 Update FPS

PC
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Other
Actors

Pilot

Change under MTOC NOP/TTA
The introduction of the NOP/TTA is likely to
increase the number of aircraft requests as the
pilot will be responsible for ensuring adherance to
the TTA. Therefore if the pilot realises his is
drifting from his TTA he will request an action e.g.
speed or route change, that will help the aircraft
make up or lose the time so he will be able to
better achieve his TTA. This action must be
verified and okayed by the ATCO. If the action is
requested action is not okay the ATCO may
propose an alternative which must be checked and
accepted ot refused by the pilot. Therefore this
dialogue in response to a a/c request may be quite
lengthy.

PC(-)
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Appendix 2. Map of selected beacons for bunching metric

DD
HM

HR

Map of the beacons selected for the bunching metric: BAM, SPY and OSN
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Appendix 3. Trajectory map – organisation A
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This map displays the flown trajectories and defined routes of a representative exercise in organisation A.
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Appendix 4. Trajectory map – organisation C
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This map displays the flown trajectories and defined routes of a representative exercise in organisation C.
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Appendix 5. Traffic flows – organisation A

This map displays the flown trajectories beacon flow for a representative exercise in organisation A, with a 5Nm threshold around beacons
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Appendix 6. Traffic flows – organisation C

This map displays the flown trajectories beacon flow for a representative exercise in organisation A, with a 5Nm threshold around beacons
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Appendix 7. Pre training and post training questionnaires
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Pre-Training Questionnaire
Purpose of this questionnaire
The purpose of this questionnaire is to collect information before the beginning of the training period
about: who you are, your operational and simulation experience, and your knowledge of the operational
concepts enablers that will be used in this simulation.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
For some questions, you will have to put a cross in the box that corresponds to your answer. If you
make a mistake, please fill the box in completely and put a cross in the correct box. (This is an example
of a crossed box  and this is an example of a filled-in box .)

Thank you very much for your co-operation and contribution!

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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• ABOUT YOU

1. Name

2. What is your age (in years)? ...........

3. Did you volunteer to participate to this experiment?
Yes
No

4. Please, explain why you volunteered or did not:

5. What is your level of motivation to participate?
Very Low
Low
OK
High

EVP – EEC Report No. 407
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•

ABOUT YOUR CONTROLLER EXPERIENCE

6. For how many years have you been a qualified controller? ...........

7. For how many years have you been at your current unit? ...........

8. What is your current unit?

9. What is your current position?
Controller

Instructor

both controller and instructor

10. On which type of sectors are you qualified?
En-route

TMA

Approach

Tower

11. On which sectors of your current ACC are you qualified?
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ABOUT YOUR SIMULATION EXPERIENCE

12. Have you previously taken part in any real-time simulation?
Yes
No

13. If you replied "Yes" to the previous question then can you, please, list the real-time
simulation(s) in which you have participated?
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• ABOUT YOUR KNOWLEGDE OF THE
OPERATIONAL CONCEPT ENABLERS
14. To which level are you familiar with the following concepts of operation?

1

2

3

4

5

Operation

Concepts
CPDLC

Smulations

Fully
familiar
with

Not at all
familiar
with

Readings
& conferences

If you response is
2,3,4 or 5 where does
this knowledge comes
from

Controller - Pilot D/L
Communication

NOP
(Network Operational
Plan)

NOP/TTA
(Network Operational
Plan / Target Time of
Arrival)

Thank you very much for your co-operation and contribution!
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Post-Training questionnaire
Purpose of this questionnaire
The purpose of this questionnaire is to collect information about your general perception of the
effectiveness of the training period and some preliminary understanding of the benefits or issues due to
the introduction of the NOP/TTA concept.
The questionnaire is organised according to different sections: Operational concepts, HMI, Procedures,
Performance of the simulated platform, Benefits, Safety and Evaluation of the training conduct.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
that corresponds to your answer. If you
For some questions, you will have to put a cross in the box
make a mistake, please fill the box in completely and put a cross in the correct box. (This is an example
of a crossed box 

and this is an example of a filled-in box

.)

Name

Thank you very much for your co-operation and contribution!

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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• Operational Concepts
1. There was enough training to get familiar with the concept of the NOP/TTA
Yes

No

•
2. There was enough training to get familiar with the concept of the DATALINK (CPDLC)
Yes

No

•
3. Did you have any concerns with regards to the understanding of some of the ops
concept enablers (SYSCO, VERA…)?
Yes

No

4. If Yes, please, explain which concerns (mentioning the enablers involved, the element of
no understanding and any other relevant information):
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• Human Machine Interface (HMI)
5. There was enough training to get familiar with general HMI functionality
Yes

No

•
6. There was enough training to get familiar with DATALINK HMI
Yes

No

•
7. There was enough training to get familiar with the NOP/TTA HMI
Yes

No

•
8. Did you have any concerns with some of the HMI functionality?
Yes

No

9. If Yes, please, explain which concerns (mentioning the enablers involved, the HMI
element and any other relevant information):
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• Procedural & working methods
10. There was enough training to get familiar with the airspace, the route structure & the
general procedures
Yes

No

•
11. There was enough training to get familiar with D/L procedures
Yes

No

12. There was enough training to get familiar with NOP/TTA procedures
Yes

No

•
13. Did you have any concerns with regards to procedures?
Yes

No

•
14. If Yes, please, explain which concerns (mentioning the enablers involved, the procedure
and any other relevant information):

•
15. The En-Route working methods are acceptable when operating with D/L
Strongly agree

Agree

Disagree

Strongly Disagree

I don’t know

16. The En-Route working methods are acceptable when operating with D/L & NOP/TTA
Strongly agree
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Agree

Disagree

Strongly Disagree

I don’t know
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• Performances of the simulated platform
17. Please rate your level of satisfaction with the following simulation technical facilities:

Very
bad
Overall performance
the simulated platform

Bad

Average

Good

Very
good

of

The radar display screen

Flight Plan Data

The R/T system

The telephone system

The
simulation
room
(temperature, space, etc)

The Debriefing room
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18. Do you think that any of the equipment or functionality that was provided was inferior to
that you normally use?
Yes

No

If yes, which one?

19. Was the quality of your work affected by any missing equipment or functionality that
you normally use?
Yes

No

If yes, which one?
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20. Please rate the following components of the aircraft performance:
Very
realistic

Satisfactory

Unsatisfactory
for some aircraft
types

Unsatisfactory
for all aircraft
types

The rate of climb

The rate of descent

The rate of turn

The speed profile
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21. How often was the performance of the pilots satisfactory regarding the following items?
Always

Often

Sometimes

Rarely

Never

Use of the correct ATC
phraseology

Correct English

Time taken to respond to
control instructions
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22. If you experienced problems with the piloting then describe the circumstances in more
detail, noting particularly the effect that this had upon yourself.
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• Training conduct evaluation
23. How often were any operational issues investigated in a timely and satisfactory
manner?
Always

Often

Sometimes

Rarely

Never

24. How often were any technical problems solved in a timely and satisfactory manner?
Always

Often

Sometimes

Rarely

Never

25. When you identified a problem, how often was a member of the Project Team available
to help you?
Always

Often

Sometimes

Rarely

Never

26. How often did you think that your comments regarding the simulation were taken note
of?
Always

Often

Sometimes

Rarely

Never

27. Please rate your level of satisfaction with the following training presentations:

Very
bad

Bad

Average

Good

Very
good

Training welcome and
validation
HMI presentation

TP and our system,
STCA,VERA, MONA, SYSCO
Maastricht airspace and
network
D/L concept, HMI, and
procedures
Questionnaires

NOP/TTA concept
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28. If you have any comments or suggestions to make on the level of support, the
presentation and the debriefings during this training then please make them here:

Thank you very much for your co-operation and contribution!
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Appendix 8. Detailed post exercise questionnaires
The EEC standard post exercise questionnaire ; NASA-TLX ; EEC AIM
and; SASHA
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Detailed Post Exercise Questionnaire
Purpose of this questionnaire
The purpose of this questionnaire is to collect information about your perception of your workload,
situation awareness and other elements that may affect, in a positive or negative way, your overall
performance in the last exercise you performed.

Method to fill it
Please complete this questionnaire by putting a cross in the box
that corresponds to your answer for
the exercise run that you have just completed. If you make a mistake, please fill the box in completely and
and this is an example of a filledput a cross in the correct box. (This is an example of a crossed box 
in box

.)

Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.

Thank you very much for your co-operation and contribution!

Controller Name

:

_____________________

Sector + Role

:

_____________________

Date

:

_____________________

Organisation

:

_____________________

Run number

:

_

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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1

1.

What is your estimate of
your overall workload during
the last run?

2.

How great a part did radio
communications (frequency)
play in your overall workload
during the last run?
How great a part did the
complexity of the traffic play
in your overall workload
during the last run?
How great a part did
problems with procedures
play in your overall workload
during the last run?

2

Extremely low

3.

4.

5.

6.

7.

8.

9.
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How great a part did
problems with the HMI (such
as a sticking mouse, slow
response
times,
label
overlapping, etc.) play in
your overall workload during
the last run?
How easy/difficult was it for
you to maintain a clear
picture of the situation
during the last run?
How easy/difficult was it for
you to maintain standard
separations between aircraft
during the last run?

3

4

5

6

Medium

7

8

9

10

Extremely high

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

Very easy

Medium

Very difficult

Very easy

Medium

Very difficult

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

What was your level of
Stress during the last run?

What was your level of
Fatigue just after having
finished the last run?
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10. What was your level of Mental
Demand during the last run?
How much mental and perceptual activity
was required (e.g. thinking, deciding,
calculating, remembering, looking, searching,
etc.)? Was the task easy or demanding,
simple or complex?

EUROCONTROL

2

3

4

5

6

7

8

9

10

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

12. What was your level of Temporal
Demand during the last run?
How much time pressure did you feel due
to the rate or pace at which the task or task
elements occurred? Was the pace slow and
leisurely or rapid and frantic?

Extremely low

Medium

Extremely high

13. What was your level of Performance
during the last run?
How successful do you think you were in
accomplishing the goals of the task? How
satisfied were you with your performance in
accomplishing these goals?

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

Extremely low

Medium

Extremely high

11. What was your level of Physical
Demand during the last run?
How much physical activity was required
(e.g. pushing, pulling, turning, controlling,
activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous,
restful or laborious?

14. What was your level of Effort during
the last run?
How hard did you have to work (mentally
and physically) to accomplish your level of
performance?
15. What was your level of Frustration
during the last run?
How insecure, discouraged, irritate,
stressed, and annoyed versus secure,
gratified, content, relaxed and complacent
did you feel during the task?
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16. Did you have the feeling that you were
ahead of the traffic, able to predict the
evolution of the traffic?

Never
1

17. Did you have the feeling that you were able
to plan and organise your work as you
wanted?

Never
1

18. Have you been surprised by an aircraft call
or downlink message that you were not
expecting?

Never
1

19. Did you have the feeling of starting to focus
too much on a single problem and/or area
of the sector?

Never

1

20. Did you forget to transfer or assume any
aircraft? (please answer whatever your
function Exec. or Planner)

Never

1

Sometimes
2

Sometimes
2

Sometimes
2

Sometimes

2

Sometimes

2

Often
3

Often
3

Often
3

More than
sometimes
3

More than
sometimes
3

Very often

Always

4

Very often

5

Always

4

Very often

5

Always

4

Often

5

Very often

4

Often

5

Very often

4

5

21. Did you have any difficulty in finding an
item of information?
Never
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Sometimes

Often

Very often

Always
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None

In the previous working periods,
how much effort did it take to…
22. …access relevant
information?

aircraft

or

Very

Little

Some

Much

little

0

1

Very

Extreme

Much

2

3

4

5

6

flight

23. …prioritise tasks?
24. …identify potential conflicts?
25. …scan information displays?
26. …gather and interpret information?
27. …share information with other team
members? (team refers to Exec. &
Planner)
28. …update the system on time?
29. …integrate information from various
sources to form a picture?
30. …use mental or physical cues (e.g.
notes or memory tags) to remind myself
of actions required?
31. …evaluate the consequences of a plan?
32. …manage my workload?
33. …manage the CWP HMI / output devices
(e.g. setup displays, radar screens,
menus, labels, safety net HMIs…)
34. …extract relevant data for traffic
assessment?
35. …recognise conflicts?
36. …recognise the need to request
assistance before workload exceeded
capacity?
37. …resolve conflicts?
38. …anticipate the future traffic situation?
39. …recall necessary information?
40. …scan radar or any displays?
41. …evaluate requests
sectors or pilots?

EVP – EEC Report No. 407

from

adjacent

139

4D Trajectory Management Controller Simulation

EUROCONTROL

None

In the previous working periods, how
much effort did it take to…
42. …anticipate team member’s
refers to Exec. & Planner)

needs?

Very

Little

Some

Much

little

0

1

Very

Extreme

Much

2

3

4

5

6

(team

43. …identify tasks that belong together?

44. …evaluate conflict resolution options against
traffic situation and conditions?

45. …assess team’s workload? (team refers to
Exec. & Planner)

46. …prioritise requests?

47. …issue timely commands?

48. …scan reminders?

49. …manage flight data information?

50. …recognise a mismatch of available data with
the traffic picture, (e.g. if the pilot does not
respond to ATCO order, display problem etc.)?
51. … scan flight progress data?

52. …understand all information displayed by the
system?

53. …verify information sources (e.g. labels, radar
display, safety nets, maps…)?
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54. Do you have any concerns regarding safety in the previous exercise?

Please describe the situation(s) that occurred in the simulation or that might have occurred in the simulation or the
real world. How was it detected and recovered? What factors contributed to that occurrence? What could have made it
worse?
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55. Do you have any additional comments about the last exercise run? If yes, please then make them here.

Thank you very much!
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Appendix 9. Post organisation A, B and C questionnaires and post
simulation questionnaire
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Post Organisation A
Questionnaire
Purpose of this questionnaire
Org A is the baseline organisation for this simulation. In this baseline 75% of aircraft were data link
equipped.
The purpose of this questionnaire is to collect information about the performance of the simulated
platform, datalink in terms of working methods and potential benefits plus your perception of Organisation
A in general.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
that corresponds to your answer. If you
For some questions, you will have to put a cross in the box
make a mistake, please fill the box in completely and put a cross in the correct box. (This is an example
of a crossed box 

and this is an example of a filled-in box

.)

Thank you very much for your co-operation and contribution!

Controller Nam

:

_____________________

Sector + Role

:

_____________________

Date

:

_____________________

Organisation

:

_____________________

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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• Platform Performances
1. Was the platform overall performance acceptable from an evaluation point of view
during this organisation?
Yes

No

2. Was D/L implementation reliable and stable enough to evaluate the benefits of D/L?
Yes

No

• Working method
How easy is it to

Very
Difficult

Difficult

Easy

Very easy

Don’t know

1

2

3

4

5

3. Decide When to use data link
communication as an alternative to R/T
4. Decide Who is responsible of each task
related to the use of data link
5. Stay informed of what your colleague
operating on the same sector has been
doing
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HR

Who (PLC or EXC) was the
most involved within the
following tasks? Answer as a
percentage
(0-100%
per
person).
6. Co-ordinating with a
upstream sector
7. Assuming aircraft

HM

DD

EXC

PLC

EXC

PLC

EXC

PLC

%

%

%

%

%

%

8. Sending CPDLC clearances
9. Monitoring the evolution of
sent messages
10. Using CAP data
11. Using PPD data
12. Detecting CPDLC downlink
requests
13. Responding to CPDLC
downlink requests
14. Co-ordinating with an
downstream sector
15. Transferring aircraft
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• Benefits of DATALINK
How much do you agree with
the following assumptions?

Strongly
agree
1

Agree

2

Disagree

3

Strongly
Disagree
4

I don’t
know
5

16. Datalink is useful
17. Datalink reduces the EXC
workload
18. Datalink will enable you to
safely handle more traffic
19. The Planner is capable to cope
with additional activity due to
the D/L usage
20. Datalink will enable you to
share tasks with the PLC
21. Datalink enables you to plan
work more in advance
22. Datalink use will make your
work less stimulating
23. Datalink use will fundamentally
change the way the controllers
work
24. With datalink, you miss
information that you used to
receive by voice
communication
25. You will be able to maintain the
same level of situational
awareness with datalink as you
currently can
26. The use of D/L does not
adversely impact safety
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Please rate the utility of the following
functionalities:

Not
useful

1

Not very
useful

2

Useful

3

Very
Useful

4

Never
used
this

5

27. CAP - downlink of a/c performances
28. PPD - Pilot preferred downlink
29. CPDLC pilot requests
30. CPDLC single clearances
31. CPDLC combined clearances
32. SYSCO co-ordination requests
33. CPDLC Error messages

1.

Do you have any additional comments about the datalink used in Organisation A or Organisaton A in
general? If yes, please make them here.

Thank you very much!
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Post Organisation B
Questionnaire
Purpose of this questionnaire
Org B was set up as an organisation to introduce in a stepwise manner the NOP/TTA concept (Network
Operations Plan / Target Time of Arrival). During this organisation new operational procedures were
introduced where you were required to:
Adhere to the aircraft flight plan route as much as possible,
Avoid expeditious routings (i.e. directs),
Solve conflicts efficiently (avoiding direct routings as a conflict resolution) and
Resume the flight plan route as soon as possible after resolving a conflict.
As with the baseline Organisation A, 75% of aircraft data link equipped aircraft was used.
The purpose of this questionnaire is to collect feedback about your general perception of Organisation B.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
Thank you very much for your co-operation and contribution!

•
Controller Name

:

_____________________

Sector + Role

:

_____________________

Date

:

_____________________

Organisation

:

_____________________

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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1. Did having to adhere aircraft to their flight plan route affect your working methods or
tasks in any way? If so, please explain how for both Executive and Planner roles below.
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2. Did having to adhere aircraft to their flight plan route affect the way you resolved
conflicts in any way? If so, explain how below.
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3. Did having to adhere aircraft to their flight plan route make your job more or less difficult
in any way? If so, explain how below. Please give both Executive and Planner perspective.
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4. Did having to adhere aircraft to their flight plan route affect your situation awareness in
any way? Please give both Executive and Planner perspective.
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5. Did having to adhere aircraft to their flight plan route affect your workload in any way? If
so, explain below. Please give both Executive and Planner perspective.
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6. Do you have any additional comments about Organisation B ? If yes, please make them
here.

Thank you very much!
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Post Organisation C
Questionnaire
Purpose of this questionnaire
Org C was set up as an organisation to introduce the NOP/TTA concept (Network Operations Plan /
Target Time of Arrival). During this organisation new operational procedures were introduced where you
were required to:
Adhere to the aircraft flight plan route as much as possible,
Avoid expeditious routings (i.e. directs),
Monitor the position of the aircraft in the timeframe window,
Consider the position of the aircraft in the timeframe window when solving a conflict
After a conflict resume to flight plan route as soon as possible
As with the baseline Organisation A, 75% of aircraft data link equipped aircraft was used.
The purpose of this questionnaire is to gain feedback on the NOP/TTA and Organisation C in general.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
Thank you very much for your co-operation and contribution!

Controller Name :

_____________________

Date

:

____________________

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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1. Did working with the TTAs affect your working methods or tasks in any way? If so,
please explain how below for both Executive and Planner roles.
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2. Did working with the TTAs make your job more or less difficult in any way? Please give
both Executive and Planner perspective.
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3a. Did you take into consideration aircrafts’ TTAs when resolving conflicts or any other
problems? .
Yes Always

Yes Sometimes

No Never

3b. If yes to the above, did considering the aircrafts TTAs affect the way you resolved
conflicts or other problems in any way? If so, please describe how below?
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4. Did working with TTAs affect your situation awareness in any way? Please give both
Executive and Planner perspective.
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5. Did working with TTAs affect your workload in any way? If so, explain below. Please give
both Executive and Planner perspective.
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6. Do you have any additional comments about Organisation C or the NOP/TTA in general?
If yes, please make them below.

Thank you very much!
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Post-Simulation questionnaire
Purpose of this questionnaire
The purpose of this questionnaire is to collect information about your perception of the NOP/TTA
concept, datalink and the simulation in general. This questionnaire also gives you the opportunity to give
us your feedback on the facilities and quality of service provided to you and is organised according to
different sections: Performances of the simulated platform, General accommodation, and Simulation
conduct evaluation.

Method to fill it
Please answer the questions in the order in which they are presented. Work on your own; do not discuss
any questions with your colleagues while you are filling in the questionnaire. If you need help, please, ask
the analysis team representatives.
For some questions, you will have to put a cross in the box
that corresponds to your answer. If you
make a mistake, please fill the box in completely and put a cross in the correct box. (This is an example
of a crossed box 

and this is an example of a filled-in box

.)

Thank you very much for your co-operation and contribution!

•
Name

:

_____________________

Date

:

_____________________

•

Note
All the individual data collected during this simulation, including the responses to this questionnaire, will
be treated in the strictest confidence. Although your name is requested on each questionnaire form, for
convenience, only ID numbers will be used to report individual results so that nobody can identify the
respondent. Once this questionnaire has been filled in, only members of the simulation team will be
allowed to see it. They will not pass any personal details to anyone outside the team.
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• Performances of the simulated platform
1. Please rate your level of satisfaction with the following simulation technical facilities:
Very
Bad
Average
Good
Very
bad
good
Overall performance of
the simulated platform

The
screen

radar

display

Flight Plan Data

The R/T system

The telephone system

The simulation room
(temperature, space, etc)
The Debriefing room
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2. Do you think that any of the equipment or functionality that was provided was inferior to
that you normally use?
Yes

No

If yes, which one?

3. Was the quality of your work affected by any missing equipment or functionality that
you normally use?
Yes

No

If yes, which one?
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4. If you experienced problems with the piloting then describe the circumstances in more
detail, noting particularly the effect that this had upon yourself.

• General accommodation
5. Please rate your level of satisfaction with the following?
Very
Bad

Bad

Average

Good

Very
Good

The canteen facilities at
the EEC

The transport to and
from EEC

Your reception at the
EEC

The accommodation in
the hotel
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6. If you have any comments or suggestions to help us increase the quality of general
accommodations, please do it here.
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• Simulation conduct evaluation
7. How do you rate the overall organisation of the simulation?
Very bad
Bad
Average
Good

Very good

8. How much do you think the questionnaires were a useful medium for giving your
opinion?
A lot
A little
Not at all
9. How often were any operational issues investigated in a timely and satisfactory
manner?
Always
Often
Sometimes
Rarely
Never
10. How often were any technical problems solved in a timely and satisfactory manner?
Always
Often
Sometimes
Rarely
Never
11. When you identified a problem, how often was a member of the Project Team available
to help you?
Always
Often
Sometimes
Rarely
Never
12. How often did you have sufficient opportunity to voice your opinions about the
simulation during the debriefing sessions?
Always
Often
Sometimes
Rarely
Never
13. How often did you think that your comments regarding the simulation were taken note
of?
Always
Often
Sometimes
Rarely
Never
14. How do you rate the amount of time that was allocated to the exercises?
Too much
Correct
Too little

15. How do you rate the amount of time that was allocated for discussions and debriefings?
Too much
Correct
Too little

16. Have you ever been adversely affected by external disturbances (e.g. Visitors)?
Often
Sometimes
Never
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17. If Yes (Often or sometimes), please, when and explain what were the causes of these
external disturbances?

18. If you have any comments or suggestions to make on the level of support during this
training, then, please, make them here.
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19. Do you think that participating in this real time simulation was a beneficial use of your
time?
Yes
No
I am undecided

If No or Undecided, please explain Why?

20. According to you, what were the main achievements of this simulation?
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21. According to you, what objectives were not achieved?

22. Would you volunteer to take part in further simulations at the EEC?
Yes
No
If No, please explain Why?

Once again and for the last time…
Thank you very much!
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Appendix 10. Interview templates for organisations A, B and C
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Post organisation A
interview template
• GENERAL
Technical
1. Did you experience any problems in the previous runs? (e.g. technical problems with
the platform, HMI etc. or other problems e.g. with the traffic, procedures, pilot
communications, etc)
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Complexity

2. How did you find the complexity of the scenarios in the previous runs? Was the traffic
easy to manage?

• Workload
3. How did you find the workload in the previous runs?
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• DATALINK
Data link Working method
4. When was it preferable to use R/T as opposed to data link for communications? If
possible give examples of scenarios, including timescales.

5. How did the use of data link change the EXC & PLC roles?
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6. What types of tasks were delegated to the PLC, and were they delegated
individually or in totality, sometimes or always?

7. As a PLC, did you have difficulties achieving tasks delegated by the EXC? If YES,
please elaborate.
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8. As a PLC, how did you decide when to transfer a data link aircraft? Was the EXC
involved in the transfers, how? Did any specific problems occur with the PLC
transferring data link aircraft?

9. Did using data link affect your situational awareness? If so, how? PLC & EXC
perspective.
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10. How, as PLC and an EXC, did you manage the non-data link aircraft with respect to
the majority of data link equipped aircraft?

11. Were the EXC working methods satisfactory when operating with DATALINK? Why not?
How could they be improved?
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12. Were the PLC working methods satisfactory when operating with DATALINK? Why not?
How could they be improved?

13. Were there advantages/disadvantages of not having voice contact when D/L aircraft are
entering your sector (MONITORING)?
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14. What were the advantages/disadvantages of not having voice read back for DATALINK
instructions?

15. Do you have any additional comments/suggestions about the working methods?
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Workload
16. Did using data link affect your workload? If so, how? PLC & EXC perspective.

Safety
17. In this organisation, did you experience any safety issues related to the operation of the
D/L concept (and not already reported during the safety debriefing)? If so can you
please list and describe them below and propose possible mitigations?
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ECHOES DATALINK HMI
18. What are the strengths and weaknesses of the ECHOES data link HMI?

Benefits of DATALINK
19. Do you foresee any particular benefits or detriments that DATALINK could bring?
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Post organisation B
Interview template
• GENERAL
Technical
1. Did you experience any problems in the previous runs? (e.g. technical problems
with the platform, HMI etc. or other problems e.g. with the traffic, procedures, pilot
communications, etc)
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Complexity
2. How did you find the complexity of the scenarios in the previous runs? Was the traffic
easy to manage?

Workload
3. How did you find the workload in the previous runs?
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•

NOP/TTA

4. How did trying to adhere to the flight plan route affect working methods for both Planner
and Executive roles? For example did it significantly reduce the number of direct
routings given? Was there any other impact of having to adhere to the flight plan route
on your working method? E.g. change in preference of actions to resolve a conflict or
other problem?

5. How did trying to adhere to the flight plan route affect both Planner and Executive
tasks? For example did your tasks change? Did you have more or less monitoring to
do? More or less conflict resolution tasks? Was it difficult to adhere the flight path
route and perform your other tasks? Other...?
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6. What was the impact of adhering to the flight plan route on conflict resolution? Did it
increase the difficultly of resolving conflicts for you or make it easier? Was conflict
resolution compromised in any way, e.g. best solution may not have been always
selected?

7. What was the impact of these changes in task on the roles for both planner and
executive? Were there less planning tasks to perform? Did your tasks become more
reactive? Was there more uncertainty? Did your objectives/priorities change in any
way?
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8. Did this change in working method / tasks affect workload? If so, how, for both Planner
and Executive? What do you think is the main cause for this?

9. How did adhering to the flight plan route affect the traffic? E.g. was traffic less deconflicted? Was traffic more densely populated on routes? Was traffic density at
crossing points increased? Were there more conflicts? Were the conflicts more
complex and difficult to resolve? Was there more or less traffic bunching?
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10. How did adhering to the flight plan route affect situation awareness for both the Planner
and Executive? Why do you think your situation awareness was decreased/ improved –
focusing too much on adhering to route and TTA or change in traffic patterns?

11. Do you think adhering to a flight path route affects performance in any way? Does it
affect the way you make decisions or solve problem? If so, how? Is it the same for both
the Planner and Executive?
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12. Does adhering to a flight path route make your job more difficult or easier in any way?
(Planner and Executive)

13. What do you think are the advantages and disadvantages of having to adhere to flight
plan routes?
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14. Does having to adhere to a flight path route affect the satisfaction you get from your job
in any way?

• Safety
•

Safety team are dealing with these issues in the debrief
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Post Organisation C
Debrief
• GENERAL
Technical
1. Did you experience any problems in the previous runs? (e.g. technical problems
with the platform, HMI etc. or other problems e.g. with the traffic, procedures, pilot
communications, etc)
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Complexity
2. How did you find the complexity of the scenarios in the previous runs? Was the
traffic easy to manage?
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Workload
3. How did you find the workload in the previous runs?
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• NOP/TTA
4. How did trying to adhere to the flight plan route + TTA affect working methods for both
Planner and Executive roles? For example did it significantly reduce the number of
direct routings and / or speed instructions given? Was there any other impact of having
to adhere to the flight plan route on your working method? E.g. change in preference of
actions to resolve a conflict or other problem?
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5. How did trying to adhere to the flight plan route affect both Planner and Executive
tasks? For example did your tasks change? Did you have more or less monitoring to
do? More or less conflict resolution tasks? Were there more pilot requests? Did you
have to perform more conflict searches? Was it difficult to try and adhere the flight path
route + TTA and perform your other tasks? Other...?

6. What was the impact of adhering to the flight plan route + TTA on conflict resolution?
Did it increase the difficultly of resolving conflicts for you or make it easier? Was
conflict resolution compromised in any way, e.g. best solution may not have been
always selected?
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7. What was the impact of these changes in task on the roles for both Planner and
Executive? Were there less planning tasks to perform? Did your tasks become more
reactive? Was there more uncertainty? Did your objectives/priorities change in any
way?

8. Did this change in working method / tasks affect workload? If so, how, for both Planner
and Executive? What do you think is the main cause for this?
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9. How did adhering to the flight plan route + TTA affect the traffic patterns? E.g. was
traffic less de-conflicted? Was traffic more densely populated on routes? Was traffic
density at crossing points increased? Were there more conflicts? Were the conflicts
more complex and difficult to resolve? Was there more or less traffic bunching /
variability in traffic flows?

10. How did adhering to the flight plan route + TTA affect situation awareness for both the
Planner and Executive? Why do you think your situation awareness was decreased/
improved – focusing too much on adhering to route and TTA, or change in traffic
patterns?
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11. Do you think adhering to a flight path route + TTA affects your performance in any way?
Does it affect the way you make you decisions or solve problem? If so, how? Is it the
same for both the planner and executive?

12. Does adhering to a flight path route + TTA make your job more difficult or easier in any
way? How, Planner and Executive?
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13. What do you think are the advantages and disadvantages of having to adhere to flight
plan routes + TTA?

14. Does having to adhere to a flight path route + TTA affect your satisfaction with your job?
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• Safety
•

Safety team are dealing with these issues in debrief.
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