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EXECUTIVE SUMMARY

The European Air Traffic Control Harmonisation and Integration Programme (EATCHIP)
Human Resources Bureau has initiated the organisation of annual workshops on topics
concerning Human Factors (HFs) in Air Traffic Management (ATM).

This report contains the proceedings of the second EUROCONTROL Human Factors
Workshop held in Luxembourg in May 1997. The workshop addressed ‘Teamwork in Air
Traffic Services (ATS)’.

Chapter 1 introduces the background, scope and purpose of the workshops and their
relevance for the work of the Human Resources Bureau in EATCHIP.

Chapter 2 of the document includes the text of the presentations given during the plenary
session on the first day:

•  Introduction to the Workshop (Mr M. Barbarino);

•  Teamwork Issues in Air Traffic System Management
(Mr K. C. Williams);

•  Teamwork for Air Traffic Controllers (ATCOs) (Mr B. Ruitenberg);

•  The Pilot’s View on Teamwork (Capt. J. Butler and Mr L. Beardsworth);

•  Team Resource Management (TRM) Training for ATCOs
(Messrs M. Masson and J. Pariès);

•  Team Resource Management in CNS/ATM Systems (Capt. D. Maurino).

Chapter 3 provides the summaries of the Working Groups (WGs) held on the second day
and presented by rapporteurs on the third day. The themes of the WGs were:

•  Teamwork, the Concept;

•  Teamwork in the Operational Environment;

•  Teamwork and Selection;

•  Teamwork and Accident/Incident (A/I) Investigation;

•  Teamwork and Training;

•  Teamwork and the Design of Air Traffic Systems.

The list of participants is provided at the end of this document as well as a list of
abbreviations and acronyms.
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1. INTRODUCTION

Within EATCHIP, the Human Resources Bureau is in charge of the integration of
human aspects-related knowledge and methods into the current and future ATM
system to ensure the overall compatibility with the human operator. Its main
activity covers HFs studies, manpower planning, selection, training and licensing.

1.1 Scope

The EATCHIP Human Resources Team (HRT) has initiated the organisation of
annual workshops on topics concerning HFs in ATM. The goal is to create a
European centre of HFs expertise in ATM. This should encourage HF
practitioners and researchers to share their experiences, to exchange the results
of current research development trends and practice, and to consider the
evolution of new concepts for the changing ATM environment.

The first workshop was held in 1996 on cognitive aspects in ATC.

1.2 Purpose

This report is the proceedings of the second annual workshop entitled
‘Teamwork in ATS’ held in May 1997 at the EUROCONTROL Institute of Air
Navigation Services (IANS) with 100 participants from 21 States.

It contains the text of the presentations given during the first day plenary session,
the conclusions of the six WGs conducted on the second day and the list of
participants.
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2. TECHNICAL NOTES

After a short introduction to the workshop, five speakers presented a different
point of view on teamwork in ATS. These presentations attempted to give a wide
overview of the different issues in teamwork and served as an input for the WGs.

The workshop was chaired by Mr Chris Clark, Head of Human Resources
Bureau DED5 - EATCHIP Development Directorate - EUROCONTROL, and
Chairman of the Human Resources Team.

2.1 Introduction to the Workshop

Mr Manfred Barbarino - Head of Human Factors Studies Section - Human
Resources Bureau DED5 - EATCHIP Development Directorate - EUROCONTROL

Ladies and Gentlemen,

Before we begin with the presentations on our subject ‘Teamwork in ATS’, allow
me to give you some background information on why EUROCONTROL has
decided to conduct these HFs workshops.

When the Human Resources Domain (HUM) in EATCHIP was set up in 1991, it
was found that many ATC-related HFs activities were being carried out in Europe
but they were rather local and uncoordinated. Some States even believed that
HFs issues were mainly a national concern and had little in common with each
other.

The challenge was to define a HFs project which should develop and apply
harmonized and integrated HFs principles and methods for the best use of
human performance and advanced technology in European ATM. Within this
project, one of the most important parts is the establishment of a network for HFs
developers and practitioners in Europe. This work includes regular contacts and
meetings with European HFs research and development units, data collection on
HFs activities, and the conduct of annual HFs workshops.

These workshops have three major objectives:

1. To increase and spread the awareness of HFs-related issues in ATM.

2. To provide a platform for HFs specialists and operational staff to exchange
expertise, experience and current activities.

3. To encourage the participants to develop and discuss new ideas on HFs
topics in ATM.

Last year in May 1996 we organized the first EUROCONTROL Human Factors
Workshop here in Luxembourg with 60 participants from 10 European countries.
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The workshop lasted two days and the topic was ‘Cognitive Aspects in ATC’. It
consisted of presentations, WGs and panel discussion.

This year the workshop lasted three days and we have almost doubled the
number of participants. Altogether I am very pleased that we have been able to
accept 106 participants from 23 States, and I am sorry for those we had to reject
because this conference room had reached its capacity.

Although the first workshop was regarded as a success by almost all of its
participants, we had to learn a few lessons. The main concern was that the
discussions were rather theoretical and abstract, and did not focus enough on
operational problems and solutions.

This year we have chosen the subject ‘Teamwork in ATS’, which is by nature an
operational issue. Our speakers today all have a strong operational background,
and that is also true for at least half of the participants.

It is my personal belief that the success and the application of HFs principles in
future ATM largely depends on a balanced integration of both scientific and
operational inputs.

Before I close this introduction I would like to highlight an important HFs aspect.
As I told you before, the participants come from 23 States in and outside Europe
and only a few of them use English as their mother tongue. In our experience we
have found that our major obstacles in the harmonization process are differences
in language, semantics and words used. At the beginning of a harmonization
process, people often assume many differences and only few commonalties but,
if we allow enough time and patience to overcome these semantic problems, we
often find that our problems and concerns are pretty similar.

Increased awareness and understanding of the benefits of communal HFs
activities and operational application in the European Civil Aviation Conference
(ECAC) area currently constitute the most important progress in this field, and I
am convinced that this is the right way to contribute to the challenge of future
ATM in Europe.
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2.2 Teamwork Issues in Air Traffic System Management

By Mr Keith C. Williams - Director Air Traffic Operations - National Air Traffic
Services Ltd, UK

2.2.1 Background

Air traffic is forecast to grow substantially well into the next century, and
providing sufficient capacity to meet forecast demand remains the major
preoccupation for all air traffic service providers. EATCHIP recognises that
increasing capacity in European airspace whilst maintaining a high level of safety
is not simply a technical event. The human is an essential and valuable resource
in the European air traffic system. Realising the benefits of EATCHIP and the
future European ATM System (EATMS) hinges crucially on maximizing the
contribution of the human element.

The users of Europe’s air traffic system - principally the airlines - believed that
ATS providers could produce some rapid results by the more widespread
application of best practice techniques for managing human resources practised
elsewhere in the aviation industry and in the commercial sector. This resulted,
last year, in the publication by EATCHIP of guidance material directed at
encouraging ATS managers to actively consider the current human resource
issues. Teamwork is one of these issues.

2.2.2 Interactions in the Air Traffic Control Environment

To set ‘management of teamwork issues’ in some context, there is a need to
ensure that the human interactions involved in providing the ATS are understood.

•  At the ATC unit level at ACCs and in airport control towers, there are the
managers, supervisors, planners, controllers, engineers and support staff
working together to provide the operational service to the customers (the
flight crews operating the aircraft (a/c) - civil, military and general aviation)
as well as working with other elements of the national ATC system and
across international borders.

•  At the organisational level, the corporate management provides direction to
the unit level and the strategic links to customer organisations,
government, regulatory bodies, and international ATC organisations.

The scope of the teamwork issues spans the entire breadth of these interactions.
This requires a broad and flexible outlook. However, integrated working also
hinges on effective communication combined with a clear focus on the issues
that are most critical to ATS customers.

This presentation therefore covers the issues relating to all three - teamwork,
communication and customer focus. It also considers whether future changes in
role of the controller proposed under EATMS might alter the perspective.
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2.2.3 Teamwork

The objective should be to enhance teamwork in ATS in order to optimise the
safety and efficiency of ATS. Traditionally, people think of teamwork only within
their immediate area, but teamwork is much greater when you consider the wider
interactions of ATC.

At the organisational level, there is a need to ensure close co-operation and
good teamwork between the various ATS elements in order to improve the
cohesion of the air traffic system so that the traffic keeps flowing.

This involves the ACCs, airport ATC, flow managers and engineers working
together more closely, not only in their day-to-day operations but also in their
forward planning.

The ability of everyone in the organisation to work together with mutual respect is
equally vital. This means breaking down any entrenched attitudes, demarcations
and suspicion of management motives and replacing them by an organisational
culture which sits at the leading edge of working practices, employee relations
and productivity.

At the ATC unit level, analysis of ATC incidents clearly indicates that failures in
teamwork contribute to incidents. Moreover, a survey of controllers revealed that
inconsistencies in working practices of colleagues often have a detrimental effect
on the performance of individual controllers within the team and can contribute to
safety-related incidents and reductions in traffic throughput.

The world's airlines recognise the importance of effective teamwork by flight
crews on safety and efficiency of flight operations and have invested heavily in
Crew Resource Management (CRM) training. EATCHIP is now doing the same,
actively addressing team functioning in ATC through applying a CRM equivalent
in ATS - known as ‘Team Resource Management (TRM)’.

In addition to TRM, a key action towards achieving such improvements is
introducing training on teamworking into all aspects of ATC training. Formal
teamwork training would probably cover topics such as organisational culture,
teamworking skills, motivation, leadership and communication.

The key benefit of better teamwork in ATS organisations would be enhanced
safety, increased efficiency and improved links between the various ATS
elements. Better integration through teamworking also encourages greater
employee involvement and creativity, stimulates greater awareness and
commitment, and overall provides an enhanced quality of working life.

2.2.4 Communication

The role of communication is about dialogue, teamwork and involvement. The
objective is to ensure that an effective system of communication exists within
ATS organisations which will enhance performance and facilitate change. Good



Teamwork in Air Traffic Services HUM.ET1.ST13.000-REP-02

Edition : 1.0 Released Issue Page 9

communication is the lifeblood of every successful organisation and is everyone’s
responsibility.

The task of managing effective professional relationships within the organisation
lies with its leaders. The leadership and communication style they adopt will
ultimately influence the average employee’s outlook, glue the organisation
together on common issues and set the whole culture of the organisation. A
rounded relationship and a well-thought out communications strategy will ensure
everyone understands the benefits of communicating effectively.

At the day-to-day level, managers and employees need to be equipped with good
communication skills and style in order to assist interpersonal contact, encourage
dialogue and recognise sensitivities. Managers need to be equipped so that they
can establish a trusting relationship and feel comfortable in debating difficult
issues. Employees need evidence that communication is indeed ‘two-way’ - they
need to feel that their views are valued and that their ideas are acted upon.

ATS organisations should be committed to establishing and maintaining effective
communication between all levels. This includes establishing an effective
strategy which underpins the desired organisational culture, and defining
communications processes which deliver timely and co-ordinated messages and
minimize the impact of the ‘grapevine’. Training in communication would promote
teamwork through the development of communication skills, effective style and
interpersonal contact.

2.2.5 Customer Focus

The driving force behind the present-day operation and future development of
Europe's air traffic system must be meeting the requirements of customers - i.e.
the airspace users. There is a clear responsibility on the ‘team’ at the front-line
delivering ATS to understand the needs of their customers.

Much closer links with customers are essential - both at a strategic level and on a
day-to-day basis - if ATS organisations are to better understand customer needs.
Developing a customer-oriented culture within the ATS organisation is vital to
increase customer awareness amongst managers and employees so that the
organisation's efforts are directed towards meeting those needs.

ATS organisations should work closely with customers to ensure that they are
fully briefed on progress with developments and current issues so that they can
plan accordingly. This should lead to a more ‘educated’ customer who
understands the problems and works in partnership with ATS managers to
resolve them.

This constructive, teamworking style of relationship builds a much better
understanding of each other’s operating problems.

For effective customer dialogue, a formal customer consultation process should
be set in place at the strategic level. It is also important to establish informal
contacts at unit level to ensure that day-to-day operational issues are addressed
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by those directly responsible for the service. Customer service targets should be
set by ATS organisations against which improvements in performance can be
measured, and customer surveys should be conducted periodically to assess
their perceptions of performance. Establishment of formal customer awareness
training for managers, supervisors and employees would help develop their
understanding of customer requirements and commercial awareness of the
airline industry.

The key benefit of embracing the customer service concept at all levels within the
ATS organisation is the ability to work as a team in partnership with customers to
address issues, target capacity improvements and reduce delays. Increased
customer awareness at the operational level provides the impetus for managers
and employees to find effective and lasting solutions.

2.2.6 Future Role of the Controller

The key element of the current ATC system is the ‘Tactical Controller’ who
mentally creates a picture of the traffic situation in order to identify and deal with
problems in their airspace sector. Since there is a limit to the number of flights
the controller can handle, additional capacity is provided by resectorising or
simplifying procedures. However, this continued reliance on further sectorisation,
more controllers and better procedures as a means of bringing extra capacity on
stream is simply not sustainable in the longer-term. Continuing to slice-up the
airspace would result in sectors becoming too small and the co-ordination
workload would escalate. Clearly, new methods of operating are needed in the
future if workload constraints are to be overcome and ensure that further
capacity can be provided cost effectively in line with ever-growing demand.

EATMS envisages that additional capacity will be achieved through enhanced,
multi-sector planning of flight trajectories, using advanced ATC systems and
supporting computer assistance tools, to design out conflicts in advance. The
role of the tactical controller will switch to managing the execution of the plan and
intervention by exception, such as when unplanned events occur.

It follows that these new methods of operating will increasingly rely on the
system ‘holding the mental picture’, not the controller. This conclusion has huge
implications, not only for system design, architecture and certification, but for the
human element. With a future air traffic system operating at capacity for
prolonged periods, the role of the human in ensuring the safety and resilience of
the system remains extremely important. Technology must not become a barrier
to human interactions and relationships.

Great care over teamwork, customer focus and communication needs to be
taken as the role of the human in the air traffic system changes. Development
work needs to be done in conjunction with operational staff and customers who,
as ultimate users of the systems and tools, must be convinced that they are
worth implementing and can be safely introduced. Any failure to gain controller or
customer acceptance of new operating methods would mean that Europe’s air
traffic system could no longer keep pace with growth in traffic demand. A return
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to the capacity crisis and the appalling delays of the late 1980s may then
become inevitable.

These new challenges demand even greater teamwork at all levels into the
future.
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2.3 Teamwork for Air Traffic Controllers

By Mr Bert Ruitenberg - Human Factors Specialist - The International Federation
of Air Traffic Controllers' Associations (IFATCA)

2.3.1 Introduction

The notion of ‘teamwork’ is not new to Air Traffic Control (ATC). When I first
became interested in a career in this profession, which must have been around
the late Sixties to early Seventies, the job-information sheets that were sent to
me already mentioned that ‘ATC is teamwork’ and therefore one of the attributes
expected from candidate applicants was ‘the ability to work in a team’.

Apparently this observation does not historically apply for the pilots' profession.
This is illustrated by a number of findings from the USA's National Transportation
Safety Board (NTSB) accident investigations from the late Seventies and early
Eighties:

•  A crew, distracted by the failure of a landing gear indicator light, failing to
notice that the automatic pilot was disengaged and allowing the a/c to
descend into a swamp;

•  A co-pilot, concerned that takeoff thrust was not properly set during a
departure in a snowstorm, failing to get the attention of the captain with the
a/c stalling and crashing into the Potomac river;

•  A crew failing to review instrument landing charts and their navigational
position with respect to the airport and further disregarding repeated
Ground Proximity Warning System alerts before crashing into a mountain
below the minimum descent altitude;

•  A crew distracted by non-operational communications failing to complete
checklists and crashing on takeoff because the flaps were not extended;

•  A breakdown in communications between a captain, co-pilot and ATC
regarding fuel state and a crash following complete fuel exhaustion;

•  A crew crashing on takeoff because of icing on the wings after having
inquired about de-icing facilities. In the same accident, the failure of a flight
attendant to communicate credible concerns about the need for
de-icing expressed by pilot passengers (source: Wiener, Kanki and
Helmreich, 1993).

From these and other examples it is evident that the notion of teamwork did not
come to the cockpit naturally. Only after what we would now call aviation
psychologists and HFs experts had pointed out to the pilot-training community
that there existed a serious deficiency in teamwork skills among professional
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pilots, the industry, to its credit, responded by introducing CRM training, which
previously stood for Cockpit Resource Management training.

2.3.2 About Crew Resource Management

CRM initially was met with scepticism but it rapidly gained recognition and
acceptance from the pilot community, especially after a number of events
became known where good CRM evidently paid off. One of the more notorious
examples of such events is the case of United Airlines 232, also known as the
Sioux City DC-10. For a description of it, I quote from the book ‘Cockpit
Resource Management’, edited by Wiener, Kanki and Helmreich (1993):

‘On June 19, 1989, a DC-10 crashed during an attempted emergency landing
at Sioux City, nearly 45 minutes after a catastrophic, uncontained failure of the
fan disk in the centre engine severed lines in all three hydraulic systems,
resulting in a total loss of the a/c's hydraulically powered flight control
systems. Fatal injuries were sustained by 110 of the 285 passengers and by 1
of the 11 crew members aboard the crippled a/c.  In its report on this accident,
the NTSB commended the crew for its performance, noting that the pilot, co-
pilot, flight engineer, and a DC-10 flight instructor who had been riding in the
passenger cabin managed to devise a crude but workable method for partially
controlling the control-less a/c. Working together as a highly integrated team,
this flight crew salvaged much of what could have been a total disaster.
Because of their performance, 185 people survived an otherwise not
survivable situation’.

The captain of flight UAL 232, captain Al Haines, has since appeared at
numerous seminars or other pilot gatherings to express his belief in the value of
CRM, thus adding to peer acceptance of the concept.

After more and more airlines voluntarily introduced CRM training in the
curriculum for their flight crews, it was even mandated by ICAO. This means that
now every commercial airline of a certain size is required to have a CRM-training
programme for its pilots. CRM has undergone a subtle change by the way: the
acronym now stands for ‘Crew Resource Management’, for it was recognised
that resources are not necessarily restricted to the confines of a cockpit. Indeed,
some airlines have taken to designing training scenarios in which a full (or nearly
full) aircrew takes part: pilots, flight engineer, cabin crew, and sometimes even
representatives from airline operations.

I guess therefore it is safe to say that CRM training for flight crews has become a
success. And as a direct result of that success of course, a tendency developed
to export CRM to other sectors, both within aviation (maintenance, dispatch,
ATC) and outside of it (hospitals, in particular surgical theatres). But can CRM be
exported as easily as it seems?
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2.3.3 Crew Resource Management for Air Traffic Control

In an attempt to answer that question, I suggest we look at the ATC sector as a
potential target. For starters, here are some differences between flight crews and
ATC crews:

Flight Crews ATC Crews

In the cockpit, the role of each crew
member is strictly defined: pilot flying,
pilot not flying, and (in specific types of
a/c) flight engineer. Each member
normally stays in his or her role from the
beginning of the flight till its completion.
The work for each crew member is
designed to complement that of the
other(s). Overall responsibility is clearly
designated to the captain of the flight.
On long-haul flights, extra crew
members are usually available for relief,
but the size of the active team remains
the same.

In ATC, it is common to find that the role
of a team member is determined by the
physical working position (workstation)
where he or she sits. Activation of
positions depends on the traffic situation:
the more complex or busy it gets, the
more positions become active. By
activating more positions, the workload
is shared between the team members,
who work to supplement one another.
Each controller is responsible for all the
traffic in his or her area. In the course of
a working day, a controller may work at
different positions. Although the formal
overall responsibility may be designated
to a supervisor, team members work
most of the time without over-the-
shoulder supervision. Indeed, the
supervisor may be working a certain
operational position himself/herself
during busy periods.

Because the tasks of aircrew members
are strictly defined, it is possible for
pilots who have never met before to fly
an a/c successfully from A to B in good
co-operation, provided they belong to the
same company. By adhering to company
procedures and using checklists, they
share the mental model required for the
job.

Within most ATC units, such company
procedures and checklists are non-
existent. The controllers share a mental
model of their job, adjusted to the
specific situation of their unit, but there
may be surprisingly large differences in
the individual ways of working. In fact,
trainees are often encouraged to
develop their own style. Knowing the
style of one's colleagues is important to
be able to closely co-operate with each
other.

Pilots receive recurrent training,
usually on high-fidelity flight
simulators. Airlines not owning
simulators rent time from other
companies.

Few controllers receive recurrent
training. Few facilities own high-fidelity
ATC simulators. Facilities not owning
simulators cannot easily rent time from
other companies because of lack of
equipment compatibility.

Figure 1: Differences between Flight Crews and ATC Crews
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Flight Crews ATC Crews

Pilots are physically involved in their
work. If a problem occurs, they have a
strong personal interest to see the a/c
return safely to the ground.

Controllers are more detached from
the problems that may face them.
They are hardly ever in any physical
danger during their work.

In their normal work, pilots ideally
should encounter no problems: the a/c
is airworthy, scheduled departure and
arrival times are met, and the weather
is fit for flying. In case one of these
items turns out to be less than ideal,
the crew has a problem that they are
expected to solve. Since several of
such problems have been anticipated
to occur, pilots are trained to handle
them and checklists are provided to
assist in the solving of these problems.

The work of a controller almost
exclusively consists of problem-
solving, in trying to accommodate the
traffic safely, efficiently and in an
orderly manner in the available
airspace. This is less dramatic than it
may sound, since it is exactly what
they are used to. Controllers are
trained to solve these problems
themselves without consulting
checklists or colleagues. Yet there can
be additional (non-routine) problems
as well for controllers, such as a/c with
an emergency, breakdown of ATC
equipment, communication failure, etc.

Figure 1 (continued): Differences between Flight Crews and ATC Crews

I submit that these and possibly other differences will significantly determine the
exportability of airline CRM programmes to ATC. Note that I said programmes -
the concept of team training may be exportable, but it will involve the
development of new programmes almost completely from scratch. This in itself
should not be too much of a revelation, because in airline CRM it is an accepted
fact that CRM programmes for one airline are not successfully transferable to
another airline, not even if that airline is from the same country as the first. But it
may imply that the effort required to get team-training programmes for ATC in
place on as wide a scale as CRM for airlines will be considerable.

2.3.4 Lessons Learned from Crew Resource Management Development

Yet perhaps we in ATC can benefit from lessons learned by the CRM developers
over time, in order to avoid making the same mistakes. I have already mentioned
the discovery that CRM programmes do not readily export to other airlines, not
even nationally. This is a direct result from the fact that the most successful CRM
programmes are permeated with the corporate culture of the airline for which
they were developed. Professor Bob Helmreich of the University of Texas, who
has done an impressive range of research into CRM, describes corporate culture
as ‘the way we do things around here’. It is easy to see that, if a programme is
designed to closely fit the culture of one company, it will not easily fit that of
another company, because people in that company will simply be used to doing
things differently.
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A second lesson is that it is best to base training scenarios on real-life examples
that are relevant to the target audience. A scenario involving problems with a/c in
mountainous terrain could be appropriate for Swiss or Austrian controllers,
I am sure my Dutch colleagues would seriously question its value. Or, even more
obviously, scenarios for ACC crews are probably unsuitable for TWR crews and
vice versa.

The third lesson I would like to mention is that CRM scenarios or exercises
should be developed by line-instructors, with the professional assistance of HFs
consultants. Scenarios developed only by psychologists are simply not realistic
enough to be accepted by the target audience.

Perhaps a further lesson can be found in the current state of CRM. As
mentioned, the USA's Professor Helmreich is probably the most prominent
researcher into this field. In a recent presentation (International Civil Aviation
Conference (ICAO) Seminar on Flight Safety and Human Factors, Abidjan, Ivory
Coast, November 1996), he identified five different generations of CRM. Each
generation has its own clear attributes that distinguish it from the others:

1st 1980-1986 Focus on management styles and interpersonal
skills

2nd 1986-present Focus on concepts (e.g. situational awareness,
stress management)

3rd 1993-present Focus on specific skills and behaviours. Integration
with technical performance. Emphasis on evaluating
HFs

4th 1994-present Focus on cultural issues (organisational and
national)

5th 1996-..(emerging) Focus on managing human error
Figure 2 : CRM Generations

So, where are we with the development of CRM or team-training programmes for
ATC? Are we using the lessons from the ones who went this road before us?
Well, maybe we are, but then again maybe not to the fullest possible extent.

2.3.5 Air Traffic Controllers Team-Training Initiatives

Initiatives are under way on a national level, where management has told the
training community to develop team training for certain units. The trainers have
turned to operational instructors for help, but my impression is that together they
are now looking around for guidance on what exactly to develop. Maybe it is time
to bring in the HFs consultants there. On a supranational level, a TRM training
programme for ATC is being developed under the aegis of the EATCHIP HRT.
Again, I express a personal impression when stating that I fear that, in this
development, the operational input is perhaps less than it should be. In other
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words, I think that this TRM development might be delegated too much to the
scientific community. Perhaps the national and supranational initiatives should
meet in order to strike a balance?

A question that also needs to be addressed is which generation of CRM we are
hoping to emulate when introducing team training for ATC. My feeling is that
most of the current efforts are aimed at Dr. Helmreich's third generation, where
the focus is on specific skills and behaviours, integrated with technical
performance, and with emphasis on evaluating HFs. But can we do that? Can we
just skip two generations, or should we allow for an incremental process where
each new generation can build on the achievements of the previous one(s)? And,
if we agree we can indeed skip earlier generations, why not include some of the
more salient good points from the later generations too?

For example, Dr. Helmreich's emerging fifth generation, where the focus is on
managing human error, to me is the mother of all aviation HFs efforts. Aviation
for far too long has been a domain in which officially no errors were made, and if
no errors are made nothing needs to be done about them.

Slowly the realisation is dawning that aviation is as error-prone as any other
activity that involves human beings. Our aim as aviation-safety professionals
should not therefore be to avoid human error but rather to manage it, to keep
errors from turning into accidents, and what better place to begin with this than in
training?

Earlier on, I mentioned that the effort required to get team-training programmes
for ATC in place on as wide a scale as CRM for airlines will be considerable.
Now, whenever in today's business-oriented environment it becomes apparent
that considerable effort may be associated with the possible acceptance of a new
proposal, the quick management solution is to call for a cost-benefit analysis. I
do not intend to take that bit of fun away from our managers, but I am going to
take a few hesitant steps in that general direction, if I may.

2.3.6 Is Team Training for Air Traffic Control the Only Solution?

Let me remind you of the list of NTSB findings I presented at the beginning of
this paper. Those were findings from accidents where lack of flight crew
co-ordination was the main factor. Would it be possible to make a similar list of
incidents and/or accidents where lack of ATC-crew co-ordination was the main
factor? Well, I will be the first person to admit that I may be professionally biased,
but I could think of only one such accident: the Zagreb-midair, and I am not even
sure it is a correct example. If a team is reduced to effectively having only one
player in the field, are we then talking co-ordination failure or organisational
failure? In my view, it is the latter, which leaves the list empty.

That may seem oddly surprising at first sight, but is it really? Remember how
also at the beginning of this paper I explained that historically ATC has been
regarded as teamwork? Admittedly, most ATC-training programmes are aimed at
improving technical skills at the individual level, but in the On-the-Job Training
(OJT) part, trainees are made very familiar with co-ordinating with other
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positions, be it in the same sector or TWR, between sectors or between units.
Working in a team thus becomes a second nature to ATCOs or ATC crews in
general. Which leads me to a somewhat crucial question: what exactly are the
expected benefits from introducing team training for ATC?

I do not have the answer to that question. The workshops here during the
following days may be excellent platforms for finding it, hopefully together with
many more answers to as many questions. But I would like to conclude this
paper by suggesting that perhaps there are other solutions and/or improvements
for ATC possible than introducing team training to enhance flight-safety in
general, and I am going to offer two of those alternatives.

2.3.7 A first Alternative Improvement

CRM has evolved from ‘Cockpit Resource Management’ to ‘Crew Resource
Management’, thus reflecting that the concept of who exactly are the players in
the team also has evolved.

The flexibility of the acronym could even be further exploited if it were also used
to indicate ‘Controller Resource Management’, but for EATCHIP usage the
phrase ‘Team Resource Management’ (TRM) was decided on. Yet it all comes
back to the point of who exactly are the players in the team. I submit that rather
than looking for optimal training for two separate teams, training programmes
should be developed based on the thought that in a lot of situations pilots and
controllers are part of the same team. In other words, controllers should become
an integral part of the pilots' resources.

This is how that might work. Traditionally, pilots are trained to solve problems ‘in-
house’, and only after reaching a solution inform ATC of their intentions and
requirements. Traditionally, controllers are trained to wait for that information
from the pilots and then try to accommodate the request as well as possible. If
ATC is to become an integral part of the pilots' resources, it means that pilots will
have to communicate at an earlier stage with ATC and that their requirements
need to be described in more general form, and that controllers will have to be
prepared to help develop solutions. For example, in the traditional situation a pilot
could request an immediate approach to Runway 08 at a specific airport, but in a
consultative situation the pilot would inform ATC of the need to land as soon as
possible, and ask suggestions as to the most suitable runway - maybe the airport
has more runways, maybe there are other airports or landing-strips closer to the
position of the a/c. And even if an airport has only one runway, it can still be used
in both directions!

2.3.8 A Second Alternative Improvement

The second alternative I am offering is to structurally establish ATC recurrent
training programmes across the industry. It may come as a shock to those of you
in the audience who are not intimately familiar with ATC organisations that in
many countries, including those who are considered ‘developed’, recurrent
training for ATCOs is non-existent. I submit that, if controllers were subjected to
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regular training programmes where rarely-used skills or new procedures can be
practised, this would enhance their general performance more than just a
dedicated team-training programme would.

I wish you two days of fruitful and enjoyable workshop.
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2.4 The Pilot’s View on Teamwork

By Captain Jeremy Butler - Chairman IATA Human Factors Working Group and
Mr Louis Beardsworth - British Airways Safety Services - Human Factors
Manager

2.4.1 Background

Until the mid 1970s, accidents involving HFs in an aeroplane were usually
classified as pilot error. This led to a tendency on the part of accident
investigators and airline managements to write off pilot error accidents as being
solved. It also led to a defensive attitude on the part of the pilot group in
attempting to deal with these problems.

The International Air Transport Association (IATA) 20th Technical Conference
held in Istanbul in 1975 made the clear recognition that, with very rare
exceptions, pilot error accidents are due not to negligence or deliberate
misbehaviour by the crews, but rather the bi-product of a series of circumstances
which put the crews in a position where the probability of making an error was
extraordinarily high.

Airlines, governments and pilots then started to ask the critical question ‘why
such errors were made?’. There was a move away from the previously held
concept of ‘blame the pilot if things went wrong’ to look at underlying
circumstances from causes.

At about the same time, a number of high profile accidents occurred, in which
there had been no technical failure in the aeroplane, but there had been a
breakdown in the crew responses to the situation in which they found
themselves. Accidents such as those in the Everglades at Portland and
Pensecola in the United States were major drivers in the re-examination of flight
operational philosophies, policies, procedures and practices. In the United States
this was led by United Airlines who unfortunately had suffered a number of the
quoted accidents, and it is greatly to their credit that they started the re-
examination of the reasons for error and techniques for accident prevention. This
formed ‘Cockpit Resource Management (CRM) programmes, essentially
exercises in teamwork, which have been developed and expanded worldwide.
They are now endorsed by ICAO, and there is wide-spread acceptance by
Regulatory Agencies, and they are now to be included in the Joint Airworthiness
Requirements-Operations (JAR-OPS) of the Joint Aviation Authorities (JAA).

2.4.2 Introduction

To facilitate further discussion of teamwork, the paper will be divided into four
areas:

Firstly, a look at the data, statistics and academic research to teamworking, to
consider how the subject has been approached in a generic sense. This is of



Teamwork in Air Traffic Services HUM.ET1.ST13.000-REP-02

Edition : 1.0 Released Issue Page 21

value to both Flight Operations and ATC, since although our needs will be
different in the application of the subject since people are the primary focus,
there will always be broad swaths of similarity. Often, even though the
environment changes, the people do not.

Secondly, the pilots’ view of teamwork will be examined. This will look at the
drivers which led to the dramatic changes in thinking about what is needed from
the men and women who fly a/c, and the work that was done to define what
effective teamworking is, on the flight deck.

The third segment is to describe how this theory is put into practice. The example
of the application is that currently being used in British Airways. In the late
Eighties in British Airways, the ground was being laid which has led to this work,
i.e. CRM. However, CRM largely deals with increasing the awareness and
understanding of human behaviour, with only a small element of acquiring
behavioural skills and applying these in the flying environment. The important
step then is to take this subject of teamwork and make it a measured skill.

The final segment to be covered is looking at the wider team from the pilot’s
perspective and of course in the context to this seminar, that includes our
partners in ATC. There is a saying that ‘no man is an island’. In aviation this is a
truth for all individuals or organisations, and that is also true of global industry
operating within a more and more congested environment. Again, looking at
some of the historical background, you will be given a flavour of the collaborative
work that has been undertaken in the last few years between the United
Kingdom National Air Traffic Services (NATS) and British Airways.

2.4.3 Data Statistics and Research

So, let us now look at some of the recent data and statistics. There has been a
wealth of data available from a/c manufacturers, international organisations,
regulatory authorities and operators which have indicated that in a now overused
phrase ‘70% of a/c accidents are caused by human error’. This term is now
regarded as rather unsophisticated - it is more of a slogan, and requires detailed
analysis. The Boeing Airplane Company has introduced the concept of strategies
for accident prevention, and this different way of ‘slicing the cake’ indicates that a
large proportion, about 40% of accidents, centre around non-compliance with
Standard Operational Procedures (SOPs).

These studies have been carried out on 2 or 3 crew a/c, so it is legitimate to ask
why at least 2 people in a cockpit have not complied with the procedure, i.e.
where was the teamwork?

There are of course a number of possible answers. Complacency, boredom,
unawareness, misunderstanding, high workload and distraction. These might be
termed passive failures. One could have deliberate violations, no adherence to
SOPs, failure to follow instructions - possibly from ATC, failure to manage the
cockpit resources, a gross lack of appropriate vigilance (e.g. all crew members
reading the newspapers). These might be termed active failures.
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A third category could be a proficiency failure, in which there was inappropriate
handling of the a/c or its systems. It can include misjudgement, making incorrect
decisions, and may be exacerbated by a lack of experience, lack of training, or
incompetence. Whatever the reasons, the data gives cause for concern.

The IATA jet safety report focuses upon these issues. In 1995 there were 18
total hull losses to western built jet a/c over 20,000 tons in operational service.
The number of sectors flown was 17.2 million. In 1996 there were 19 operational
hull losses in 17.5 million sectors, 11 of these 19 accidents have been assessed
as having some measure of human failure (active 4, passive 3, proficiency 10 -
some accidents had more than one classification).

IATA has an objective of a 50% reduction in the world accident rate by the year
2004. Unless the human failures on the flight deck can be reduced, this target is
unlikely to be achieved.

As can be seen, one of the major components to continue to address is that of
teamwork.

Now, let us examine the area of teamwork from the academic view - what it is
that we are looking at, and what we are looking for. Teamworking has occupied
the minds of many leading management thinkers. The most common point of
focus with a management expert has been building the team to produce an
effective outcome for the organisation. As we all recognise, although we in
aviation are constrained by the same economic factors that affect other
industries, we have some more obvious outcomes from the failure of teams than
in many other industries, i.e. accidents, which have a high profile in the media
and amongst the population at large.

Two researches to be discussed, if only briefly, are Adair and Belbin. Dealing
with Belbin first, the contribution that we should recognise from his work is the
idea of composition of teams. From the pilot’s perspective the names Belbin
used to describe the components of the team may not appear to have any
context, neither are the number of players available. However, the lesson that we
should draw on is that, depending on the outcome, we required different
components in our team to be available. This is not easy when, with a very
limited team, perhaps 2, they will need to have all the skills available amongst
just themselves.

The work of John Adair is recognised primarily for his focus on leadership. The
reason that he is drawn into discussion on teamwork is readily demonstrated by
an example of Adair’s model. The model most clearly shows that teamworking
does not stand on its own. It is inter-linked with the individual and the task.

The model describes a dynamic situation in which the team, and by implication
teamworking, are affected by the other elements. The other and critical point that
Adair makes is that teams do not happen by accident. Leadership is about
teamworking and creating teams. Teams tend to have leaders, leaders tend to
create teams.
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2.4.4 Focus on Teamwork

In posing the question ‘So why are pilots now so focused on teamwork?’ It may
be asking anyone to state the obvious. The trigger for change in aviation that has
led the domain of the pilot to its position of focus on teamwork has clearly been
the evolution and the understanding of why accidents occur, and the
recommendations and how they can be prevented.

As previously mentioned, the statistic that 70% of accidents attributed to HFs -
some of which we related to teamwork - is far too easily used without
consideration. It is not that these accidents are the significant percentage that
should be the absolute concern. What is of concern is that we already have
many of the tools to fix the problems that create them.

Leaving aside the number of events, it has become clear that we have a problem
on our flight decks that is associated with ineffective crew operation
teamworking. This presented the industry with a dilemma which was focused
upon how pilots were trained and assessed. In short, the parameters for the
training and measurement of a pilot’s skills were designed around the operation
of an individual, and to compound the dilemma, they were technical by nature.
Almost without exception everything else that reflected on success or failure of
an individual within the crew was addressed with the unmeasured scales of
airmanship and crew co-operation.

Richard Hackman of Harvard University (Teams, Leaders and Organisations;
New Directions for Crew-Oriented Flight Training) studied 300 crews on 10 a/c
types of 10 operators, 6 in the USA and 4 outside. He emphasises that when
incidents occur more often than not, it is because the team broke down, because
members somehow ‘lost the music’.

Helmreich (1991) in reviewing the causes of accidents and reportable incidents
concluded that in the great majority of cases the a/c was mechanically capable of
flying out of the situation, all crew members were well trained and in good health,
and yet the crew got itself into trouble. It is the team, not the a/c or individual pilot
that is at the route of most accidents and incidents.

Hackman emphasises that team skills critical to crew performance cannot be
assumed to be present. People are not born with them, nor are they necessarily
developed at flying training school. He points out that CRM programmes which
concentrate upon behavioural styles rather than skills may teach that certain
styles are better than others for promoting team effectiveness, but the changes
in style learned in the classroom may not generalise to the cockpit, especially
under stress. To Hackman, there is no better alternative than Line Orientated
Flight Training (LOFT) with crews operating as a real team in a realistic flying
setting.

2.4.5 Application

With this background and the essential need to address an area that as yet was
undefined and certainly not measurable, a programme was undertaken by
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National Aeronautics and Space Administration (NASA) and the University of
Texas. The outcome of the comprehensive research is the list of attributes and
actions that are the NASA team skills markers. Currently, these are the best
known and most widely used list of skills that go to make up effective
teamworking on the flight deck. It should be said, however, that these are not
considered the definitive list. Research is going on within Europe to develop a list
of markers that have the influence of our own culture and environment.

Given that we now have a list of team skills markers, the next stage assuming
that they are accepted and to define the elements of the effective team, is to
incorporate them into our way of working.

Incorporation of these non technical measures into what is a technically-based
culture, requires not a leap of faith that some might describe, but a well-crafted
plan and it is here that our approach may have some translation for ATC as you
approach TRM. The essential truth is that non technical skills enhance the
technical operation and as such must be integrated at the fundamental level.
This level is the only appropriate one to aim at, so that in all aspects of the
technical operation of the a/c the two parts become indivisible. To achieve this in
British Airways all flight crew trainers, simulator and line training pilots are being
put through a three-day course known as advanced trainer skills. The course is
essentially one of the giving additional skills to a group who already excel in their
chosen profession. The skills can be broken down with respect to teamworking
as recognising effective and ineffective operation, de-briefing teamworking and
then enabling the flight crew under test or training to increase their skills level.

Flight crew as a group are conservative; new concepts need careful
introductions. They are focused on the technical, and suspicious of the less
easily defined behavioural skills. They distrust ‘psycho babble’. The great key to
the acceptability of these markers is that they are able to deliver a clear and
shared vocabulary, teamworking and crew co-operation that effective instructors
have always understood. If we then link this back to the ‘why’ of why we as pilots
interested in teamworking, we can now see that the loop can be closed. The
flight instructor now possesses a language and a means of scaled assessment
for the skill areas that have been identified as relevant in accidents and incidents.
This, however, moves our profession down a new road where we will require
different skills to achieve the new outcome now required. It is logical to
extrapolate that the assessment, selection and training processes that are used
for flight crew will need to recognise the paradigm has been broken and adjust
accordingly.

Having put these changes in place in training and assessment of flight crews in
response to deficiencies detected in accidents, and addressed them in a
simulator, the last part of the cycle is to ascertain if we have changed operation
on the line. One would not expect to measure the effectiveness of training by the
presence or absence of the type of incidents that first lead to the development of
changes in how teamworking is approached. What we have, however, is a
reporting system which, as part of its structure, is able to provide feedback to the
training mechanism. This is the confidential reporting programme within the
family of British Airways BASIS safety systems, namely HFs reporting. Although
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this system deals with the broad subject of all HFs affecting the operation of the
a/c, it has within its structure of descriptive key words the core of the team’s
skills. If reports received from flight crew describe effective or ineffective
teamworking, it is possible to encode this into the database which can then be
interrogated for trends.

2.4.6 Teamwork with Air Traffic Control

Now to the fourth element. Within the pilot’s view this is the wider team. In this
case teamworking with ATC. It is true to say that pilots always work with ATC,
without there being anything that in any sense can be adversarial. Do we always
work together? This question should not be misunderstood. Our individual
disciplines within aviation have developed in complexity which has meant that it
is more and more difficult for either group of professionals to have a
comprehensive understanding of the others’ needs and capabilities within their
function.

Drawing on the experience of British Airways and NATS in the United Kingdom, it
would appear that air traffic agencies are taking the most active steps to close
the gap. To illustrate this there are three examples where British Airways and
NATS work together to address perceived needs are given.

The first part established approximately five years ago was an airline
familiarisation course for junior ATCOs. This was specifically designed to give
the new entrant to the profession a view of how the customer operates in
commercial pressures to which they are subject. Although the course goes well
beyond the area of the flight deck, it includes familiarisation flights as part of the
programme. The success of this course led to a request to extend and develop
the content so that it would be suitable for groups of senior ATCOs. Both
courses, although the teamworking may not have been addressed directly,
provide an opportunity to improve understanding through knowledge.

The third collaborative venture is in the area of training for controllers in the
handling of emergency procedures. Here, a series of videos have been produced
which address a variety of emergency scenarios. In the way that a picture paints
a thousand words, the videos demonstrate the essential effects of good
teamworking from the pilots’ perspective. The safest possible outcome.

2.4.7 Conclusion

One must briefly mention that teamwork exists within the organisational context.
It is vitally important to recognise that its success for application requires the
support of the organisation and management. The work of Professor James
Reason, in highlighting the importance of latent conditions as pre-cursors to
active failures, emphasises the organisational factors in aviation safety.

Safety must be viewed in a systemic way such that managerial philosophies are
reflected in the developed policies and procedures and can be measured in the
operational practices. Only with this level of support can teamwork be
maximized.
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2.5 Team Resource Management Training for Air Traffic Controllers

By Mr Michel Masson, Project Manager, and Mr Jean Pariès, Managing Director,
DEDALE S.A.R.L. - Paris - France

The information, observations and interpretations presented in this article are DEDALE
views on ATC work and TRM. They do not represent in any way the official viewpoint of
EUROCONTROL.

2.5.1 The Needs

ATCOs work in shifts within operational units such as Aerodrome Control Towers
(TWR), Approach Control Offices (APP) and Area Control Centres (ACC). Until
now, a proper management of all available resources (people, information and
equipment) within ATC teams has been mainly viewed as being embedded in the
ATC environment, and individual capacity for teamwork has been mainly
perceived as a natural skill.

The increasing complexity of the ATC task and the increasing demand for safety
now call for a more structured approach through a tailored training. Within the
frame of the EATCHIP, EUROCONTROL has undertaken to introduce and
validate had hoc training techniques into the ATC environment.

2.5.2 The EUROCONTROL Answer

A EUROCONTROL Task Force including experts in ATM and HFs from several
ECAC States was first established in 1995, and developed ‘Guidelines for
Developing and Implementing Team Resource Management’ (EATCHIP, 1996)
in ATM. At the end of 1996 a competitive call for tender allowed for the selection
of DEDALE Company as a consultant for developing a prototype courseware
based on the aforementioned guidelines.

The objective of the current project is to provide EUROCONTROL with a
Prototype Team Resource Management Courseware (PTRMC) for ATCOs. The
prototype courseware will constitute the framework on which national WGs will
build their own national tailored courses.

TRM will be a training tool for operational ATCOs having a professional
experience. The courseware will build on their experience. It will refer to practical
and realistic examples, including actual incidents or accidents. It will be designed
to be facilitated by qualified controllers specially trained for this purpose.

The primary purpose will not be to teach academic knowledge about HFs as
such, but to improve ATCOs' awareness about TRM needs and practical
solutions. However, the courseware will include, when necessary, a ‘refresher’
presentation of the main relevant concepts with limited emphasis on theory. The
TRM courseware will also be designed as a component of a continued training
process for ATCOs; it will include possible connections with ab initio training, as
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well as potential extensions towards recurrent training: simulator training and/or
OJT.

National differences will be dealt with in two steps; the prototype TRM course
core will be based on shared features of national cultures, training systems, ATC
structures, job organisation. The course will then be customised and
implemented on the national level by adding specific outer layers under the
management of TRM national WGs.

2.5.3 The Example of the Airline Industry

It so happened that the Seventies were marked by the occurrence of several
accidents ‘instigated’ by good crews (experienced, properly qualified, well
considered) flying ‘good condition’ a/c (without any failure or only minor ones).
The 1972 Eastern Airlines crash into the Everglades swamp is prototypic of
these accidents.

During the night of 29th December, a Lookheed Tristar was approaching Miami
International Airport, when the crew suspected a nose landing gear malfunction.
After executing a missed approach, the a/c climbed on a westerly heading, while
the crew attempted to check the gear position indicating system. Shortly after
reaching the two thousand feet assigned safe height, the altitude hold autopilot
mode disengaged for unknown reasons, and the Tristar began a gradual descent
which was not detected by the crew, and crashed, killing ninety-six passengers
and five crew members. NTSB determined that the probable cause of the
accident was the ‘failure of the crew to monitor the flight instruments during the
final four minutes of flight, and to detect an unexpected descent soon enough to
prevent impact with the ground’. The nose gear indicator light bulb was the only
actual malfunction on the a/c.

The concept of Crew Resource Management (CRM) emerged in the late
Seventies because such accidents were not understandable within the
framework of the then current safety model, which could be stated as follows:
pilot competence plus technical reliability equal flight safety. A slow safety
paradigm shift then took place over the last twenty years. It has progressively
changed the focus of accident causality from front line operators skills to the
aviation system intrinsic failures (e.g. Pariès, 1996).

The question was: ‘How can skilled operators perform so poorly that they kill
themselves and their passengers?’ A first generic answer to this question
emerged as follows: a crew or a team is not an addition of individuals but an
interaction between individuals. So personalities, attitudes, lack of
communication skills can lead to poor interaction. Pilots should therefore be
informed about personalities, attitudes and co-operative behaviours that are
considered desirable. This was the objective of the first CRM generation. It was
sometimes resisted and rejected by pilots as psychological ‘claptrap’.

Aggressive questioning of personalities was abandoned in most of the cases,
and further issues were progressively tackled both from an individual and from a
team perspective:



HUM.ET1.ST13.000-REP-02 Teamwork in Air Traffic Services

Page 28 Released Issue Edition : 1.0

− updating of situational awareness, decision-making strategies,
− crew/a/c interaction with a special mention to automation,
− error management (prevention, detection, correction),
− interaction with the other teams (cabin crew, ATC, ground staff),
− coping with the environment (time pressure, stress, etc.).

So the focus has shifted from affective aspects of co-operation to management
of all available resources, from crew resource management to crew resource
management.

TRM will definitely benefit from the CRM history lessons (e.g. Helmreich et
al.,1995; Pariès and Amalberti, 1995). But controllers are not pilots. Their jobs do
present some similarities, but also major differences concerning teamwork,
cognitive demands, decision-making, workload management and so on. TRM
must be based on a relevant understanding of ATM job (e.g. Herschler, 1991).
The following section therefore describes some of the main specificities of
teamwork in ATM.

2.5.4 Some Important Features of Teamwork in Air Traffic Management

2.5.4.1 Team Structure

Controllers work as a team and work in shifts. The typical team is a long- lasting
team. Long-lasting means that controllers typically keep belonging to the same
team throughout their career. Controllers from the same team work together, eat
together and also often share leisure activities, holidays. This leads to a strong
team identity, with proper culture and habits. Members of a team would strongly
resist leaving their team or watch to join a different one.

Long-lasting teams typically lead to the same basic team structure which is a
‘clanic’ structure. A clan is a self-organising structure in which everyone has
her/his place, in which roles and status are defined accurately but through
internal tacit rules of functioning, enforced through ‘peer pressure’ (see for
example Gras et al., 1994). Everyone must be fair to the team and accept its
functioning, or will be rejected. Trainees pick up the team culture and habits
when they are trained by their colleagues. Such a team is very aware of the
strengths and weaknesses of its members. For example, the team will not allow
a ‘weak’ controller to take a difficult position during a peak workload situation.
However, everyone is declared to be ‘a (good) controller’ towards the outside
world.

Although many variations can be observed either on a national basis or even on
a local basis, this generic structure is shared by most of the ATM structures in
the EUROCONTROL sphere. Some countries do not use long-lasting teams, but
the smaller overall size of the staff at major control centres leads to a similar
effect.
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This typical team structure has implications regarding several domains of team
synergy: leadership, communication, decision-making are affected, among
others.

2.5.4.2 Leadership and Command

A ‘clanic’ structure facilitates the emergence of leaders: strong individuals easily
‘set the tone’. In the case of ATC teams, leadership is based on competence and
expertise, as well as capability to personify and express the collective interest of
the team, to arbitrate between individual interests. This influences the
relationship between the controllers and their official team hierarchy
(supervisors).

In some countries, the team supervisors are selected by the authority of the ATM
organisation with reference to seniority. There is no specific assessment process
nor specific training (for communication and leadership skills).

In other countries, the supervisors are selected and qualified on the basis of
technical and personal capacity, as well as motivation and attitude towards the
job and towards the organisation.

However, contrary to what could be expected from these differences in the
selection process or from (national) cultural features, the command style is
currently rather comparable. The team supervisor is not (necessarily) recognised
by the controllers as the control room boss. Even if she/he is legally responsible
for the decisions taken, the supervisor does not usually exercise her/his authority
over the controllers firmly. Depending on the traffic situation, she/he delegates
most of her/his authority to controllers, and mainly acts as a monitoring and
backup resource. Technical decisions, including bandboxing and splitting of
sectors and real time sector staffing, are actually often taken by controllers on
sector, with tacit approval from the supervisor. Supervisors mainly plan and
organise staffing, schedule work, deal with individual requests (resting time,
rostering, days off, etc.), and perform paperwork. Only if necessary (e.g. in case
of an emergency) would a supervisor behave as the actual room boss and
decision-maker. Conversely, the physical distance between the supervisor and
the controllers in the room is an indicator of the situation demands and of the
quality of control.

2.5.4.3 Communication

Communication between Controllers of the Same Unit

Communication between controllers of the same unit is heavily influenced by the
high level of mutual knowledge that prevails within a long-lasting team. Visual
information backs up verbal information and vice versa. Actions taken locally
naturally inform the others about the intentions and the strategy of their authors.
Silent communication continuously takes place between controllers who share a
common representation of - at least part of - the traffic. Tacit communication
takes place through understanding of the situation and intent recognition (see for
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example Masson, 1996, for a short literature review). Verbalisations are mainly
used to reduce uncertainty. Example: ‘This Lufthansa over there, I'm gonna turn
it to the left’, meaning: ‘I know you can expect me to turn it another way’ and/or
‘This control action may impact the situation on your sector’. Verbal (non
professional) communication is also mainly used to maintain a friendly
atmosphere and team spirit.

Communication between Controllers of Different Units

Communication between controllers of different units is purely verbal, as it uses
the telephone. As controllers of different units do not see each other, and do not
necessarily know each other, this communication is intermediate between intra-
unit communication between controllers and communication with pilots. It is a
one-to-one communication, but no visual feedback is provided (except through
radar screen, the a/c squawk being a common reference). Conflicts often arise at
the interfaces between sectors assigned to different control units, because of
communication failures and because control styles can vary pretty much between
units. Different local or national cultures also influence the reliability of
communications (see the paragraph about cultures below). Here are examples of
attitudes towards other control units:

− ‘You know how they are: single-minded and disciplined!’
− ‘In that unit, they work like at school: funny!’
− ‘We are the best! We are working the right way!’
− ‘Controllers of that unit can sometimes be unfair.’
− ‘You cannot expect the people from that unit to be rigorous...’
− ‘You can ask such thing to all units but this one.’

Such attitudes are rather resistant to change; they really operate as stereotypes,
and each unit is globally convinced to behave in the proper way.

‘While we invariably extend a fair measure of tolerance to the errors and
quirks of the gauche and eccentric foreigners, it is still the foreigner who
appears gauche and eccentric, not us.’ (Johnston, 1993).

Communication between Controllers and Pilots

As communication with pilots is only verbal, no visual feedback is provided -
except by monitoring the a/c plot and control parameters on the radar screen
(heading, Flight Level (FL), speed). But this is a slow response feedback.
Communication follows a one-to-many pattern: the pilots receive all messages
sent through the air and are mainly (but not exclusively) receptive to the ones
which concern their flight. Consequently, a strong component of any message is
its ‘address’. Communication is strongly structured through the standard
phraseology (normal and emergency) and through ‘hearback/readback’ cycles.
Errors are frequent and may be critical.

Roughly half of all communications by pilots and controllers include at least one
error (Wilson, 1996). The main errors are confusions of call signs, confusions
between call signs and FL, deviations from standard phraseology (e.g. Koenig,
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1997), omissions and mutual misunderstandings. Routine expectations also lead
to communication failures: a typical situation is a pilot acting upon the ATC
clearance he was expecting (due to habit, wish, hurry up, etc.), while the
controller did not (or not immediately) identify the erroneous readback. Standard
phraseology is a good protection against this, but it also has some drawbacks
which facilitate deviations: it is constraining; it is depersonalised and therefore
may be felt as boring or frustrating; it can hardly support special information
requests.

2.5.4.4 Decision-making

Decision-making in ATC is both an individual and a collective process. Decisions
made by controllers include micro and macro-decisions.

Micro-decisions are tactical decisions. They concern issues like:

•  Selection of a conflict resolution strategy;

•  Issuing clearances: change of FL, heading, speed;

•  Questioning information received from colleagues and pilots: e.g.: ‘This
pilot called me “Maastricht” instead of “Frankfurt”...Why? What does it
mean? Should I ask him to confirm? Is there any problem behind? Or can I
save time?’;

•  Switching to emergency phraseology.

Macro-decisions are strategic decisions. They concern issues like:

•  Sector staffing, splitting and bandboxing;

•  Monitoring colleagues after shift handover or bandboxing;

•  Accepting traffic load, asking for assistance;

•  Triggering an emergency plan.

As all human decisions, ATC decisions are made according to technical criteria,
and result from problem-solving, but they also include emotions, affects and
feelings (Damasio, 1995; Hopkin, 1995). Among such factors are team pressure
(not losing pride in front of colleagues or pilots), motivation and job satisfaction.
For instance, late decision to split a sector can induce incident-prone situations.
Such a decision can be driven by a wish to maintain competence, to get job
satisfaction and to maintain a valuable position in the team. Asking for splitting
can indeed be interpreted by the others as a weakness, a ‘tender foot’ action.
The fear to ‘lose face’ can motivate inadequate decisions. This is typically the
kind of attitude that TRM will have to tackle and, ideally, to modify...
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2.5.4.5 Situational Awareness

In order to make decisions and implement actions, controllers must have a
proper understanding of the situation, a good ‘situational awareness’ (see for
example Sarter and Woods, 1991, for a definition). The ‘process’ to be controlled
is a dynamic process, which evolves in part according to control actions taken by
ATCOs and in part in an autonomous way.

Controllers have to deal with multiple tasks like maintaining a proper
understanding of the global traffic situation, identifying conflicts, finding out
resolution strategies, implementing resolution strategies, co-ordinating with
adjacent sectors and instructing trainees. All these tasks mutually compete for
catching attentional resources, in a context where controllers are randomly
interrupted by ‘blind’ communications from pilots and colleagues from adjacent
units.

Controllers rely on two main visual information systems providing two external
analogical representations of the traffic, the radar and the (paper) strips:

•  Visual information provided by the radar are 2D while monitoring, control,
planning, scheduling and decision-making activities concern a 3D world.
The vertical dimension on the radar is purely digital. Reconstructing the
third is based on mental imagery and integrates knowledge of sectors'
geography (airways, flight profiles, departure and arrival patterns, etc.).

•  Strips are mainly used to structure the mental representation and to plan
(identifying incoming a/c and their planned flight path, pre-identify conflicts
and resolution schemes), to take note of actions and a/c evolution (e.g.
climbing), to refresh traffic representation (scanning the strip board), to
provide a backup when radar information is downgraded.

Working memory is facing strong demands: controllers have to memorise a lot of
features during the course of action, and to schedule and monitor activity. Under
acute situation pressure, this process becomes error-prone (e.g. Reason, 1990).

Different resolution strategies are used according to traffic requirements and
resources available, at the level of the individual, the sector or the team. The two
extreme situations are anticipative control (being ahead of the traffic) and
reactive control (falling behind the traffic). The ultimate version of reactive control
is mere anti-collision, which is felt as a very negative experience by controllers.

Practice is critical in ATC. Practice allows for the development and maintenance
of visual, auditory, control, monitoring and communication skills. And these
technical skills are quickly impoverished when not practised. Even highly
experienced controllers for example feel uneasy when they go back from holiday.
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2.5.4.6 Cultural Aspects

No nation can nowadays consider its ATC services independently of the others.
ATC is now part of a worldwide service network. Many nations around the world
are now facing similar HFs problems in ATC, because of technical
advancements regarding traffic control, a/c equipment, traffic growth, and future
air/ground integration requirements (Hopkin, 1995).

But, as Johnston (1993) noticed about CRM in airlines, if flight safety and
efficiency are now shared objectives across the international aviation community,
there are wide differences in definitions, understandings and choices to achieve
these objectives in the best possible way; this might be due to the fact that there
is no single best way to achieve safety and efficiency as soon as cultural
differences are acknowledged. This calls for a necessary customisation process,
which will be tackled in the TRM in a forthcoming adaptation phase.

The following figure plots scores on the two Hofstede's dimensions ‘Power
distance’ and ‘Individualism’ for eighteen European countries (Hofstede, 1980,
1991). Germany and Great Britain, for example, score as small power distance -
high individualism countries, while France differs by a larger rating on power
distance. There is some evidence that these dimensions do have influence on
the captain - first officer relationship in cockpits (see for example Redding and
Ogilvie, 1984, Johnston, 1993, and Merritt, 1994).

Small Power Distance
High Individualism

Great Britain Norway
Netherlands Switzerland
Denmark Germany
Ireland Finland
Sweden Austria

Large Power Distance
High Individualism

Italy
Belgium
France
Spain

Large Power Distance
Low Individualism

Turkey
Greece
Portugal
Yugoslavia

Figure 3: Power Distance x Individualism
for 18 European Countries (derived from Hofstede, 1983)

Unfortunately, cultural studies are less developed in the ATM domain.

According to our observations and interviews with controllers, cultural factors
could lead to different attitudes, behaviours or practices in the following issues:

− attitudes towards errors;
− attitudes towards female controllers;
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− selection and training requirements;
− work/vacation time balance, attitude towards pleasure and life enjoyment;
− attitude towards risk;
− attitudes towards leadership and command;
− team structure, team functioning and team spirit;
− attitude towards ATC institution and authorities;
− attitude towards other national and foreign units.

2.5.4.7 Relationship between Workload, Safety and Job Satisfaction

Typical Incident-prone Situations

Typical incident-prone situations involving the team are:

•  Insufficient staffing;

•  No or late splitting decision, in order to get more fun (traffic load is a source
of excitation for controllers) or not to ‘lose face’ in front of colleagues (peer
pressure);

•  Shift handover without proper briefing;

•  Leaving the position without proper briefing: either the whole task context is
not properly transmitted or it is but with some omission (an a/c for
example);

•  During a bandboxing operation, providing a sector without monitoring its
integration by the receiving sector;

•  Unsuitable tacit assumptions concerning colleague actions or
interpretations, within the team or between control units (‘I thought you
would know/you would have understood’, etc.).

In their daily practice, controllers are very sensitive to incidents. Incidents are
perceived as strong signs of professional failure and are quite always
experienced as ‘traumatisms’, mainly because controllers easily imagine the
incident could have turned into a disaster. Incidents are a strong source of
stress, which sometimes requires psychological support. Stress has therefore to
be properly managed, both at the individual and at the team level. This is another
benefit expected from TRM.

Relationship between Workload and Incidents

Incidents can occur in any workload situation, but we hypothesise a kind of
‘U-shaped’ relation between workload and incident frequency.
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Under Extreme Workload

Extreme workload situations are particularly incident-prone. Anticipation is no
more possible, controllers strive only to act in a reactive way, performing mere
anti-collision. Activity becomes strongly disorganised, sometimes up to the
breakdown. Overload situations are feared by controllers mainly because they
endanger safety, and also because controllers fear loss of face (loss of pride):
both self-image and the way the person is viewed by the team are affected
where failure to cope with the traffic occurs.

These situations are pretty rare. They are mainly due to:

− no or late splitting,
− undue bandboxing,
− very high traffic conditions (above system capacity), which creates:
− anticipation or control failures.

Under High or Medium Workload

High or medium workload situations require to pay a high degree of attention to
the task, but controllers are very efficient in managing such situations in a
reliable manner. Here is a comment made by a supervisor of the Approach Unit
in Frankfurt: ‘If you have a lot of a/c on the air, you're just too busy to make
mistakes!’.

Under Low Workload

Quoted from a controller: ‘Only 2 a/c at the same FL can be tricky and is thus
incident-prone!’ Low workload situations are indeed tricky because it is prone to
insufficient concentration on the task, controllers being attracted into side-
activities, like discussing with colleagues, reading newspapers. Monitoring is then
reduced (the chair is moved away from the position). Or hypovigilance may be
induced.

Dynamic Aspect

Controllers are trained to work within a ‘comfort window’, which corresponds to a
reasonable amount of traffic (i.e. not too high and not too low). They tend to stay
within this window using workload management strategies. They may face
difficulties when these workload management strategies are overburdened.

Human operators - including controllers - are bad at coping with rapid changes in
their workload. The risk of incident increases drastically when a low workload
phase follows a high workload one, because of attention release and distraction
associated to recovering from high concentration and fatigue. The risk of incident
also increases when a workload peak follows an underload phase because of the
difficulty to mobilise resources. This can be observed at the scale of a working
day, and also at the scale of weeks and seasons: incidents tend, for example, to
increase in summertime.
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Relation between Workload, Safety and Job Satisfaction

Controllers are not supposed to be paid for getting fun! But what makes this job
satisfactory? Doing things efficiently - in other words accepting a high workload -
is part of the answer. So, even if cultural differences can be felt, controllers
globally appreciate high traffic situations, mainly because they allow to maintain
competence and skills, they provide fun in the course of action and satisfaction
afterwards (there is a kind of challenge or surfer spirit: controllers appreciate and
enjoy nice control actions in dense traffic).

Suppressing the pleasure dimension from the job through a strict workload
control could well lead to boredom, and paradoxically have negative effects on
safety. On the other hand, ‘playing with traffic’ is also ‘playing with risk’. So every
time risk is controlled successfully, it is great. But when it fails, it is an incident!

Risk is actually high when attention scanning and monitoring level are not
meeting the demand of the situation. The demand is closely related to workload.
Attention scanning and monitoring level are in turn controlled by the perception of
risk, which is related to the traffic demand, and to psychological factors (peer
pressure, fear to lose face, memory of prior near miss experiences, fear to kill
people, stress, etc.) and to situational factors (instruction on sector, formal
examination, etc.). Finding the proper level of risk-taking and job satisfaction is a
matter of balance. And TRM may contribute to help the controllers to find the
proper balance, in favour to safety.

2.5.4.8 On-the-Job Training

Instruction on sector is a normal situation in ATC. But on the job training is
incident-prone, as statistics demonstrate. Coaching a trainee sets extra demand
on the instructor.

It requires creating and maintaining a second mental model regarding the
trainee's situational awareness and actions to assess the quality of the trainee's
strategy and to take over in case of necessity.

How does a qualified instructor know when to take over? It is a subtle decision,
depending on the balance between overconfidence and lack of confidence.
Setting the proper confidence level is a whole process in itself. Assessing actual
trainee performance allows to set a proper confidence level. Confidence does not
evolve in a linear way. Failures are needed to calibrate confidence properly. Too
few or (too many) opportunities induce overconfidence or lack of confidence.

2.5.4.9 Procedures and Practices in Air Traffic Control

As most of front line operators, controllers are facing a paradox: they are
requested to stick to procedures, while, at the same time, requested to be
‘intelligent’, adaptive and flexible. Indeed, a big deal of procedure interpretation is
needed. As quoted from one controller: ‘Procedures cannot describe all
situations faced; they provide only generic task and role allocation principles! By
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the way, if you stick to procedures, you are not always able to deal with all the
traffic...’.

Procedures and regulations are seldom fully and correctly known by controllers.
It is not rare to meet two controllers with different opinions about what is
prescribed and what is not! ATCOs seem to behave more on the basis of an ‘oral
tradition’, sticking more on rules of thumb than to written instructions and
regulation. However, this is once again a matter where cultural differences are
important.

ATCOs are far less referring to written procedures, methods and regulations than
cockpit crew. One reason is that their activity is mainly a mental one. It is
impossible to specify cognitive processes the way action sequences are
specified. Another reason is that, in the ATC world, it is generally not possible to
set down specifications - because of its high level of flexibility and autonomy.

Procedures will never substitute to background knowledge and skills. Particularly,
control activity is mainly based on technical and social skills acquired through
intense practice. But procedures do provide a common reference. Deviating from
procedures does not imply an immediate accident. However, team synergy is
impaired when some controllers stick to procedures while some others do not,
because of possible discrepancies in expectations and actions. High risk
situations may then occur.

2.5.5 Contents and Structure of the Course

2.5.5.1 Contents

The PTRMC contents will cover all the topics recommended by the ‘Guidelines
for Developing and Implementing Team Resource Management’. The
development process will build on the ATM job specificities as described in
Section 2.5.4 above, and address the following issues:

− introduction,
− situational awareness,
− decision-making,
− communication,
− teamwork,
− leadership,
− stress,
− conclusion.

2.5.5.2 Courseware Structure

The TRM training program will be implemented in the form of a three-day
seminar. Each of the topics listed above will be addressed in a specific training
module.
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The training method will build on the trainees professional experience, to
diagnose safety-related problems in professional situations relevant to each
module.

These situations will be presented using a variety of tools such as realistic videos
showing controllers at work (to be specifically shot for this purpose at a national
level), case studies, role-playing, interactive presentations based on
transparencies (data projection). Professional experience will be elicited through
debriefing sessions.

Further on, the HFs knowledge required to provide an interpretation of the
problem will be brought about. Theoretical aspects will be introduced when
necessary, but not systematically emphasised.

Existing solutions to problems will be acknowledged and revisited, and innovative
solutions will be derived whenever possible. Practical implications for behaviour
and attitudes will be discussed.

Reinforcement of positive behaviour and attitudes will be sought where
necessary using additional videos or other training materials (practical
exercises). The following diagram shows the typical structure of each module:

or
accident/incident 

statisticscase study
practical 
exercisecase video or or

interactive presentation,
relevant HF knowledge to understand

discussion: what tools to improve behaviour

if useful and possible : case video or exercise
to illustrate/reinforce positive behaviour

summary of main ideas

debriefing: a specific human behaviour,
a potential benefit or a challenge to safety

Figure 4: TRM Modules Structure
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2.5.6 Conclusion

Controllers are a key component of aviation safety. They can contribute to
improve or maintain it against major modern challenges. They work within a
system which controls their training, working tools and procedures, their work
schedule, and a lot more. But they still have several degrees of freedom to
monitor and control their performance and reliability.

They work as a team and work in shifts. They are used to a strong team identity,
with its proper culture and habits.

They are used to an environment where roles and status are defined accurately
through internal tacit rules of functioning and ‘peer pressure’. They are
communication professionals, and have a lot more team membership
professional skills. TRM will build on that, and will further clarify the conditions
and tools needed for a highly effective and reliable teamwork.
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2.6 Team Resource Management in CNS/ATM Systems

By Captain Daniel E. Maurino - Co-ordinator, Flight Safety and Human Factors
Programme - International Civil Aviation Organization (ICAO) - Montreal, Canada

2.6.1 Introduction

This paper comprises two parts. The first part argues that a close relationship
exists between safety and training, and asserts that the prevailing safety
paradigm shapes training development and contents. TRM is no exception to
this. The paper briefly reviews the relationship between safety and training and
links three possible safety paradigms with the most likely approaches to TRM
training associated to each of them. The second part discusses the evaluation of
the effectiveness of TRM, challenging the value of such evaluation if based on
data from accidents and incidents - the traditional source of feedback in aviation.
The paper critically reviews this practice, and suggests an alternative way to
move forward in the evaluation TRM's contribution to aviation safety and
efficiency as an error management tool.

2.6.2 On the Relationship between Safety and TRM Training

Safety is partly an objective process based on techniques and supported by
data, but it essentially develops from attitudes. Safety deals with the identification
of hazards and the perception of the risks such hazards might generate. It deals
with the allocation of resources to avoid damage to property and therefore with
the value of human life. Neither hazards nor risks are objective or inherent to
artefacts or activities but rather subjective constructs developed based on
experience and beliefs. Such constructs are different in different parts of the
world because of culture-induced beliefs. This inevitably leads to the fact that the
value of human life and allocation of resources to cancel hazards and deny risks
will vary across the global village. Safety is not the fully objective process
asserted by tradition, but a subjective process of risk evaluation and acceptance.

Training, on the other hand, is one means to cope with deficiencies which were
unforeseen or ignored when the system was designed. At its bottom line, training
is a moderator of systemic failures. As such, consciously or unconsciously,
training is linked to the prevailing safety paradigm. Effective training must
therefore build upon a relevant safety paradigm as well as upon an
understanding of systemic deficiencies (what the real problems are).

Predominant beliefs about safety across aviation can generically be grouped in
three distinct paradigms, and it is possible to link each of these paradigms with
an associated approach to TRM training.
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2.6.2.1 The Individual Paradigm

The first link is based upon the most widely held safety paradigm and comprises
the following premises:

•  Safety is a universal value. Safety is considered a culture-free value with
universal definition. Safety problems, their causes and solutions are the
same across the world.

•  Accidents are caused by individuals. Accidents are caused by individuals
who deviate from professional practices, exhibit lack of discipline or
disregard training they have received.

•  Human error as a cause. Accident investigations backtrack events until the
point in which operators' actions or inactions produced an outcome other
than the one desired; human error is then pronounced and the process of
investigation closed. Accident investigation is oriented towards finding guilt
and apportioning blame.

•  Reaction.  Safety is a reactive activity entirely focused on the outcome
regardless of the quality of the process: if, at the end of the shift, the
number of landing clearances a controller has issued equals to the number
of takeoff clearances, safety has been accomplished (even if ten near
misses and twenty losses of separation occurred in the process).

TRM training associated to this paradigm would probably look as follows:

•  Universal solution. TRM is a solution of universal application, with minor
changes. It is ‘cosmetically’ tailored after CRM training programmes and it
does not need to be based on data collected from the organization where it
will be implemented.

•  Focus on individual performance. TRM is largely ‘leader's training’: its
objective is to make supervisors more responsive to fellow workers inputs.

•  Prevention strategy aimed at the outcome. The objective of TRM is to avoid
accidents by inhibiting ‘bad’ human performance.

•  Training intervention narrowly focused. TRM attempts to fix supervisors
with the ‘wrong stuff’, essentially those who are not team players.

•  Prevalence of consultants. TRM is considered to deal with ‘soft’ instead of
‘real’, technical issues, and is therefore designed and delivered by
consultants (who, most of the times, have no clue of how the aviation
system can fail). These programmes are most likely a ‘translation’ of
existing CRM programmes.
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2.6.2.2 The Social Paradigm

The second link is based upon a paradigm which started to gain terrain in the
late Eighties, and which can be summarized as follows:

•  Safety is a social value. Safety problems across the industry may exhibit
similar symptoms, but they encode different causes and therefore require
culturally-calibrated solutions. Exporting solutions which worked in one
context to another will likely address visible symptoms while leaving causes
largely untouched.

•  Accidents are caused by work groups. These work groups may be an ATC
team, a flight crew, a maintenance shift, or an entire airline, maintenance,
manufacturing or regulatory organization.

•  Human error: cause or symptom? Human error is considered a symptom
rather than a cause, an indication of deeper deficiencies somewhere in the
system, just as fever is the symptom of illness rather than its cause.

•  Reaction and pro-action. Accident investigation remains the focus of
prevention activities, but there is increasing interest in the investigation of
incidents. Confidential reporting systems proliferate.

TRM training associated to this paradigm would probably look as follows:

•  Context specific solution. TRM is designed based upon data collected
about the organization and therefore reflects local values. Corporate
culture issues are integrated into TRM training design.

•  Focus on individual performance but interest in the work group. TRM
focuses on human performance issues such as stress management,
improved situational awareness, decision-making in naturalistic
environments and so forth.

•  Prevention strategy aimed at the process. TRM aims at improving the
quality of the process. Unit-specific case studies include those where
controllers averted potentially worst outcomes, or where bad outcomes
occurred in spite of good processes.

•  Training intervention broadly focused. TRM starts with ‘console’ solutions,
but it expands to include upper hierarchies within the ATC organization.

•  Consultants supported by operational personnel. As TRM addresses
operational issues, controllers become actively involved in its delivery.
Consultants' participation is limited to training design, with controllers
supporting them.
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2.6.2.3 The Organizational Paradigm

The third link bridges a dawning safety paradigm with what TRM might look in
the future, and can be summarized as follows:

•  Safety is a corporate value. Safety practices consider the organization's
particular ‘way of doing business’ as well as corporate's possibilities and
constraints. What works well for one organization does not necessarily
work equally well for others.

•  Accidents are caused by system flaws. The failures observed at the ‘front
end’ of aviation operations are considered symptoms of deficiencies in the
architecture of the aviation system.

•  Human error as a symptom. Error is accepted as normal component of
human performance, unavoidable but manageable. Procedures and design
aim at making the consequences of error visible and without catastrophic
consequences beyond recovery, rather than at error-free performance.
Human error is a clue which indicates where the safety investigation
process must begin rather than end.

•  Pro-action. Attention is focused on the processes incurred by the aviation
system, regardless of the outcome of these processes. Prevention
endeavours concentrate in process monitoring, through operations quality
control and assurance.

TRM training associated to this paradigm would likely look as follows:

•  Dedicated solution. Consideration of cultural issues include the
professional controller culture and the subcultures of the different controller
groups.

•  Focus in the organizational context. TRM training becomes an
organizational development, an organizational mandate on how to conduct
operations rather than a fix for the ‘wrong stuff’.

•  Broad prevention strategy. TRM is considered a strategy for error
management in the ATC environment rather than business management
training adapted to aviation.

•  Broad training intervention. TRM provides controllers with further
knowledge to contain the adverse consequences of system deficiencies
unforeseen or ignored at the time of system design, and which periodically
penetrate system defences.

•  Operational personnel supported by consultants. Controllers are actively
involved in training design rather than simply in its implementation.
Controllers are also actively involved in research in a support role.
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2.6.3 The Evaluation of TRM Training Effectiveness

2.6.3.1 ‘Accident-induced’ Design?

Most attempts to measure the effectiveness of training strategies use to some
extent accident data as important source of feedback. However, accidents
provide limited opportunity for feedforward. Accidents belong in the past, and
while accident scenarios may present similar circumstances, they are never the
same. In socio-technical systems - and contrary to conventional belief - accidents
never repeat themselves. The general scenario might look the same, but
contextual differences make each accident scenario unique. The statistical
probability of exact duplication of sets of circumstances is indeed very small.
Furthermore, since humans design, manufacture, operate, maintain and manage
the aviation system, human error will always be a high priority suspect (and
probably a foregone conclusion) in most accident reports. The lessons we may
learn from accidents are limited. We might be able to define generic accident-
inducing scenarios (i.e. CFIT). We might identify external manifestations of error,
its types or frequencies, or whether a particular training deficiency is more
conspicuous than others. This, however, provides only a tip of the iceberg
perspective. Such analysis concentrate on failures, and what we need to better
understand are the success stories, to see if we somehow can ‘bottle’ their
mechanisms and export them widely.

Furthermore, when retrospectively analyzing human performance in accidents,
analysts know that the behaviours displayed by participants in such events were
‘bad’ because the bad outcomes are a matter of record. This is a benefit the
participants obviously did not have when they selected what they thought were
‘good’ or ‘reasonable’ behaviours. It is also appropriate to remember that human
decision-making in operational contexts is a compromise which demands a
balance between production and safety; between production-oriented behaviours
and decisions, and safety-oriented behaviours and decisions. This is indeed a
complicated as well as delicate balance, and humans are generally very effective
in applying the right mechanisms to successfully achieve it, although they
occasionally fail.

To sum up, accidents yield data about the mechanisms which failed to achieve
the desired balance about failed compromises. What we need to capture -
through systematic analysis - are the mechanisms underlying successful
compromises so that we can turn those coping strategies into training
interventions. This can only be obtained by monitoring normal operations.

2.6.3.2 Incident Reporting: avante ma non troppo

A step forward in this direction is the proliferation of incident reporting systems.
However, it is not enough. It is accepted wisdom that incidents are precursors of
accidents, and that N-number of incidents of one ‘kind’ take place before an
accident of the same ‘kind’ eventually occurs.
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Most safety practitioners would agree that incidents are more reliable indicators
of system safety than accidents, if for no other reason because they signal
weaknesses within the system before the system breaks down. However, there
appears to be no evidence of any formal endeavour to establish a statistical
relationship between accidents and incidents which would withstand the so-called
burden of proof. On the other hand, there are limitations to the value of the data
from incident reporting systems. First, because accidents are unique set of
circumstances which seldom duplicate, so it is questionable whether a solid case
could be built about how rigorous this accepted relationship between similar
‘kinds’ of incidents and accidents really is. Second, because incidents are
reported in the language of the trade (i.e. aviation), and therefore capture only
the external manifestations of errors. In order to understand the mechanisms
underlying errors in operational environments, flaws in human performance
captured by incident reporting systems should be considered as symptoms of
mismatches at deeper layer of the system. This mismatches might be
deficiencies in training systems, flawed person-technology interfaces, poorly
designed procedures, corporate pressures, poor safety cultures and so on.

Incident data is not enough to understand how the aviation system fails and the
human contribution to these failures. It is better than accident data, but the real
challenge is to take the next step: it is essential to move beyond the visible
manifestations of error when attempting to evaluate training interventions. If such
interventions are to be successful in modifying behaviours, errors must be
considered as the point of departure, as the symptom which suggests in which
direction to look further. In making a medical analogy, error would be just as
fever: an indication of illness and not its cause. It is the beginning rather than the
end of the diagnostic process. In extending the analogy, it is suggested that
accident investigation is the post-mortem of the system, and there is not much
that can be done about it; incident investigation is like going to the doctor to
check symptoms (possibly serious, possibly not), while normal monitoring is like
the annual physical - checking the system pro-actively before it ‘gets sick’. The
value of the data generated by incident reporting systems is that it identifies
areas of concern, but it is suggested that such data does not capture the
concerns themselves.

2.6.3.3 ‘Normal’ Design

While the analysis of A/I databases will provide some answers to questions
about human error in operational environments, it is unlikely that it will answer
the fundamental question to understand the role of human error in aviation
safety: to what extent successful coping strategies employed by controllers, to
what extent successful TRM strategies contributed to avert incidents and
accidents? In order to indeed dig out the role of human error in aviation safety, in
order to prioritize the issues to be addressed by TRM training, in order to
eventually reshape TRM training, this is the fundamental question for which a
systematic answer is imperative.

Training strategies should build upon positive rather than negative outcomes.
Normal process monitoring (such as normal operations and simulation
observations by expert observers utilizing objective observation tools) will provide
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meaningful information about positive outcomes, the mechanisms of which could
then be identified and shaped into training interventions such as TRM, and later
applied to evaluate their effectiveness. Any typical duty shift - a normal process -
involves dozens if not hundreds of errors (calling wrong frequencies or altitudes,
acknowledging incorrect readbacks, mishandling switches, and so forth), which
have no damaging consequences because: (a) controllers employ successful
coping strategies, and (b) system defences act as contention net. It is about
these strategies and defences that we must learn to then shape training
strategies, and not about those which were unsuccessful.

A second and highly desirable level should include monitoring of the normal
processes that aviation organizations incur while pursuing their production goals;
processes such as communicating, budgeting, financing, training, monitoring,
allocating resources and so on. These are all processes over which
organizations in aviation (both airlines and regulatory) have a direct measure of
control.  Downsides in these processes are inevitable and they become ‘latent
conditions’ which eventually foster errors at the tip of the arrow which in turn
penetrate the system defences and generate incidents and accidents. The
fundamental point is that the latent conditions which are going to foster human
error are already present in the system, hence the importance of normal process
monitoring to anticipate human error.

2.6.3.4 Postscript

When approaching prevention through training strategies, it is essential to
remember that error is a normal component of human behaviour. Regardless of
the quantity and quality of training humans may receive, error will continue to be
a factor in operational environments because it is the downside of human
cognition. Error countermeasures - including training - should not attempt to
avoid error, but to make it visible, and trap it before it can produce damaging
consequences. Human error is unavoidable but manageable. As an afterthought,
it is important to stress the difference between errors (product of human
limitations) and violations (which have a motivational component). While we must
accept error as the inevitable downside of human intelligence and flexibility, and
we must learn to live with it, violations are not to be condoned.

2.6.4 Conclusion

A disquieting tendency has been developing over the last year or so. The
foundations for TRM's ‘father’, CRM, were laid in the late Seventies, and further,
broader-oriented HFs endeavours multiplied across the international aviation
community during the Eighties. All these interventions have been justified in the
so-called ‘70% factor’, and they have all been attempts to reduce the incidence
of human error in aviation operations.

However, statistics seem oblivious of these efforts, and 1996 has in particular
been a very unmerciful year in terms of the human contribution to safety
breakdowns. The fact that the industry has apparently not been able to reduce
the incidence of human error in spite of its efforts (and considerable allocation of
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resources), combined with the poor 1996 safety statistics have led some quarters
to speculate about the safety value of HFs in general and CRM in particular.

It is a very human tendency to look for scapegoats when things do not go the
way we would like them to go. HFs and CRM/TRM are simply tools which
contribute to improve - not to generate by themselves - system safety and
efficiency by better interfacing humans with humans, humans with the technology
they use to achieve the system’s productions goals, and humans with the
organizations to which they report. HFs and CRM/TRM are only part of the
prevention process. It is this process and its sustaining paradigm which are in
serious need of reconsideration and reshaping, and not simply one of the
‘modules’. Because we seldom look at the normal processes, there is no way we
can statistically score, beyond anecdotal evidence, the number of ‘saves’
CRM/TRM and the application of HFs knowledge in aviation have contributed
over the years. If we would, the figures would rise more than one eyebrow in
surprise. It would indeed be regrettable if HFs and CRM/TRM - for all perceived
shortcomings, real or otherwise - become the scapegoats of the aviation
system’s collective failure to tackle the real safety issues as they come.
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3. SUMMARY OF THE WORKING GROUPS

Six WGs were held in parallel. The WGs have been run according to a structured
method.

The texts below present the conclusions of the WGs which took place during the
second workshop day and which were presented by the rapporteur of each group
at the conclusion session on the third day.

3.1 Teamwork, the Concept

Facilitators: Anne-Laure Amat and Michiel Woldring
Rapporteur: Nigel Sylvester-Thorne
Authors of the Conclusions: Anne-Laure Amat and Michiel Woldring

3.1.1 Introduction

The text below reflects the issues discussed by the WG dealing with the concept
of teamwork in ATS. Many aspects were mentioned but, due to time constraints,
checks on completeness and prioritisation have not been set up.

For definitions and the EUROCONTROL concept of teamwork, we recommend
the EUROCONTROL publication (HUM.ET1.ST10.1000-GUI-01): Guidelines for
Developing and Implementing Team Resource Management.

3.1.2 Main Results

3.1.2.1 Overview of the Concept

The WG defined safety and efficiency as main objectives for teamwork in ATS.
Group development, individual development and attitudes were clustered as
main elements of the concept.
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Figure 5: Teamwork, the Concept
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3.1.2.2 ATS Team Objectives

The role of the ATS team is to provide safe and efficient services to the aviation
community. Reliable hardware and software, regulations, procedures and
training are the solutions most frequently brought forward. Yet organisation of the
work and collaboration with the wide circle of aviation team members is also of
primary importance. Teamwork is indeed a major contributing factor to safety
and efficiency.

Safety

In the current aviation system, flight safety is mainly jeopardised by human error.
Teamwork, because it implies good communication, co-operation, structural
checks in the team and sharing of information contributes to error avoidance,
error recovery and error management. Indeed, teamwork reduces the errors
stemming from communication problems within the team. It increases the chance
of identifying an error made by a member of the team and makes it possible to
reduce its impact.

Efficiency

When working as a team, the performance of a group of people is superior to the
sum of the individual performance. Two controllers working as a team are more
efficient than two controllers working in their own sector and focusing on their
own part of the task, with no consideration of the need and task of the other.
Teamwork goes beyond the arithmetic rules and states that 1+1>2.

When working as a team, people can support each other, anticipate the needs of
their colleagues, contribute to the regulation of the group workload, collaborate in
the management of the situation, make decisions considering different
viewpoints (holistic approach) and implement these decisions more efficiently
because they are not imposed on the group but established by it.

The fact that one can also learn from the way one’s colleagues work, also
stimulates creativity; new and more efficient solutions can thus stem from
teamwork.

3.1.2.3 Teamwork and the Individual

A team is composed of individuals having a common overall objective. In order to
form a proper team and do good teamwork, each individual must also consider
him/herself as a team member and adopt teamwork attitudes. This requires
some openness towards the others and might ‘cost’; yet it is worth trying to be
part of the team as teamwork also contributes to individual development.

Teamwork Attitudes

The will to co-operate with the other links of the chain is fundamental for good
teamwork in ATS. The first step is therefore to join the team on a voluntary basis.
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In an operational environment, one might face situations where individual and
team priorities are in conflict. The team member must then be able to establish a
relevant balance between individual and team interests.

The notion of feedback is also crucial for the cohesion of the team (and
contributes to individual development). Capacity to receive and provide both
positive and negative feedback is required from a good team member.

As each individual has his own characteristics, it is not always possible to ask
and expect the same performance from each team member. A good team worker
has the ability to accept human limitations, emphasising his strengths and
minimizing his weaknesses. Moreover, it is important to remember that the good
team member always looks for the best solution based on a positive-thinking
attitude.

Individual Development through Teamwork

Teamwork increases job satisfaction, motivation, self-confidence, knowledge of
other tasks, mutual understanding and respect. It also provides a common
reference for self-evaluation and consequently a better professional knowledge
and individual efficiency.

3.1.2.4 Teamwork and the Group

The WG found that teamwork stimulates group development by means of the
establishment of common values and norms, and a common understanding of
the approach to objectives. An appropriate leadership contributes to the ability of
the team to solve its conflicts. Feedback and training also contribute to group
development.

3.1.2.5 The Keyword: Sharing

Teamwork, and thus individual and group developments are achieved by sharing
common objectives, task responsibilities, stress and fun.

All this improves the situational awareness of both the group and the individuals.

3.1.3 Conclusions

The WG concluded that shared objectives, group and individual elements form a
team like different ingredients form a recipe.
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3.2 Teamwork in the Operational Environment

Facilitators: Cees Niesing and Michel Pistre
Rapporteur: Jörgen Jörgensen
Author of the Conclusions: Cees Niesing

3.2.1 Introduction

The main question to be answered in this WG was:

‘What do we have to do to improve teamwork in the operational
environment?’

The group felt that the main clusters of ideas properly addressing the question
should aim at:

− defining the team roles,
− improving mutual understanding,
− getting a change of attitude,
− establishing some team rules,
− improving communication.

3.2.2 Main Results

3.2.2.1 Defining the Team Roles

The group considered the wide variety of teams or team compositions possible
within the operational environment, e.g. controllers, pilots, engineering and
systems staff, and management.

It was stressed that one ATS unit, itself composed of various teams, could be
considered as one large team from micro (the single team) to macro (the totality
of teams) as it were. It is, however, of utmost importance that all team members
are completely aware of their roles within their team and the interactions they
have with other teams.

Defining a team is based on the goal to be achieved in a particular situation. This
can vary from minute to minute, from hour to hour, but it is important that one is
always a member of a TEAM.

The group considered that the roles within a team should be identified and
defined, as are the interactions with other teams. Furthermore, every person
should be aware of each team member role, as well as have a good knowledge
of the procedures directing or steering this role.
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3.2.2.2 Improving Mutual Understanding

The group considered that, once the team roles were properly established, the
improvement of mutual understanding and maintaining them would be of
paramount importance. This could be achieved by:

•  Using simulators to train controllers in more than one area, e.g. APP/ACC,
or at least give them an idea, with some practical exercises, of what
another team is doing, thus improving the interaction between both.

•  Using realistic scenarios, including teamwork models.

•  Exchanging roles between partners.

•  Exchanging knowledge about other groups, in that way building up the
greater team.

•  Visiting other units regularly.

Visits to other units should preferably be of a duration of not less than one
complete working day and include the possibility of social activities.

•  Having regular familiarization flights.

•  ‘Twinning’ pilots and controllers.

Towns and villages in the various European countries are twinning with each
other, exchanging information on organisational and cultural issues and
organizing mutual visits from time to time. An idea for controllers and pilots?
If so, it should be made attractive for pilots to visit their ‘twins’ in the ATS
environment, as well as for ATM staff to visit pilots in their environment.

3.2.2.3 Getting a Change of Attitude

The group identified a need to develop and establish a feedback-culture by:

•  Reducing the fear-factor.

A climate should be created where it is not seen as a defeat to admit an error
and where it becomes normal to discuss the day-to-day errors made by
everybody in the daily working environment. This would identify weaknesses
in the work practice and/or procedures, and serve as a continuous feedback
to improve both, even in the early stages.

•  Developing error-analysis.

In line with the above remark, an error-analysis method should be developed
to which the whole team can contribute.

•  Having all team members participate in the investigation process.
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The group strongly felt that, if errors lead to incidents, all team members
should be involved in the investigation process. Although in a well-functioning
team an error or sequence of errors leading to an incident is felt as a team
responsibility, the question of personal accountability must also be
addressed.

•  Identification of situations where teamwork succeeded or failed.

This identification could be used for motivation and course material.

•  Training individuals to accept and give criticism.

An open communication between the team members themselves and to
others beyond the team should improve their awareness of the daily
workload while maintaining a safe and efficient performance.

In doing so, the ‘John Wayne Attitude’ could be changed. The change of attitude
is one of the most important elements in accepting this new way of co-operating;
working in teams with a common responsibility, even though the team
composition may vary.

3.2.2.4 Establishing some Team Rules

There must be a balance between team, individual, machine and procedure.

Therefore models should be developed to create team rules which keep the
balance as mentioned before by:

•  Making use of the ATCO-mental model.

Use the mental process whereby controllers recognize, analyse and evaluate
information about themselves, the traffic, the procedures and the operational
environment to arrive at the intended models.

•  Practising teamwork, where the flexibility of equipment and procedures
makes it possible.

In this context, a good knowledge of the procedures must be reiterated. In
daily practice controllers will create deviations from the procedures to
improve the result of their work. These deviations should be communicated,
firstly to establish whether they are not too far away from the procedures,
and secondly to indicate that the procedures should perhaps be adapted.

•  Considering the partnership between the controller and the system.

The question was brought up as to how far the machine or the system could
be considered as a partner in the team. Overall it was felt that a machine is a
machine, and cannot be seen as an equal partner next to a human being.
Nevertheless, it was felt that, in view of emerging new technologies where
machines can semi-intelligently interact with people, this subject should be
re-addressed in the near future.
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•  Using the system to assist co-ordination only.

It was stressed that, however far functions are automated, e.g. the
automated co-ordination/handover to other sectors, the human must always
have the possibility to override the system and, as in this example, to perform
verbal co-ordination.

•  Allowing different styles of communication.

Different styles of communication can lead to the same results. It is therefore
not necessary to develop a ‘standard’ style. Allowing different styles implies
acceptance of different personal and cultural backgrounds. Awareness of
what in the end the result should be is the important thing.

•  Thinking OPSroom with teamwork in mind.

The opinion of the group was that building or re-building OPSrooms should
be done in a manner such that teamwork is made possible as a primary
function.

Once the models are developed, explain these models by:

•  Making controllers understand the system and relations between them.

Awareness of where you stand yourself gives you a better understanding
towards other teams/environments.

•  Informing others about different tasks.

•  Knowing the dynamic of the whole system.

•  Analysing the relationship between the team quality and its performance.

It should be established what ‘quality’ is in this respect, and clear indicators
should be mutually agreed for proper monitoring.

•  Emphasising awareness of the consequences of the actions taken.

Once everybody is involved in the rule-making process, commitment is
enhanced, creating a common motivation for each team member.

A clear commitment between managers and staff should be the result.

3.2.2.5 Improving Communication

Communication can be divided into two areas:

•  Interpersonal communication:

− assertiveness,
− social events,
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− solving problems between generations.

•  Operational communication:

− standard phraseology,
− de-briefing,
− common vision on performance,
− awareness of individual differences.

As communication takes place in every interaction between human beings,
communication skills are most valuable. It must therefore be learned in a most
progressive way. It should be emphasized that ‘standard phraseology’ must be
used in air/ground and ground/ground communication.

Overall the group considered it important that management should take the lead
in improving communication with the ‘workers’.

3.2.3 Conclusions

Noting the importance of the above and seeing that the process of improvement
will be continuous, management should support training with time, money and
involvement.

It was considered worthwhile to emphasize special training for:

•  Developing communication skills;

•  Stress management within a team;

•  A training curriculum for ATCOs in which potential skills can be identified
for future positions like training officers, supervisors, team leaders.

The main benefit of pursuing the teamwork model is to improve the safety and
the efficiency of the service provided by coping with the individual differences at
team level.

Although not mentioned during the workshop, by developing, defining, describing
and establishing the above-mentioned model, a context is created in which it
becomes easier to adhere to a standard like the ISO 9000 standard, thus also
serving the customer interests!



Teamwork in Air Traffic Services HUM.ET1.ST13.000-REP-02

Edition : 1.0 Released Issue Page 59

3.3 Teamwork and Selection

Facilitators: Björn Backman and Zvi Golany
Rapporteur: Carl Dean
Authors of the Conclusions: Björn Backman and Zvi Golany

3.3.1 Introduction

The objectives of this WG were to promote awareness and understanding of the
role of teamwork in selection issues.

The main question to be answered in this WG was: What are the teamwork
issues to be considered in selection?

3.3.2 Main Results

After an initial discussion on different topics, such as whether selection is an
instrument to create teamwork or working teams and what kind of different teams
should be considered (e.g. pilot-controller, controller-controller), the WG decided
to focus on teamwork in the context of ab initio screening.

The question of whether teamwork assessment should exist was by and large
answered positively. The question asked how much weight teamwork ability
should be given in comparison to other ability assessments. Experienced
selectors among the WG could not recall a single case where a candidate was
rejected mainly on the basis of insufficient teamwork skills. The WG then broadly
discussed how ab initio candidates should be screened for teamwork. There was
a general consensus that selection of ab initio trainee controllers should include
ability tests, personality evaluation, team skills evaluation and background
evaluation (e.g. previous experience).

The WG identified some team skills such as listening, acceptance of group
goals, speaking one’s mind, communicating in a clear and structured manner,
accepting and following rules and/or instructions, giving and accepting
assistance not as a sign of weakness but as a normal reaction to overload in air
traffic, and last but not least behaviour flexibility.

The WG discussed some selection tools available worldwide for ab initio trainee
controllers for teamwork or interaction with team members. Some definitions
used in aviation psychology to describe anti-social behaviour were also
mentioned in this context. The possibility of using ATC behavioural scales to
assess ‘wrong’ or ‘good’ teamwork behaviour was discussed. The situational
interview technique and the possibility to assess social attitudes were also
discussed.

Traditional exercises to assess social behaviour included in assessment centres
were addressed. In this context, the WG decided to do a short exercise itself
assessing teamwork such as one which may be found in an assessment centre.
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Two groups of individuals of different cultural backgrounds and professions
actively worked together as teams producing a number of greetings cards, while
being observed on teamwork scales. The WG compared the team skills
assessed in the exercise with the team skills required in actual ATC situations
and concluded that other specific teamwork exercises and assessment scales
needed to be developed for the selection of ab initio trainee controllers.

Some lengthy discussion was devoted to the question as to who should assess
teamwork. Should it be only psychologists, or only controllers, or a joint team of
controllers and psychologists? There was no clear meeting of minds in this
respect. No agreed consensus has yet emerged, nor is ever likely to.

Other important questions, which, due to lack of time, were left open, included: Is
teamwork a skill or an ability? How can the reliability of teamwork assessment be
increased? Does an assessment centre pay? Some clear differences between a
European and an American point of view on this issue were identified.

3.3.3 Conclusions and Recommendations

The WG concluded that there is too little knowledge on teamwork assessment
available at present. The key message was that combined efforts are needed to
reinforce research and development of team skill assessment, while taking into
account different cultural requirements.

Teamwork was regarded as the glue that holds us together (this was the chosen
slogan). Anyone who claims to understand this glue thoroughly cannot be in
possession of all the facts - as Winston Churchill said of another matter.

Figure 6: Team-related factors to be considered in selection
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3.4 Teamwork and Accident/Incident Investigation

Facilitators: Manfred Barbarino and Dominique Van Damme
Rapporteur: Kathia Defrancq
Authors of the Conclusions: Manfred Barbarino and Dominique Van Damme

3.4.1 Introduction

The objective of this WG was to identify teamwork aspects that can play a role in
the occurrence of accidents and incidents and the way to investigate these
aspects.

The question which served as a basis for the discussion was: ‘Which aspects do
we have to consider for the investigation of teamwork-related failures in A/I?’.

3.4.2 Main Results

The following main areas were identified at the end of the working session:

− definitions,
− investigation methods,
− investigation content,
− investigation results.

3.4.2.1 Definitions

In order to define the scope of teamwork-related aspects and the way we can
investigate them, it is necessary to find a common agreement on the terms
themselves and to give a clear answer to set questions, for example:

•  Concerning the term ‘teamwork’ :

What do we mean by teamwork? Who is part of the team? Is ATC teamwork
or is it done by well supported individuals? Is management part of the ATC
team?

•  Concerning the term ‘incident’:

To what kind of incident should we extend the investigation? Is an error
without consequences considered as an incident? Do we have to consider
only effective consequences or should potential consequences of failures
also be considered in the decision to investigate?



HUM.ET1.ST13.000-REP-02 Teamwork in Air Traffic Services

Page 62 Released Issue Edition : 1.0

3.4.2.2 Investigation Methods

Prerequisite Conditions and Philosophy

A few ideas were expressed about the prerequisite conditions and the philosophy
that should support the investigation process:

•  The intention of the investigation should be established and be clear to
everybody;

•  The investigator must have a good understanding of ATC operations;

•  He should also have a sufficient knowledge about HFs in ATC and have a
formal training to enable him to investigate these aspects.

An important question was raised about the way to report an incident should it be
done anonymously or confidentially. In encouraging incident reporting,
anonymous reporting seems to be very effective while, for the interest and the
ease of the investigation, confidentiality seems more suitable. It allows the
investigator to make contact with the reporter in order to clarify any points and to
go deeper into the investigation.

3.4.2.3 Data Sources

In order to investigate an incident, a set of information is usually available or
needs to be collected. This includes:

− recordings: radar screen, Radio/Telephony (R/T),
− interviews of the controllers in all the units involved,
− personal data (e.g. experience),
− opinions from peers.

The collection and analysis of the facts should be oriented towards the
understanding of what happened, in what context and why it happened.

3.4.2.4 Investigation Content

Teamwork is only one of several HFs areas which needs to be fully integrated in
the overall investigation.

The WG identified the detailed list of categories presented below. A list of
questions that can be used by the investigators is attached at the end of this
chapter.

The investigation can focus on:

•  Team characteristics;
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•  Team organisation;

•  Team relationship;

•  Training level of the team as a whole and the team members as
individuals;

•  Communication.

3.4.2.5 Investigation Results and Feedback

The results of the investigation should be issued in a report describing the
relevant facts that led to the incident and suggesting recommendations in order
to avoid similar occurrences.

Feedback should be provided to those who were involved in the incident but also
to people who were not involved and who can learn from the incident.

3.4.3 Conclusions

There is room within the investigation of accidents and incidents for a better
understanding of what has happened in relation to teamwork aspects.

The difficulties experienced in investigating them stem from the data collection
because teamwork aspects can cloud some of the facts and there are no tools
that can record the informal aspects. Nevertheless, giving particular attention to
them by interviewing people can help to identify teamwork-related facts that
could have led to an incident. The attached list of questions could be used.

The group agreed that some questions remained open:

•  What is an incident? And what should not be considered as such?
•  Which type of incident should be investigated?
•  How can team roles and responsibilities be better defined?
•  What is the right level of confidentiality in the incident reporting system?

The group also agreed on the following recommendations:

•  Introduce briefings within ATC operations: The introduction of briefings in
ATC was suggested because it can help to build the team spirit at the
beginning of every shift.

•  Establish a reporting system which issues recommendations: The
investigation of incidents is most useful if the reports contain
recommendations for avoiding similar occurrences.

•  Install a HFs training programme for investigators: From the participants’
point of view, investigators, who generally have good expertise in A/I
investigation and in ATC, could improve the investigation of teamwork
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aspects by being more aware of the HFs that can play a role in the
occurrence of an incident . This could be achieved by training them on HFs
in A/I investigation.

•  Provide the means to reach a better understanding between pilots and
ATCOs about each other’s job: A better understanding of the specific
objectives and constraints of each other’s job appeared to be a first step in
improving the relationship between pilots and ATCOs, and, in the same
way, improving teamwork spirit and safety.

LIST OF QUESTIONS FOR THE INVESTIGATION OF TEAMWORK-RELATED
ASPECTS

The following list of questions was issued at the end of the WG. As it could be
useful for those who have to investigate teamwork-related aspects, the entire list
is reproduced here.

Team Characteristics

•  How long has this team been working together?

•  Has this team been involved in A/I before?

•  Do they feel, think and behave as a team?

•  Do they blame one team member for the incident?

•  Could the same have happened with another team?

•  Has each team its own characteristics?

•  How was the balance between risk, safety and job satisfaction?

•  How was the team balance broken?

•  Why did it happen?

Team Roles and Organisation

•  Are the task, role and responsibility of each team member clearly defined?

•  Is every team member aware of his or her role in the team?

•  Is there a team leader?

•  Is he a formal or informal team leader?

•  What is his role?
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•  Was all information available and obtainable by the controller?

•  Where was the error/failure?

•  Who should/could have noticed the error(s)?

•  What would have been the right way to act?

•  Was the team size appropriate for the task?

•  What was the workload and task demand at the time of incident, and just
before?

•  Was any particular team member overloaded?

Team Relationship

•  Did the team members get on?

•  Was there any conflict of personality?

•  Did the team leader ask for input from the others?

•  Was there a chance to challenge the decisions?

•  What was the relationship between the various teams involved?

Training Level of the Team and Team Members

•  Have the team members an adequate skill level and experience?

•  Have the team members proper qualifications?

•  Was TRM or team building training provided and accepted by the team
members?

•  Did each team member have a good knowledge and the same
understanding of the procedures?

Communication

•  How was the communication (style and content) and co-ordination amongst
the team members?

•  Was there any chance to talk about conflicts?

•  Was there a breakdown in the tacit understanding?
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•  Were the controller and pilot communicating with and understanding each
other properly?
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3.5 Teamwork and Training

Facilitators: Eoin Mc Inerney and Hermann Rathje
Rapporteur: Ulf Harborg
Author of the Conclusions: Hermann Rathje

3.5.1 Introduction

The objectives of this WG were to study how teamwork should be trained and
how it could be integrated within the whole training plan. The question to answer
was: ‘How can we foster teamwork in training?’

3.5.2 Main Results

3.5.2.1 How Can We Foster Teamwork in Training?

The group was well aware of the fact that fostering teamwork in the training
environment requires:

− clear goals/aims to be achieved in training,
− teamwork-related knowledge, skills and attitudes to be changed,
− specific methods and tools to be developed and applied,
− evaluation exercises to be conducted and experience to be fed back.

In addition, one of the tasks is to get convincing messages across in the
organisation as a whole and in particular to management in order to obtain full
support and exercise optimal impact. These relationships are visualised in the
figure below.

EVALUATION

Methods
Tools

Organisation
CULTURE CULTURE

GOALS/AIMS

Knowledge
Skills

Attitudes

Figure 7: Fostering Teamwork in Training
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Aim

Teamwork in training needs a common aim: teamwork is about communication,
decision-making, co-operation, tolerance for others as being different people,
and respect for them and their contribution to the work.

Training must relate to organisational aims and the existing needs.

Three Key Messages

The group felt strongly about three key messages that were formulated towards
the end of the discussions but which could lead into the issue in a more focused
way:

1. In order to promote teamwork in training we need to address the
knowledge, skills and attitudes of people in three areas:

− personal and group behaviour,
− interpersonal relationships,
− communication,

with clear aims of what should be promoted.

2. Management needs to lead and drive the initiatives pro-actively.

3. In training people in teamwork we need to use the appropriate methods
and tools:

− active rather than passive training,
− practical exercises,
− closed loop instruction.

These issues were discussed in more detail. The important points are given in
the following sub-chapters.

3.5.2.2 Behaviour for Promoting Teamwork

Personal Behaviour: Responsibility

The aim of teamwork training is not to ‘do away’ with personal responsibility but
to strengthen it. Professionals in ATS should act professionally by following valid
rules and methods, and demonstrate the sense of responsibility which is
connected to the profession.

Members of a team should take up this personal responsibility. However, it is
necessary for them to realise that they are part of a team working towards a
common goal. Teamwork thus becomes a duty.

This has a direct impact on day-to-day teamwork: it helps to develop the ability to
understand other people’s situations better and to show respect for the job
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others are doing. Increased (self-)perception helps to detect errors earlier (cross-
checking) and to correct them. The ability to admit errors and to change
(erroneous) decisions is an important aim in teamwork training, especially in
ATS.

Personal Behaviour: Role Awareness

‘Good’ team players pay attention to the personal steering mechanisms of
behaviour.

One of the key questions in this respect is to ask: How do I perceive myself and
how do others perceive me in my role in the team? This will help first to know
oneself and to understand that this perception is individual. Second, it evokes
sensitivity to the differences between people which need to be understood in
order to act as a ‘good’ team player. To consider perceptions from others can be
surprising but it is a necessary step towards common understanding.

Part of this understanding is to be aware of the role of others and role conflicts.

Group Behaviour: Leadership/Management

Teamwork training should embrace managers, supervisors and other leaders at
all levels of responsibility to ensure that the enthusiasm for teamwork comes
from the top. Management should be ‘seen’ to support this programme and
should show interest in TRM, for example.

The leadership style which is most effective in this respect is ‘leading by
example’; managers should act as role models open to changes in an open
culture.

Group Behaviour: Communication

‘Communication’ is one key concept in teamwork training and practice. The open
style communication should be promoted. Even more important than talking is
active listening.

The sharing of knowledge is essential in ATS. There is no room for holding back
important knowledge for one’s own benefit and letting others make mistakes. In
fact, good teamwork can suppress errors before they appear.

Another important feature in communication is feedback, both positive and
negative. Positive feedback is rare. To give feedback means to communicate
one’s own objectives, share information and give one’s own perceptions. It is not
personal criticism.

Good feedback should be behaviour-oriented.
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Group Behaviour: Interpersonal Skills

The interpersonal (team-oriented) skills to be strengthened and/or developed
are: to support others, to respect their roles and to tolerate differences. In order
to co-operate with others efficiently, the ‘us and them’ attitude needs to be
broken down. Again, the focus should be given to the positive outcome of good
co-operation, not only to A/I happening or to errors made.

There will always be some conflicts in teams. Teamwork training should provide
a means of handling conflict and stress, and correcting conflictual behaviour.
One of the issues in TRM should concentrate on how to reduce problems or
conflicts between colleagues.

3.5.2.3 Training for Teamwork

Instructors

Instructors for teamwork training should be selected for this work. The profile of
instructors who could act as good role models is important.

Teamwork training instructors need to be trained. Teamwork training should be
given by experienced people who have the right knowledge, skills and abilities.

Training Design

Teamwork training is active training and active learning - not only talking about
teamwork. Using practical exercises (e.g. team building, role-play) is strongly
recommended. Events like workshops and seminars help to promote ideas on
teamwork training and give a higher profile to the issue.

The training design should ensure that skills are provided which can be used in a
multitude of different situations, and in different teams.

Training designers need to be aware of different learning- and problem-solving
styles of trainees. This and the design of teamwork training for different levels
(e.g. ab initio, managers) will almost certainly lead to different approaches in the
training to be adopted.

Evaluation

As with any other training, teamwork training needs to be followed up and
evaluated, and validation studies should be carried out.

3.5.3 Conclusions

The final message of the WG stressed the importance on putting into practice
the considerations previously stated.
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Management, supervisors and more senior controllers, coaches and instructors
need to act as role models to keep teamwork alive in practice.
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3.6 Teamwork and the Design of Air Traffic Systems

Facilitators: Alistair Jackson and Johan Kjær-Hansen
Rapporteur: Peter Goillau
Author of the Conclusions: Johan Kjær-Hansen

3.6.1 Introduction

This WG explored a substantial and wide range of teamwork concepts related to
the design of air traffic systems. The WG was professionally well-balanced and
in a good position to approach the subject with five participants from an
operational background, four participants involved with software engineering and
six HFs experts.

The WG addressed the topic through a number of group sessions to cover the
concepts associated with teamwork and the design of air traffic systems, the
requirements and guidelines to follow when designing for teamwork, and the
recommendations for further research in the domain.

3.6.2 Main Results

3.6.2.1 Teamwork Elements

The WG identified significant elements of teamwork covering:

•  Teamwork stakeholders: such as air, ground and others (managers,
Operators (OPRs), scientists).

•  Co-ordination: Pilots - ATCOs, Executive Controller - Planning Controller,
Executive Controller - Pilot, Planning Controller - Pilot, civil - military.

•  Personal contact: including aspects such as culture, language and
background. The availability of a common vision (picture) and the
understanding of objectives.

•  Communications medium and bandwidth: including the non-verbal and
emotional content.

•  Teamwork commitment: providing the proper leadership style and
recognising teamwork aspects.

•  Visibility of task allocation: distributed system architecture supporting a
balanced workload, skills requirement and responsibility.

•  Team interaction: using colleagues as a safety net to maintain situational
awareness and keep the picture.
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•  Teamwork analysis and design: a good representation of teamwork
(preferably graphical), modelling information organisation and display.

•  Supportive measures: such as handover procedures, teamwork education,
and training providing the proper internal team qualifications.

3.6.2.2 Teamwork in Design vs. Designing for Teamwork

An important distinction between teamwork in design and designing for teamwork
was made. The former related to aspects concerning the team that produce the
design, while the latter was concerned with the factors which would support and
even promote teamwork in a particular design. Due to the limited time available
for the WG, it was decided to concentrate on the design for teamwork, which is
approached in the following sections.

3.6.2.3 Designing for Teamwork

The WG identified some significant factors in the design life-cycle, such as:

•  The assumptions held about the design cycle;

•  The prerequisites for performing a human-centred design;

•  The concepts on which to base the design;

•  The system properties perceived as essential for the support of teamwork
aspects;

•  The practice to employ in the design for teamwork in ATS;

•  The evaluation and validation of teamwork aspects of ATS.

The individual factors or design phases are elaborated in the following
subsections.

Assumptions

As the design of new work systems always has the danger of ‘re-inventing the
wheel’, the WG advised learning from history, either from the history of ATS
design itself or from experiences gained in design for teamwork in other areas.
One research domain, Computer Supported Computer Work (CSCW), was
identified as contributing some insight into teamwork design and groupware.

Techniques should be employed for establishing a good knowledge of the work
processes, such as detailed task analysis and the study of existing procedures.
Other techniques might help in changing the boundaries between humans and
technologies. A global approach should be applied in order to avoid sub-
optimisation of the system.



HUM.ET1.ST13.000-REP-02 Teamwork in Air Traffic Services

Page 74 Released Issue Edition : 1.0

Prerequisites

An important prerequisite for teamwork was considered to be the organisational
learning process employed in the adoption of the concept and the prevailing
‘social culture’ established. An important part of the learning process was to
establish a common understanding of the concept and what it means in an
operational context. The potential negative reception of changes in the
organisation should be minimized through preliminary agreements within the
team, and through teamwork education and other measures for increasing the
staff’s qualifications.

Concept

The importance of the teamwork concept was stressed. This concept may have
several interpretations whether it is addressed in an operational context or in a
transition phase. An understanding and definition of the ‘path of concepts’ should
form a basis for the design process.

The change process should identify the focal points for design and
implementation and address the functionality of new technologies (such as
increased automation assistance) or new working methods.

System Properties

A number of system properties were highlighted as essential for supporting
teamwork, such as flexibility, transparency and consistency. The system should
maximize the quality of the communication and richness (termed ‘bandwidth’).

The status of the system should be visible and transparent in terms of control
structure and work processes. The functions of the system should be properly
distributed and interfaces intuitive.

Design Practice

The suggestions for design practices to employ in the support of teamwork were
many:

•  To apply a goal-oriented approach, and choose of a good design method
for teamwork and user-centred design;

•  The notion of participatory design should be introduced through timely
involvement of all interested parties in the system;

•  To apply a multi-disciplinary design approach with design teams mixing
technological background, operational background and HFs specialists;

•  To design systems with a flexible allocation of tasks between humans and
machines. Special attention should be provided to Human-Computer
Interaction (HCI);
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•  The choice of technology and control strategy should be appropriate. The
control strategies could range from manual control, ‘hero’ tools (see all,
know all), computer-supported co-operative work/groupware tools or full
automation;

•  Openness in the design process was highlighted as being very important
as well as honesty over problems during design, as this saves time later.
The process should provide feedback to all involved parties, and should
define goals, intentions and roles;

•  To have a good understanding of what the ‘system’ looks like and of the
influences on the system, (ground, civil-military air components, computer
hardware, software, single persons, team of people, procedures,
organisation, etc.).

Evaluation and Validation

The first question to approach when addressing system evaluation and validation
is how to ‘measure’ teamwork. Although no satisfactory solution was identified, it
was agreed that the deployment of technology should be done in close
collaboration with the team, which has to work with it. The evaluation of
teamwork design should be iterative, and modifications should be made with the
involvement of the whole team.

Some important terms are:

1. Verification (building the system right).
2. Validation (building the right system - ask the team members, users).
3. Evaluation (is the teamwork design any good?).

3.6.2.4 Some Research & Development Activities and Recommendations

The WG sessions revealed some of the complexity of this area. While
acknowledging the complexity, the WG participants suggested the following
actions to be taken and recommendations for further study:

1. Investigate the legal responsibility in teamwork.

2. Establish the limitations of technology to support teamwork.

3. To establish the kind of outcome required (theory, Research &
Development (R&D) agenda or practical recommendations).

4. How to assess the risk and value of teamwork solutions?

5. How to ensure design for teamwork supports ‘fail-soft’ (‘graceful
degradation’)?

6. Investigate the effectiveness of substitutes for interpersonal
communications in human-centred ATS.
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7. Explore alternative team structures for next generation ATM system
concepts.

8. To develop a coherent R&D programme to support inter-operability and
meet the increased demand for teamwork in 2000+.

9. To identify which existing tools and techniques could support R&D in
team concepts.

10. To encourage interdisciplinary exchanges.

11. To make surveys in other applications and industries for candidate
teamwork models/concepts.

12. To investigate the implications of the recent European Union (EU)
pronouncements on teamwork concepts.

13. To survey the effectiveness of existing teamwork research.

14. To research the added value of teamwork, and look at implications for
future concepts programmes, such as Future Air Navigation Systems
(FANS) and EATMS, and to develop techniques, practices and systems
exploiting teamwork.

3.6.3 Conclusions

The findings of the WG may be summarised as follows:

•  The need to address planning for teamwork, whether it is the present
operational architecture or the (short-/medium-/long-term) future systems;

•  The design life-cycle was described from ‘assumptions’ to evaluation;

•  The importance of flexible, multi-disciplinary teamwork within the
development process and flexible methods was underlined;

•  A listing of desirable system properties, assumptions, prerequisites,
especially co-ordination and communication.

Although the WG revealed some significant aspects of design for teamwork, the
complexity of the subject was fully acknowledged. It was agreed that further work
in this area is needed.
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ABBREVIATIONS AND ACRONYMS

For the purposes of this document the following abbreviations and acronyms
shall apply:

a/c Aircraft

ACC Area Control Centre

AENA Aeropuertos españoles y Navegación aérea

A/I Accident(s)/Incident(s)

ANA Aeroportos e Navegaçao Aérea

ANS Air Navigation Services

APP Approach Control Office

ATC Air Traffic Control

ATCO Air Traffic Control Officer/Air Traffic Controller

ATM Air Traffic Management

ATS Air Traffic Services

ATSA Air Traffic Services Authority

CAA Civil Aviation Administration/Authority

CEU Central Executive Unit

CENA Centre d'études de la Navigation aérienne (F)

CFIT Controlled Flight Into Terrain

CFMU Central Flow Management Unit

CNS Communications, Navigation and Surveillance

CRM Cockpit/Crew Resource Management

CRNA Centre régional de la navigation aérienne

CSCW Computer-Supported Computer Work

DAC Direction Aviation Civile

DED Directorate EATCHIP Development
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DEI Directorate EATCHIP Implementation

DEL Deliverable

DFS Deutsche Flugsicherung

DLR Deutsche Forschungsanstalt für Luft- und Raumfahrt

EATCHIP European Air Traffic Control Harmonisation and Integration
Programme

EATMS European Air Traffic Management System

ECAC European Civil Aviation Conference

EEC EUROCONTROL Experimental Centre

ENAV Ente Nazionale di Assistenza al Volo

ET Executive Task

EU European Union

EWP EATCHIP Work Programme

FAA Federal Aviation Administration

FANS Future Air Navigation Systems

FL Flight Level

HCI Human Computer Interaction

HFs Human Factors

HMI Human-Machine Interaction

HRI Human Resources International (Ltd.)

HR(T) Human Resources (Team)

HUM Human Resources Domain

IANS Institute of Air Navigation Services

IATA International Air Transport Association

ICAO International Civil Aviation Organisation

IFATCA International Federation of Air Traffic Controllers'
Associations
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JAA Joint Aviation Authorities

JAR-OPS Joint Airworthiness Requirements Operations

LOFT Line-Orientated Flight Training

NASA National Aeronautics and Space Administration (USA)

NATS National Air Traffic Services (UK)

NTSB National Transportation Safety Board (USA)

OJT On-the-Job Training

OPR Operator

OPSroom Operations room

PTRMC Prototype Team Resource Management Courseware

REP Report

R&D Research & Development

R/T Radio/Telephony

SOPs Standard Operational Procedures

ST Specialist Task

TRM Team Resource Management

TWR (Aerodrome Control) Tower

WG Working Group
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