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PROCEEDINGS OF THE SECOND ICAO FLIGHT SAFETY
AND HUMAN FACTORS GLOBAL SYMPOSIUM

Washington D.C., 12 to 15 April 1993
'ORGANIZATION OF THE SYMPOSIUM

The Second ICAO Flight Safety and Human Factors Global Symposium was organized by
ICAO and was held at the Omni Shoreham Hotel, Washington D.C., from 12 to 15 April 1993, at the
kind invitation of the United States Government. It was attended by 325 participants from 42 States
and 6 International Organizations.

The Opening Session was hosted by Mr. Garland P. Castleberry, Associate Administrator for
Aviation Standards, Federal Aviation Administration. Mr. Joseph Del Balzo, Acting Administrator of
the Federal Aviation Administration; Dr. Philippe Rochat, Secretary General of ICAO; the Honourable
James L. Oberstar, Chairman, House Subcommittee on Aviation, U.S. House of Representatives and
Dr. William R. Fromme, Director, Air Navigation Bureau, ICAO addressed the delegates. Mr. R.D.
Cook, Member of the ICAO Air Navigation Commission read a message from the President of the Air
Navigation Commission.

The opening keynote address was presented by Dr. H. Clay Foushee, Managing Director,
Flight Procedures Training and Standards, Northwest Airlines and the wrap-up keynote address was
presented by Mr. Jean Paries, Deputy Chief of the Accident Investigation Office (Bureau Enquetes
Accidents), France. '

The symposium was organized as one body with panel presentation and individual papers.
The theme of the symposium was "Human Factors Training for Operational Personnel".
Presentations were grouped into sub-themes and panels were established to cover the various
presentations. : -

The following sub-themes, divided into morning and afternoon panel sessions were covered:

1: DEVELOPING HUMAN FACTORS KNOWLEDGE
Chairperson:
Morning Session - Capt. Neil Johnston (Ireland)

Afternoon Session -  Prof. Graham J.F. Hunt (New Zealand)

2: DEVELOPING HUMAN FACTORS SKILLS
Chairperson: , :
Morning Session - Dr. Nikolai Stolyarov (Russian Federation)

Afternoon Session -  Mr. James P. Stewart (Canada)

1
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3: HUMAN FACTORS TRAINING FOR AUTOMATION
Chairperson: o
Morning Session - Prof. Earl L.. Wiener (USA)

Afternoon Session -  Dr. William B. Shepherd (USA)

The officers of the Symposium were:

ICAO

Dr. William R.Fromme
Mr. Paul Lamy

Capt. Daniel Maurino

Capt. Haile Belai
Mr. Herve Touron
Mrs. Algjandra Bertorini

Ms. Fil Paglia

UNITED STATES

- Mr. Garland P. Castleberry

Dr. William B. Shepherd

Ms. Jean Watson -

Dr. James F. Parker
Ms. Diane Christensen
Ms. Suzanne Morgan

The working languages of the Symposium were English, French, Russian and Spanish.

Director, Air Navigation Bureau
Chief, Personnel Licensing and
Training Section

Technical Officer, Personnel
Licensing and Training Section,
Secretary of the ICAO Human
Factors Study Group

Technical Officer, Personnel
Licensing and Training Section
Associate Expert, Personnel
Licensing and Training section
Chief Interpreter,

Interpreter, Interpretation Section
Secretary, Personnel Licensing
and Training Section

Associate Administrator for
Aviation Standards, Federal
Aviation Administration
Manager, Biomedical and
Behavioural Sciences Branch,
Office of Aviation Medicine,
Federal Aviation Administration
Biomedical and Behavioural
Sciences Branch, Federal
Aviation Administration
BioTechnology Inc.
BioTechnology Inc.

Galaxy Scientific Corporation
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OBJECTIVES OF THE SYMPOSIUM

The Second Global Symposium was part of the ten-year ICAO Flight Safety and Human
Factors plan of action approved by the ICAO Air Navigation Commission and endorsed by the ICAO
Council. It follows the ICAO Flight Safety and Human Factors Seminar held in Leningrad, Union of
Soviet Socialist Republics, 3 to 7 April 1990.

The theme of the Symposium was "Human Factors Training for Operational Personnel".
The great importance that ICAO places on Human Factors training for operational personnel is
reflected in Assembly Resolution A26-9: "...human factors’ programmes...should be put to practical
use, with the view to raising the safety level of air transport..." Given this importance, it was
considered essential that as many as possible attend the Symposium in Washington, so they could
benefit from the presentations and discussions presented by the world’s foremost experts in Human
Factors. The Symposium was not only limited to officials from States but also included
representatives from airlines, manufacturers, concerned international organizations and academic
institutions.

The objective of the Symposium was "to improve safety in aviation by making States more
aware of and responsive to the importance of Human Factors in civil aviation through the provision of
practical Human Factors materials and measures developed on the basis of experience within States”.
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OPENING ADDRESSES

Address by the Secretary General of the
International Civil Aviation Organization (ICAO),
Dr. Philippe Rochat, to the Opening Session of the

Second Flight Safety and Human Factors Global Symposium

Washington, D.C., United States,
12 - 15 April 1993

In an address to the opening session of the Human Factors seminar in what is today
Saint Petersburg, on 3 April 1990, the President of the Council of ICAO suggested to an audience of
more than 300 experts from all over the world that, after fifty years of working on the hardware and
achieving admirable levels of reliability, it was time for the aviation industry to start focusing upon its
people. Three years after his suggestion, I am pleased at the response of the international aviation
community.

As aviation moves towards the 21st century, our industry is facing unprecedented
challenges. The Council of ICAO took up action in this regard in early 1990, and developed a global
strategy of implementation priorities for the economic, technical and legal fields for the present
decade. ICAQO’s Strategic Action Plan, as endorsed by our 174 Contracting States -- now 177 -- at our
- last Assembly six months ago, classifies identified challenges for international civil aviation into three

types:

» Technological and/or technical, including CNS/ATM systems and alrport and
airspace congestion;

> Economic, legal and/or financial, which include commercial developments and
economic regulation as well as financial resources, and

» Human and/or social, including unlawful interference, environmental protection,
human resources and the subject of this symposium, flight safety and Human
Factors.

I have keenly followed recent developments in the field of aviation Human Factors.
Today, technology allows us to conduct controlled scientific studies of human performance in
operational contexts. As such, we are able to scientifically design relevant Human Factors training
programmes, included by ICAO as part of its operational personnel licensing syllabi as well as by
operators in their training programmes. ICAQ has initiated a sustained campaign to increase the
awareness of the pervasiveness of human error in aviation safety. We now have employment selection
criteria which can predict successful on-the-job performance. Technology gives us the "potential", by
way of highly automated equipment -- in the flight deck, in the air traffic control suite and in the
maintenance shop, -- to "engineer” or "design” human error out of aviation.
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As we all are aware, in spite of these commendable endeavours, statistics attribute
about 75 per cent of accidents to lapses in human performance, under the regrettably recurring label of
human error. I raise the question: is it possible by way of education, training and new technology to
improve these statistics? Arse we in the right track? The President of the Council of ICAO in opening
of the 29th Session of the ICAQ Assembly Iast October stated: "ICAQ attaches considerable
importance to Human Factors. While the safety record of civil aviation is highly commendable, the
fact remains that about 75 per cent of all aviation accidents are due to human error.” He further added
-- and in my own view this is the crux of the matter -- "New skills, new approaches, new commitments
are needed lo resolve this particular problem”.

I believe we are headed in the right direction. However, we will make tangible
progress only when we make the commitments and adopt the approaches the dynamic iniernational
civil aviation system demands.

Specifically, first we must recognize the challenge of increased technology and
automation, both in the interest of improved safety and efficiency. The interactions between people
and high-technology are not aiways predictable, with occasionally dire results. Traditional approaches
to personnel training and accident prevention must be reevaluated. Second, we must improve the
dialogue within the international civil aviation community, Today more than ever, designers,
regulators, trainers, safety investigators, researchers and operational personnel must maintain an open
and candid exchange. Each needs to know the solutions the others are exploring to improve aviation
safety. The best engineering solution may perhaps be in conflict with limitations inherent to humans,
The best training solution may not be applicable due to constraints inherent to design. Results of
research may not be relevant to the needs of an operational environment, Prevention lessons learned
through the investigation of accidents may perhaps prove difficult to translate into action unless these
are advanced in a meaningful context.

Finally, as it relates to aviation safety, we must think in collective rather than in
individual terms. We must think in terms of system error rather than individual human error. This is
nowhere more evident than in the implementation of the ICAO CNS/ATM systems. Observing a
systems approach to the design and implementation of these systems, we achieve --again potentially--
the synergistic combination of the best technology can produce and the best humans can perform. If
we do not, we may squander the significant system benefits. This must not be allowed to happen.

Attitudes towards Human Factors are changing. But change is sustainable only when
it starts at the top. Change, as well as resources and safety, must be managed. Those who can best
effect change are those who, by virtue of their positions, can make strategic decisions 10 change
direction and commit resources as necessary.

Of course, 10 implement management initiatives, those in charge of the practical,
hands-on implementation must possess the necessary skills to achieve it. New challenges require new
skills. New skills can be acquired through training, but if new training approaches are to be
developed, they must be preceded by a process of education of the strategic decision-makers in
aviation, Aviation managers must understand the concepts and challenges involved in these new
approaches to safety,
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One thing is clear, there is a disparate level of understanding about aviation Human
Factors in different regions of the world. We are trying to overcome this imbalance and this is the
thrust of the ICAO Flight Safety and Human Factors programme. This is an educational programme
directed to increase the awareness of middle and senior managers within the international aviation
community about the importance of Human Factors in civil aviation. This Symposium is but one
avenue to foster such education as the vehicle for change. Ideally, it will provide managers with the
tools to develop Human Factors training programmes, recognizing the needs and constraints of their
organizations. It will contribute to a more uniform level of understanding of the new challenges in
different regions of the world. Tt will help us place proper priority on the people who manage and
operate our international civil aviation system.

ICAO is also using its technical cooperation programme to provide assistance to
developing States in implementing Human Factors endeavours, mostly -- but not exclusively -- related
to training. The TRAINAIR programme which is a major initiative recently established by ICAO to
promote effectiveness of training within international civil aviation, is an additional asset which will
be used to pursue Human Factors training and education.

I extend my congratulations to the Government of the United States of America for -
their insight in sponsoring the event and for their generosity in its implementation.

I wish all of you a most productive week.

Thank you very much.
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Address by Mr. R.D. Cook, Member of the ICAO
Air Navigation Commission (USA) on behalf of the
President of the Commission, Mr. Matt Wilkes

Good afternoon distinguished Guests, Ladies and Gentlemen. I bring with me froin
Montreal, Canada a message from the President of the Air Navigation Commission. I would like now
. to deliver that message. '

Mr. Chairman,

Regrettably, I am unable to attend your Flight Safety and Human Factors Symposium,
On behalf of the Air Navigation Commission, I can assure you of the importance that the commission
considers this subject in today’s and the future aviation environment. In recognition of the importance
and interest in this subject, a number of members of the commission are in attendance.

The theme of the Symposium "HUMAN FACTORS TRAINING FOR
OPERATIONAL PERSONNEL" is considered most appropriate and recognizes the importance of
the role of the human and interrelated factors. A greater understanding and recognition of this subject
in today’s environment will facilitate the progressive implementation of evolving the technology in
‘tomorrow’s global operational environment.

I wish you a most productive Symposium and I am sure your discussions w111
contribute to the enhancement of safety of international civil aviation operations.

I would now also like to recognize my fellow commissioners who are in attendance
today. They are from the States of Switzerland, Canada and Norway. Collectively as a group
representing the Air Navigation Commission, we wish this meeting in meeting its goals and objectives
and look forward to receiving and reviewing the proceedings from this Symposium.

Thank You.
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Address by the Director of the Air Navigation Bureau,
International Civil Aviation Organization (ICAO), Dr. William R. Fromme,

" to the opening session of the
Second Flight Safety and Human Factors Global Sympoéium
Washington, D.C., United States, 12-15 April 1993
, I wish to join the Secretary General of ICAO in extending my appreciation to the
Administrator of the Federal Aviation Administration for the efforts made by his staff in preparation
for this joint ICAO - United States Flight Safety and Human Factors Global Symposium. I wish also
to extend my appreciation to the lecturers and chairpersons of the different panels for their very

significant contributions.

It is my pleasure to moderate your symposium. In anticipation to the opening of the
technical agenda, tomorrow, I will briefly summarize the ICAO Flight Safety and Human Factors

- . accomplishments for the first three years of our programme’s life, and share with you some thoughts

as to our future activities.
Keep in mind that the ICAO aviation Human Factors programme was established:

to improve safety in aviation by making States more aware of and
responsive to the importance of Human Factors in civil aviation through the
provision of practical Human Factors materials and measures developed on
the basis of experience within States.

To assist us in this effort, we established a group-of experts from the international
aviation community, a group with diverse but complementary credentials, professional interests and
_geographical representation. The ICAO Flight Safety and Human Factors Study Group has been
instrumental in supporting our Human Factors work. I would like to take this opportunity to express
my appreciation to those States and organizations supporting members of our Flight Safety and Human
Factors Study Group. '

What is ICAO doing about Human Factors?

In order to increase the awareness of the international community about the relevance
of Human Factors to aviation system safety, ICAO has prepared a series of reports.or digests which
focus on different aspects of aviation Human Factors, e.g. Fundamental Human Factors Concepts
(Digest No. 1); Flight Crew Training: Cockpit Resource Management (CRM) and Line-oriented Flight
Training (LOFT) (Digest No. 2); Training of Operational Personnel in Human Factors (Digest No.
3); Proceedings of the ICAO Human Factors Seminar (Leningrad) (Digest No. 4); Operational
Implications of Automation in Advanced Technology Flight Decks (Digest No. 5); Ergonomics (Digest
No. 6); Investigation of Human Factors in Accidents and Incidents (Digest No. 7); Human Factors in
Air Traffic Control (Digest No. 8) . These eight digests are available and you can browse through
them at the exhibition stand by the registration desk. The two last digests in the series, Human
Factors, Management and Organization and Human Factors in Maintenance and Inspection will be
completed during the present year and distributed during 1994. The Human Factors digests will then
be consolidated into a single, ICAO Aviation Human Factors manual.
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Seminar Programme

“Additionally, a series of regional seminars is underway to further the educational
objectives of the programme. Two regional seminars are conducted each year in our triennial
programme cycle. During the first three-year cycle, these seminars have addressed the same basic
Human Factors issues covered by the series of digests. At the end of each cycle, world-wide
symposiums, such as this one, are held. Recent progress in Human Factors is examined by experts
from the community and the plan of action for the following triennium is defined. The first world-
wide symposium was held in what is now St. Petersburg, from 3 to 7 April 1990. Two regional
seminars were held during 1991 and 1992. The first seminar in 1991 was held in Douala, sponsored
by Cameroon, and the second one in Bangkok. In 1992, regional seminars were held in Mexico City
and Cairo, this last one under the sponsorship of the Ministry of Transport and Tourism of Egypt.
The next regional seminar is planned for South America towards the end of this year, and two
seminars are planned for 1994, in Europe and Eastern Africa. The programme will-continue in 1995,
in the Asia Pacific region.

Tenth Air Navigation Conference

The Tenth Air Navigation Conference (Montreal, 5-20 September 1991) endorsed the
ICAO CNS/ATM systems as the standard for the next 25 years. One of the recommendations of the
Conference addressed the need to broaden the ICAO Flight Safety and Human Factors programme to
include specific CNS/ATM related Human Factors issues. We have done so. Five CNS/ATM
Human Factors aspects are now under review: flight deck/ATS integration; automation and advanced
technology in future ATS systems; human performance in future ATS; training, selection and
licensing of controllers, and safety monitoring of ATS activities.

Towards the end of this year, ICAO will produce its first guidance material on the
subject of flight deck and ATS integration. We have placed special emphasis on the unique
integration aspects of ATS and flight deck. The role of automation in future systems is also a matter
of priority, and guidance material on that issue will be available early next year. I have no doubts
that, when we next meet, in 1996, I will report to you on our significant accomplishments related to
Human Factors and CNS/ATM. 1 will submit to you now, in fact, for your consideration, a proposed
theme for the 1996 global Human Factors symposium: Human Factors issues in ﬁtture CNS/ATM
systems. Think about it.

Controlled Flight into Terrain

Finally, and perhaps most importantly, I am pleased to announce to you another
ICAO Human Factors initiative, one which will translate theory into the practical reality of aviation
safety improvements and, specifically, into further reductions in the rate of aircraft accidents. I refer
to our Controlled Flight Into Terrain (CFIT) programme. Statistics recently released suggest that
some 50 % of all aircraft accidents and incidents over the last 10 years are CFIT related.

The investigation of CFIT accidents has uncovered problems of human failures, and
deficiencies in equipment design, regulations, education and training. All of these deficiencies are
human factor problems and we should be able to do something about these problems. Indeed ICAO’s
Air Navigation Commission has agreed that in view of the critical flight safety aspects of CFIT,
urgent/high priority ICAO action was warranted. It is time to move from theory to practice with our

. Human Factors programme. We intend to apply what we’ve learned to the CFIT problem, with the
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goal to reduce the incidence of CFIT accident so far about human factors, world-wide. Time will tell
how successful we are.

I am certain that the discussions and conclusions of this symposium will provide both

t0 ICAO and yourselves with additional tools to pursue our Human Factors objectives. I anticipate a _

challenging and exciting symposium. I wish you all well in your endeavours and a most rewarding
week.

Thank you very much.
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THE HUMAN FACTORS REVOLUTION:
MEANINGFUL CHANGE OR TEMPORARY INFATUATION?

. KEYNOTE ADDRESS
Dr. H. Clayton Foushee, Jr.

ICAO Flight Safety and Human Factors Symposium
Washington D.C. 12 April 1993

Dr. H. Clayton Foushee is Managing Director of Flight Procedures, Training, and
Standards at Northwest Airlines. In this capacity, he is responsible for all flight training, safety, quality

assurance, and operating procedures at the airline. Before joining Northwest in June, 1992, Dr. Foushee -

served at the Federal Aviation Administration as Chief Scientific and Technical Advisor for Human
Factors. During this time, he headed a joint effort of the FAA, the National Aeronautics and Space
Administration, with Department of Defence Assistance, to develop and implement a comprehensive
National Plan for Aviation Human Factors. Prior to his appointment at the FAA, Dr. Foushee was
Principal Scientist of the Crew Research and Space Human Factors Branch at NASA AMES Research

Centre in San Francisco. Here, he headed a Research Programme on Team and Organizational Factors

in both aviation and space.

Dr. Foushee is a graduate of Duke University and received a Doctorate Degree in social
psychology from the University of Texas. Following his doctoral studies, he accepted a fellowship from
the National Research Council at AMES Research Centre and then a permanent NASA assignment, where
he began a series of research investigations into the factors that influence crew behavior. These studies
shed new light on factors underlying many aviation accidents and simulated the development of new flight
crew training programmes.

It’s real pleasure to be here today and I’m honored to help open
this ICAO Flight Safety and Human Factors Symposium. Before I do
anything else, I would like to recognize the efforts of Bill Fromme and
Daniel Maurino, who have worked tirelessly within the worldwide aviation
community to heighten awareness of the importance of Human Factors to

aviation safety. I would also like to recognize my friends at the Federal

Aviation Administration (FAA), our hosts here, and in particular, Bill
Shepherd and his staff for organizing this remarkable worldwide gathering.

I was fortunate to be a part of the first symposium exactly

three years ago held in a city until recently known as Leningrad and in a
country then refered to as the Soviet Union. I think this observation should
serve as an interesting reminder that change can often be upon us before we
know it. When it does occur it is often swift, sometimes complete, and we
often do not understand the implications of the changes that have occured
until well after the revolution is complete. Sometimes revolutions have
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tendency to reverse themselves after the initial excitement has subsided.

In a sense, this is the theme of my remarks this afternoon.

My subject and that of this symposium, of course, is flight safety and
human factors, but what I would like to focus upon today is how quickly
"human factors thinking" has infiltrated the world of aviation and high
technology in some parts of the world. My good friend and colleague, Earl
Wiener, has referred to this period of time as the "Golden Age of Human

Factors." While I certainly agree that we have made remarkable progress,

I sometimes wonder whether the revolution is complete enough, or

whether we really yet understand the human performance implications of
the technological changes that have either already occurred or are
imminently upon us. I also wonder whether the technical community's
increased interest in human factors is just a temporary infatuation or

whether it will really produce meaningful change.

I have been extremely fortunate that my own career has been perfectly
synchronized with the increasing acceptance of human factors thinking. I
was trained as a research psychologist and was headed for university
career until my colleague and dissertation advisor, who is with us here
today, Bob Helmreich, mentioned to me that NASA was interested in a
new area of research related to human factors and aviation safety. I was
invited to a meeting in San Francisco in 1979 chaired by John Lauber of the
NASA-Ames Research Center, the subject of which was a newly-coined
term }CoCkpit Resource Management Training (now "crew" or CRM). No
one at that ineeting really understood the nieanin‘g of that term, but the

NASA team and many of the attendees did understand that there was an
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apparent need that was not being met in aircraft operations and training.
Of course, no one in 1979 could have foreseen the explosion of interest and

acceptance of the CRM concept in a less than a decade.

Shortly, after that first industry workshop on CRM, I accepted an offer

from NASA and along with Lauber and Helmreich, began a research

program to explore the nature and extent team performance in aviation
and space environments. I remember vividly that many in the operational

community were not terribly receptive to our CRM message, but things

have changed--neither John Lauber, nor Bob Helmreich, nor anyone, has

to work very hard any more convincing the operational community that

such things are critical to aviation safety.

- Tleft NASA in 1989 to accept an offer from the FAA Administrator to serve

as Scientific and Technical Advisor for Human Factors. My position was -

a. new one, which was created as a result of an outpouring of public
concern after a number of well-publicized and entirely preventable aircraft
accidents. Ironically, some of these accidents occurred in "new technology”

aircraft that were highly automated as a means of reducing operator

workload and human error. These aviation accidents, as well as those in

other non-aviation environments (e.g. the nuclear reactor accident at

Chernobyl, USSR; the accidental destruction of an Iranian airliner by the

USS Vincennes; and the "Herald of Free Enterprise” ferry capsizing at

Zeebrugge, Belgium) have shocked us all and stimulated new discussions of

the human performance problem.

Fortunately, this high level of concern also prompted some significant
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action. In 1989, the Congress of the U.S. enacted new legislation, "The
Aviation Safety Research Act" which provided for the increased funding of
human factors research. In addition, the Air Transport Association of
America (ATA) mobilized a Human Factors Task Force made up of
representatives of various airlines, avionics and aircraft manufacturers,
U.S. Government agencies (e.g. FAA, NASA, NTSB), labor unions, and the
scientific community to address the problem. . For the first time, the
technical and operational community became fully involved and drafted a
list of priorities for human factors. But more importantly, the operational
community made an important statement about the critical importance of
human factors to aviation safety and brought a tremendous amount of

political pressure on the system to recognize this importance.

Just last year, Northwest Airlines asked me if I would be interested in
running their flight training, flight procedures, and flight standards
organizations. I was surprised at first because such organizations have
traditionally been headed by individuals who have spent their entire
careers in either operations or management, certainly not by research
psychologists. But, it also occurred to me that their interest was in large
part indicative of how far the operational community's thinking has
progressed and how quickly it has embraced the importance of human
factors. Moreover, I am by no means a unique case. John Lauber, also
trained as a research psychologist and human factors specialist, was
appointed by the President of the United States to, and now serves as a
member of, the U.S. National Transportation Safety Board (John will
address our closing banquet Thursday night). David Nagel, former head

of the human factors division at NASA-Ames is a Senior Vice President at
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Apple Computer in charge of new technology development, and I cannot
resist the observation at this point that aviation system's)designers could
learn a great deal from Apple's success in designing "user-friendly"
systems. Another former NASA colleague, Curt Graeber, manages flight

deck design research and development activities for Boeing Commercial

Aircraft. Bob Helmreich, also with us here, serves on several advisory

panels to senior NASA management and is frequently sought after as a.

consultant to senior managers in aerospace organizations worldwide.

Earl Wiener, who chairs the panel on flight deck automation on Thursday

is a member of the FAA's Research and Development Advisory Committee,

and many of us, so-called "human factors specialists” are rapidly
infiltrating all aspects of the operational and advanced technology

communities.

Now, some may still think that this is a rather alarming trend (and it may .

yet prove to be!), but I prefer to interpret it as a level of acceptance that we
could have scarcely dreamed of 10 years ago. Today, "usefffriendly" is
becoming the buzz-word of the 90's. Even the designers of videotape
recorders are now devéloping and advertising products based upon their
ease of {Jrogramming. | | |

|
While I was at FAA, I was fortunate to work for an Administrator, James

Busey, who genuinely understood the importance of human factors. In his

remarks, he frequently referred to the need to make human factors a core

technology, equal in importance to the emphasis we curr-ently place on

technological development. Unfortunately, while we now have high levels

of support, we have not become a core technology yet in the aviation

Foushee - ICAO Address
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environment. Many productive research programs dealing with human

- performance in aviation have been underWay in the FAA, NASA, DOD,

academia, and induétry for years, these efforts have never been well
organized into an overall plan that addresses the comprehensive nature of
human factors issues in the operation and maintenance of all types of
aircraft, in air traffic control system operation and maintenance, and in
the interface between air and ground. Moreover, these efforts have not
yet been provided with resources anywhere near proportional to the

problem. It is still far too easy, when budget money is tight, for decision-

“makers to defer the human factors efforts because hardware approaches

to solving human performance problems somehow seem to them more

tangible. New technology is always exciting and thus easier to sell.

Despite improvements in technology, 60 to 70% of aviation incidents and
accidents are attributed to human performance problems, and that number
has not decreased over the years. If projections for future traffic growth
are accurate, in the next couple of decades, we may experience a major
aviation accident every week despite constant improvements in
technology. - This statistic has led many to conclude that the only way to
produce dramatic improvements in safety is through increased emphasis

on human factors.

The National Plan for Aviation Human Factors
In November of 1990, the FAA pubhshed a two- volume draft National
Plan for Aviation Human Factors. The plan is a major step toward a
coordinated national program and is the result of a concerted effort by the

FAA and NASA, with significant assistance from DOD, and industry to
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come to grips with human performance problems in aviation. It is
designed as a comprehensive, long-range plan to address the most
operationally significant human performance issues in the aviation

system.

The purpose of the National Plan is four-fold. The primary purpose is to

identify and plan the technical efforts necessary to address the most. "

operationally significant human performance issues in aviation as a guide

to future project planning, budget formulation and implementation. For

the first time, the plan has produced a general consensus between the

scientific and operational communities in the U.S. on the research

priorities.

The second purpose is to allocate national resources efficiently by

coordinating research programs at various Government laboratories. In .

the past, program planning has occurred at Government agencies without
any overall coordination, which has led to gaps in some -areas and
redundancy in others. While this situation still exists to some extent,
significant improvemeht priority setting has occurred, particularly in the
FAA and NASA programs. |

The third purpose of the National Plan is to communicate research needs

to academic and industry "centers of excellence.” Given the magnitude of

human performance concerns in aviation and budgetary constraints, it is
unrealistic to expect that Government agencies will have all of the
personnel or monetary resources necessary to implement this plan,

without the assistance of industry and academic institutions.
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The fourth purpose of the National Plan is, in many ways, the most
important. It involves the means by which human factors knowledge is

transferred to Government and industry. As most of you are aware, the -

- products of human factors research have not been applied on a

widespread basis (CRM training is perhaps a notable exception. The
National Plan seeks to provide a framework for this application and is

heavily "product-oriented."

I'd like to turn my attention now to two prominent issues in the flight

‘safety and human factors area, the first having to do with the issue of

flight deck automation and the second the effectiveness of crew resource

management training.

Flight Deck Automation--Friend or Foe?
One of the biggest temptations facing the designers and engineers

struggling to reduce human error in the aviation system is to address the
problem by automating many of the tasks traditionally performed by
humans. - Many tend to accept this as a relatively recent trend, but as
Charles Billings (1991) has pointed out in his very comprehensive analysis
of aircraft automation, the Wright Brothers were working on a stability
augmentation device in 1907, and Orville Wright won the Collier Trophy
in 1913 for demonstrating "hands-off" flight using an automatic stabilizer.
Ever since, each new generation of aircraft has introduced more
automation. The pace of automation quiék_ened considerably after World
War II and- the introduction of turbojet transports introduced new

requirements for automation.
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However, as Billings suggests, it was the introduction of solid-state

electronics and small, powerful digital computers armed with software .

that made it possible to automate virtually every function and display

unprecedented amounts of information, but at a cost of greater system

complexity. It is this trend toward more information, more complexity,

and more automatic operation that have begun to raise concerns in both -

the human factors and the operational communities.

Under this design philosophy, the human operator has begun to assume

the predominant role of "systems monitor," or serving as a backup to the

automated systems. This approach has resulted in an impressive array of
aircraft and air traffic control technology that is highly reliable and which
contains vastly superior capability from a pure performance standpoint.
No one questions that the technology is better. The current generation of

transport aircraft are vastly superior to the generations they have

replaced. And yes, lest there be any doubts, with the appropriate standard

operating procedures and training pi'Ograms in place, they are probably
safer than previous generations of aircraft. However, there are some

traps built into these designs that have provoked both technical experts

and opefational community representatives to openly inquire, "how 'm_uch-

further can we automate and allow for human operators to remain fully in

command?" System complexity is already such that pilots under some

circumstances are having difficulties staying fully in the loop. One of the

humorous stories circulating in the airline industry these days, is that the
~ most common question on the flight deck used to be, "what should we do

now?" That question has now been replaced with, "what's it doing now?"
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Another interesting observation is that, originally, advanced aircraft
automation was often justified on the basis lower training costs due to
ease of use. However, to my knowledge these cost savings have clearly
not materialized. At Northwest, we operate three types of advanced
"glass cockpit” aircraft (A-320, B747-400, and B-757) and our training costs
are the same and in some cases significantly higher than earlier
generations of aircraft. Why? Because we feel that it is critically
important for our pilots to understand both the benefits and the potential

pitfalls of automation, we spend a substantial amount of time teaching our

pilots, for example, how to operate an A-320 in a way similar to that of a

DC-3. In addition, we are also obligated to devote a considerable amount
of training time to a mastery of all aspects of the advanced systems. The
net result for us is usually additional training time. However, in fairness, I
must also point out that it is entirely possible that this trend may reverse
itself once the industry develops more experience with these aircraft and

once air traffic systems are more compatible with the new technology.

One of the things that we are beginning to learn is that it is simply not true
that automation is an easy way to remove human error from the system.
While automation can and does eliminate certain classes of error, we have
begun to realize that it can also create whole new classes of error. It has
been observed by some researchers in this area (e.g. Wiener; Billings), that
in some cases new errors created throug_h automation can be worse than
the types of errors alleviated by automating. We have beguh to
understand that automation can fail in spectacular and completely

unpredictable ways. The reasons for these failures are often exceedingly
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complex and not very well understood. Thus, it is becoming increasingly
common to hear suggestions that we critically examine our automation
philosophy and consider new approaches to automation that are more
"human-centered.” Given these concerns, can we afford to follow the
current trend toward the automation of more functions leaving humans

with less to do?

Although we know that humans are far from perfect, there are certain
things that they do very well. They are capable of high levels of ingénuity
in the face of uncertainty, and they are capable of abstraction to degrees
impossible in any computer currently envisioned--even the most advanced
proposed systems for producing artificial intelligence. Yes, they do make
errors, get distracted, suffer fatigue, occasionally take unacceptable risks,
and just plain forget. How do we protect against the inadequacies in
humans, while at the same time keeping intelligent, motivated, skilled
human involved in the system? Unfortunately, no one has been able to
come up with the answer to this rather complex question, but specialists in
both human factors and engineering disciplines seem to now agtee that it

is clearly not an easy task.

Bainbridge (1987), in a very insightful analysis of automation, "The Ironies
of Automation," points out that designers usually leave those tasks to the
human operator that they cannot figure out how to automate. These "left-
over" tasks are often rather arbitrary and may not always represent the

best use of human capabilities. One of the problems with this approach to

design is the expectation that humans must monitor the system and

takeover should anything go wrong. The irony of this notion is that in a
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reliable automated system, the operator is by definition inexperienced in
the cognitive and manual skills necessary to control the system, because
the computer usually takes care of things. In addition, there is usually
more to take care of when the operator has to intervene because the
reason the system was automated in the first place was to increase its
capacity--hence more work to do. To make matters worse, he or she is
expected to take over at a time when the most skill is required--after the
system has malfunctioned and operator workload is at its peak. And of
course, the foregoing presupposes that the human operator noticed the
problem in the first place since it is well known that humans suffer
significant lapses in vigilance after only a short period of time in passive
monitoring situations. In short, the design of many automated systems
requires that the operator stay alert in boring situations, and if anything
goes wrong to perform more complicated operations with lower levels of

experience and skill. This is ironic indeed.

There does appear to be general agreement on certain categories of
problems that have been experienced and in current generations of "glass
cockpit" aircraft--problems that might benefit from a better understanding
of human-computer interface, which could be applied to future designs.
These include: 1) too little workload in some phases of flight and too much
workload associated with programming when flight plans or clearances
are changed; 2) the potentiél for substantially increased head down time; 3)
an inadequate "cognitive map” of what the system is doing making
recovery from automation failures sometimes problematic; 4) hesitancy of
humans to question or take over from an automated system even when

there is compelling evidence of a problem; 5) degradation of basic skills; 6)
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job dissatisfaction associated with the lack of a challenge; and 7)

complacency, lack of vigilance, and boredom.

Most human factors specialists strongly believe that this area of research
should be the top priority for human factors research and development.

One thing is clear. Within the next 20 years, the technology will be

available to allow the construction of a completely "pilot-less” and "air |

traffic controller-less” system. The point is not whether such a system is a
good idea--just that the technology will probably be available. No one
seriously advocates such a system. In fact, most analysts‘a_rgue forcefully
that humans will need to remain centrally involved. The pressure to take
advantage of this technology to gain additional system effiéiency and
capacity will continue, as it should. It should be troubling to all of us,

however, that there are no established guidelines for the human'’s role in

such a system. The is clearly an area where the human factors revolution -

cannot declare victory as of yet. One of our highest priorities should be the
establishment of guidelines for "human-centered” automation. Our next
highest priority should be to make sure that once established, they are

“carefully applied at the beginning of every new system design effort.

CRM Training--Does it Work?

One of the success stories of the human factors revolution has been the

rapid acceptance of CRM training concepts in the worldwide aviation

community. In a period over a little over a decade CRM is now widely
perceived to be a necessary part of flight crew training. In a recent
keynote address to the Australian Aviation Psychology Symposium, Bob

‘Helmreich likened the evolution of CRM over this period to a rather rapid
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progression from the Stone Age (rocks and clubs) through the Bronze Age
(lances and spears), to where it exists today in the midst of the Iron Age

(muskets and sabers). And at the risk of belaboring this metaphor, many

‘of us hope that the evolution of CRM will soon continue rapidly into the

Renaissance.

As I'm sure you all know CRM refers to the utilization of all available
resources--information, equipment, and people--to achieve safe and
efficient flight operations. ‘At NASA-Ames, after a series of simulation

studies, we were able to confirm what many had suspected-—-that one of

- the principal causes of accidents in aircraft operations was a failure on the

part of flight crew members to utilize effectively all of the resources
available to them during flight operations. We also concluded that the
major factors underlying these failures had to do with inadequate training
in skills associated with crew coordination, communication, leadership,
and teamwork, not with technical proficiency and aircraft handling skills.
We spent a considerable amount of effort discus}sing our findings with
pilots, airline management, and aviation safety specialists and were struck
by how infrequent these factors were dealt with in industry training
programs, despite the magnitude of the problems. To its credit, the

industry has moved quickly to address this oversight.

At its inéeption in the late 1970s, the acronym CRM stood for cockpit
resource management training and today no one questions that CRM has
advanced the cause of aviation safety. Over the years, training specialists .
began to realize that the applications of CRM go far beyond the cockpit

door. CRM is a form of team training and the cockpit crew is part of a far
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larger team, that includes flight attendants, dispatchers, gate agents,
mechanics, and air traffic controllers. Several airlines have begun to
explore the possibility of expanding the CRM training framework to
include job specialties other than pilots. This broadened framework has
now been formally recognized and the acronym has changed in most

circles to crew resource management.

Bob and his research team supported by both the FAA and NASA have been

evaluating the effectiveness of CRM programs worldwide, and while
there is good news, it is also clear that the revolution or evolution is not

complete. I'd like to spend a little time reviewing the report card on CRM.

First, crew members find CRM and LOFT to be highly effective training.
Second, there are measurable and positive changes in attitudes and
behavior following the introduction of CRM and LOFT. Third, effective
CRM programs generally cannot be purchased "off the shelf," and are best
designed with extensive involvement of people from the organization
desiring such training. Fourth, management, check airmen, and

instructors play the most critical role in determining the effectiveness of

CRM training, and I'll have more to say regarding this point in few

minutes. Fifth, without reinforcement, the impact of CRM training

decays. CRM training is clearly not something that an organization can

highlight one year and consider its work complete. As the FAA's Advisory

Circular on CRM so clearly states, it must be continually reinforced. And
lastly, .a small percentage of participants do not change as result of
exposure and tend to reject' CRM training, but the positives' far outnumber

the negatives.
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Have we accomplished most of our objectives with CRM training? I
would argue that the answer is emphatically no! The very fact that we still
showcase CRM as a "new" type of training indicates that we have not
accomplished our objectives. To be maximally effective, CRM training
needs to be integrated into everything we do in training. Think about it.
When evaluating a crew executing a complex Category II or some other
complex maneuver, how many airlines train their instructors or check
pilots to evaluate and debrief the CRM aspects at the same time they
evaluate the technical aspects of the individual crew members'
performance? Now, I would argue that there is more CRM to observe in
the execution of those types of procedures than in many so-called CRM
exercises I have observed. In fact, in several presentations over the years
I have made the assertion that I will be happy when the term CRM
disappears from the list of "hot" topics at conferences like these. What I
mean by that statement is that hopefully the disappearance of the term will
signify complete acceptance and integration into all aspects of training, the

Renaissance if you will, and not rejection because of our failure.

In a time of scarce resources, and looking backward with, of course,
perfect hindsight, there are some things I would do differently with regard
to CRM. 1 feel strongly that no organization has prepared its instructor
and check airman corp. to take maximum advantage of the CRM concept.
In my opinion, this is the key to successfully integrating CRM into all
aspects of training. I sometimes wonder if we might not have been farther
along in the industry had we used all of the resources we had spent on

"awareness level" or classroom CRM courses and expended these
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resources on instructor training instead. Better instructor preparation
would have also allowed most organizations to utilize the LOFT concept
more effectively. No, the revolution is not complete, but at the same time

the concept is flourishing in most training programs..

The Institutionalization of Human Factors

Is the human factors revolution complete or will the increased interest in

human factors fade away over time? The answer to the first of these
questions is that no, the revolution is not complete and only time will tell
whether we continue to move forward. In my opinion, however, we can
never make a meaningful difference in the human error statistics until

human factors concepts become institutionalized into the aviation culture.

This means decision-makers must become more cognizant of human

factors principles. It also means that human factors principles must be

applied at the earliest stages of the design process of new aircraft, air

traffic. control, and maintenance technology and continue through
procurement and introduction. In order for this to occur, an

organizational commitment to a decision-making process must be in place

that forrhally considers the human factors implications of every faéet of-

the aviation system. This formal process must have the support of the

highest levels of management in the aviation community. Moreover, it

must become an integral part of the "culture” of the organization, and this

will require a fundamental shift in most organizational thought processes.
This "culture-shift" has accelerated in the U.S., Japan, and some western
European nations as more and more managers and decision-makers have

become more sophisticated with regard to human factors principles.
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Although by no means unique today', one of the earliest and most

promising models for institutionalizing human factors was developed in

~ the U. S. Army. This program is known as the Manpower and Personnel

'Integration program (MANPRINT), and it has been widely acclaimed as a

method for applying human factors principles through the use of a "total
systems approach." MANPRINT was developed in response to the "force
multiplier" notion of the early 80's, whereby a smaller, but bétter-equipped
force could theoretically out-perform a numerically superior adversary.
However, this notion created considerable pressures to achieve design
excellence. After a number of experiences with technically elegant systems

that failed in the field because they could not be operated or maintained

effectively, the concept of design excellence began to broaden to include

the human operator. As a result, the Army MANPRINT program has not
only been credited with improving the quality of a number of significant
pieces of hardware, but it has also resulted in considerable cost-savings in

a number of major programs.

The developers of MANPRINT attribute its success directly to the
aggressive and highly visible support of the senior leadership. These senior
managers were unusually active in persuading other senior managers that
traditional practices regarding hardware and software development and
acquisition needed change. Among other things, the program required that
the performance of program managers would be evaluated on how well

they applied human factors principles in their design efforts.

However, the aspect that has distinguished this program and made it
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perhaps the most ambitious attempt in the U. S. to apply human factors
principles is its recent institutionalization in the Army procurement system.
Procurement policy, operating principles, and management practices are
prescribed in extensive documentation and are a required part of every

procurement. These requirements are part of every "Request for Proposal”

and are weighted heavily enough that they routinely affect contract

awards. Because companies wanting to sell expensive hardware to the
military have been required to formally satisfy human performance
requirements, the result has been increased human factors expertise

applied to system design and integration into many "corpofate cultures.”

As part of the National Plan, the FAA is taking steps toward making
human factors part of the aviation cﬁlture. These include: 1) increasing
the number of human factors specialists in all key agency organizations; 2)
the development of human factors training courses for agency managers,
system designers and engineers, certification personnel, and other job
specialties; 3) reviewing and modifying all agency orders to assure proper
consideration of human performance dimensions; and 4) developing

formal requirements for human factors specialists to be involved in all

system design teams from the earliest stages of development; and 5) -

increasing regulatory requirements for human factors training, such as
CRM; and 6) placing a stronger emphasis on human factors as part of

aircraft and avionics certification requirements.

Summary
In closing, let me reiterate what many now feel, human factors

improvements will be the only way to dramatically improve the safety of
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the aviation system. The technology has achieved a level of reliability that
will be difficult to significantly improve. Increased emphasis on human

factors in the U.S. and emerging interest in other countries offer -

~ tremendous potential for improvement. However, increased efforts in the

U.S. will not be adequate because the aviation system is truly global in

scope. Safety problems cross international boundaries very quickly.

To a large degree, it is the people in this room, who will determine

whether the human factors revolution will produce meaningful change or

is just a temporary infatuation. You are the ones who must take the

human factors message back to your home countries and organizations.

You are the ones who must argue for the integration of human factors

thinking into every aspect of the aviation culture. We've made a lot of
progress in the last 10 years, but it is the next 10 that will determine the

success of the human factors revolution.
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LES DEFIS DES TROIS PROCHAINES ANNEES»

DISCOURS DE SYNTHESE PRESENTE PAR J. PARIES (FRANCE)
AU
DEUXIEME SYMPOSIUM OACI
SUR LES FACTEURS HUMAINS ET LA SECURITE AERIENNE
WASHINGTON DC 12-15 AVRIL 1993

Mr. Jean Paries is a Civil Aviation Engineer. He graduated from I’Ecole Nationale de
I’Aviation Civile (ENAC) in 1973. He worked in the French Civil Aviation Authority (Direction Générale
de 1’Aviation Civile - DGAC) before he became, in 1990, the Deputy Chief of the Accident Investigation
Office (Bureau Enquétes Accidents - BEA). He is also a Professional Pilot with ratings in IFR, Multi-
engines and Turbines, He is a member, since its creation, of the ICAO Flight Safety and Human Factors
Study Group. '

Mesdames et Messieurs,

C’est un trés grand honneur pour mon pays et pour moi-méme que d’avoir &€ invités 2
présenter quelques réflexions de synthése finale 3 I’issue d’un symposium aussi prestigieux et fertile que
celui-ci. Mais c’est un honneur redoutable.

Je n’aurai pas I’ambition de résumer en vingt minutes ce que tant d’orateurs bien plus
qualiﬁés que moi ont dit pendant trois jours. Je voudrais simplement, pour que tout ceci continue et
s’ouvre sur 1’avenir, replacer les probl2mes de formation dans leur contexte général et réfléchir avec
vous sur la fagon dont I’avenir se présente.

Le programme me suggere d’organiser cette réflexion autour du theme suivant : «Les
défis des trois prochaines années». Pourquoi trois années? Je crois bien que c’est le rythme qu’a choisi
I’OACI pour tenir des symposiums mondiaux tels que celui qui s’achéve en ce moment. L’idée est d&s
lors toute naturelle de se tourner un instant vers le passé : en effet «on ne prévoit bien que ce qui existe
déja».

Vous le savez, ce symposium est le second. Le premier s’est tenu il y a trois ans dans
une ville qui s’appelait alors Leningrad. Je crois que I’OACI n’aurait pas pu choisir un lieu plus
symbolique 2 1’égard de ce que je voudrais vous dire. Le monde change 2 une vitesse et une profondeur
impressionnantes. Et bien évidemment, notre petit monde de I’aviation n’est pas épargné.

En fait, le transport aérien international vit depuis quelques années une mutation profonde,
que certains sociologues appellent «mutation du syst®me sociotechnique». Cette mutation a deux faces.

La premidre est d’ordre économique. Vous connaissez autant que moi le vocabulaire de
ce véritable tremblement de terre qui affecte aujourd’hui la plupart des compagnies aériennes dans le
monde. 1l contient des mots du genre «déréglementation», «concurrence sauvage», «pertes €normesr,
«mise en liquidation», «rachats», «fusions».
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Cette situation n’est pas exempte de risques pour la sécurité, ni a court terme, ni a long
terme. v v

A court terme, elle engendre inévitablement des tentations d’économies sur les budgets
de fonctionnement de la sécurité, tels que ceux consacrés 2 la formation et A ’entrainement des

. personnels, ou 2 I’entretien des matériels.

Elle engendre aussi une tentation de repli sur soi, d’économie sur les déplacements et la
communication. Est-ce que vous croyez par exemple que tous ceux qui auraient voulu participer a ce
séminaire ont obtenu les moyens de le faire?

A long terme, les effets peuvent &tre encore plus profonds. Je crois en effet que la
transformation des structures économiques du transport aérien 2 laquelle nous assistons refleéte une
évolution profonde de son rdle dans nos sociétés. D’une activité privilégiée, protégée par I’intérét du
pavillon national, tourné vers les élites économiques et politiques, il devient une activité massive et
banalisée. Sommes-nous certains que cette réalité nouvelle restera en pleine harmonie avec 1’approche

-exceptionnelle que le transport aérien a su développer dans le passé vis-a-vis de la sécurité? Je crois que

la question mérite d’étre posée... '

La deuxidme face de la mutation est du registre technique. Tout le monde le répete :
nous vivons depuis quelques années 1’apparition d’une nouvelle génération d’avions. La nouveauté est

- 2 la fois évidente — un peu comme le passage des hélices 2 la réaction — et malgré tout assez confuse.

On a du mal 2 nommer cette nouveauté. Aucun des mots utilisés (et 12 je dois m’incliner devant la
supériorité écrasante des anglophones) «glass-cockpit», <highly automated aircraft» ne rend vraiment bien
compte des différences. On a aussi du mal 2 dater 1a nouveauté.

Question : Quel est e premier avion de la nouvelle génération?

Eh bien, je vais prendre devant vous un gros risque. Un double risque. Celui d’étre
accusé par certains d’@tre vendu 2 Airbus, et en méme temps par d’autres accusé de désigner I’A320 2
la vindicte populaire. En effet, je pense que c’est I’ Airbus A320 qui «incarne» la mutation dont je parle.
Je pense que cet avion a établi un nouveau standard, valable pour de nombreuses années.

[Je crois que dorénavant, les avions auront des commandes de vol électriques avec des
interfaces adaptées, donc différentes des commandes mécaniques. Je crois qu’ils auront des protections
automatiques de domaine de vol, des systdmes gérés par calculateur et des pannes également gérées par
calculateur, avec des instruments qui présentent 2 1’équipage les informations et les check-lists
pertinentes]. . '

Je crois que dorénavant, les avions seront construits autour d’un systéme centralisé de
traitement numérique de 1’information, devenu un véritable «partenaire» de I’équipage. Je crois que c’est
un fait irréversible, qu’il modifie de fagon profonde les rapports entre les pilotes et I’avion, et que nous
devons en tenir compte. '

Mais tout ceci constitue ce que j’appellerai la partie «médiatique» de la transformation
technique. Car I’avion, loin s’en faut, n’est pas le seul élément concerné. Des évolutions analogues a
celles que je viens d’évoquer, bien que moins spectaculaires, se produisent dans tous les domaines, de
la maintenance au contr6le de la circulation aérienne.

[Les nouveaux outils informatiques- d’assistance au contrdle, les liaisons de données
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numériques air-sol, les systémes d’antiabordage embarqués, les syst®mes sol d’anticollision avec le relief
tels que le MSAW, sont les premiers €léments d’une mutation technique globale].

Un gigantesque réseau de traitement et d’échange d’information se construit peu 2 peu.
Il rassemblera dans un seul systéme I’ensemble des fonctions de navigation, de gestion du vol, de contr6le
aérien, de régulation du trafic, de planification opérationnelle et commerciale.

Quels peuvent &tre les effets d’une telle mutation sur la sécurité?

Je crois qu’il faut se méfier des réponses trop simples...

Bien sfr, la sécurité des systtmes complexes repose sur 1’expérience, les essais et les
erreurs du passé. Et bien sir, par déduction immédiate, la sécurité des systémes complexes n’aime pas
les situations transitoires.

Et je suis slr que beaucdup d’entre vous 2 cet égard pensent & nouveau 2 L’A320. Voila
en effet que I’avion dont j’ai dit qu’il «incarnait» 1a nouvelle génération subit 3 catastrophes pendant ses
4 premilres années d’exploitation. '

Il est terriblement tentant de conclure qu’on est allé trop loin.
Je crois que ce serait une grave erreur, et ceci pour plusieurs raisons.

‘Tout d’abord, on ne peut pas conclure valablement sans avoir analysé les accidents en
profondeur et compris en quoi la nouveauté de 1’avion, ou ses automatismes ou ses particularités, sont
impliqués dans le mécanisme.

Ensuite, je crois que ce serait une vision totalement naive du fonctionnement du systéme.
Que cela nous plaise ou non, le monde change, les techniques évoluent, et la sécurité doit s’y adapter.

Enfin ce serait une vision naive des rapports entre technique et sécurité.

Pour illustrer cela, je voudrais prendre ’exemple d’un autre avion : le B727. Lui aussi
a connu de nombreux accidents pendant ses premieres années : 4 je crois dans les 3 premidres années.
Lui aussi r présentait une nouveauté considérable pour les pilotes et le systtme. Dans son cas, le lien
nouveauté-accident est clair : les pilotes habitués aux avions 2 hélices se laissaient surprendre par ses
caractéristiques aux basses vitesses et le temps de réaction des moteurs. '

Aux Etats-Unis, la presse de 1’époque n’a pas hésité 2 présenter des titres comme «ground
the killer». Vous connaissez la suite. Le B727 est non seulement le plus grand succeés commercial, il
est aussi I’un des avions les plus srs jamais construits. Son taux d’accident sur les 10 dernieres années
est du méme niveau que celui des avions les plus récents.

Est-ce que cette petite histoire a une morale?

Oui, je crois qu’on peut en tirer une legon trds importante : il ne faut pas confondre
changement et situation transitoire. ' o

Si le méme avion peut étre successivement le pire et le meilleur, c’est que la technique
et ses évolutions n’ont pas vraiment, en elles-mémes, d’effet particulier sur la sécurité.
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Tout dépend de ce qu’on en fait.
Tout dépend de la fagon dont le systéme la prend en compte.

Et c’est 1a qu’un symposium comme celui-ci prend toute sa signification. Car il est
évident qu’un élément décisif de la prise en compte que je viens d’évoquer est la_formation et
I’entrainement des acteurs de premidre ligne. Et je ne parle pas uniquement des pilotes.

Bien que je ne sois pas un chaud partisan de la notion de «cause primaire», je vais me
référer A nouveau 2 la statistique annuelle de Boeing : on y constate en effet que les deux seules familles
de «causes primaires» qui ont augmenté dans les 10 dernieres années sont celles llées 2 la maintenance
et au contrdle aérien.

1l était donc important qu’une place soit faite 3 la formation des contrdleurs et des
personnels de maintenance dans ce symposium, tout comme il était important que toute cette dernidre
journée soit consacrée a la formation des personnels par les systémes automatisés. Il est essentiel en effet
que les programmes de formation, y compris CRM, prennent désormais en compte cette dimension de

“la réalité.

Plus généralement, je crois que le défi majeur des deux ou trois années 2 venir sera de
prendre toute la mesure des transformations en cours, et de cerner clairement les adaptations nécessaires,
surtout pendant la période transitoire. Pour prendre une métaphore, les systémes sociotechniques

" réagissent un peu comme les &tres vivants. Tout changement important d’environnement les rend

inadaptés, et ceci provoque un stress. Le bon stress est capable de rétablir I’adaptation en provoquant
les évolutions nécessaires. Le mauvais stress rend malade. Dans notre cas, la maladie s’appelle accident.
Tout ’enjeu des années 2 venir sera de libérer le bon stress et de lui permettre d’agir.

Il faudra savoir faire la part de ce qui reléve de la conception, des procédures, de la
formation, et peut-étre méme de la sélection.

Faire la part, cela veut dire ne pas faire assumer par la formation ce qui releve des
défauts de conception si on peut faire autrement. Mais c’est aussi prendre la réalité comme elle est et
les avions comme ils sont, sans tomber dans une sorte de guerre des boucs émissaires : c’est la faute de
I’automatisation. Non, c’est la faute des pilotes. ‘

Avant de terminer, je voudrais indiquer un certain nombre de conditions de succes face
a ce défi. ‘

La toute premidre, par ordre d’importance, ¢’est de convaincre les responsables. Il est
évident que rien ne peut avoir d’efficacité réelle sans la volonté globale, la conviction des dirigeants.
Ce sont eux qui pensent ce que pense le systéme. Ils donnent le ton, établissent les vraies priorités, celles
qui sont inscrites non pas sur le papier, mais au fond des tétes et des cultures.

Convaincre les managers que, préci'sémen't parce que les temps sont difficiles, il faut
augmenter les investissements dans la sécurité, la conception des matériels, la formation des hommes,
voila probablement le plus difficile des défis 2 venir, et je n’ose pas dire des 3 ans a venir...

Deuxieme condition (et maintenant je n’établirai plus d’ordre d’importance) : faire
bénéficier a I’ensemble du monde ce que chacun a appris. Les avions, y compris les plus modernes, ne
volent pas uniquement aux Etats-Unis et en Europe. Je ne voudrais pas étre mal compris. Il ne s’agit
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pas ici que de prétendus «savants» aillent précher chez de prétendus «ignorants». 1l s’agit véritablement
de communication, d’échange nécessaire des expériences. Je voudrais souligner ici le r6le essentiel joué
par les séminaires animés par I’OACI autour du monde. Il y a eu Douala, Bangkok, Mexico, Le Caire.
II faut que cela continue. [J’ai eu la chance de participer 2 certains d’entre eux-et je dis bien qu’il s’agit
d’une chance. A chaque fois, j’ai été ravi de tout ce que j’avais appris].

Une troisiéme condition me parait également importante. Rassurez-vous, c’est presque
la derniere. '

Je crois que convaincre et enseigner ne suffisent pas toujours. Le haut niveau de sécurité
de I’aviation civile internationale s’est construit en grande partie sur des réglements. Le temps est venu,
me semble-t-il, d’inscrire dans des rdgles les quelques acquis dont nous disposons en matidre de facteurs
humains. J’ai relu récemment les articles des réglements de certification des avions de transport
concernant la conception des postes de pilotage. Ils demandent que les pilotes soient convenablement
protégés des intempéries, et c’est sQrement trés bien. Le probl®me est qu’ils ne sont pas d’un grand
secours pour certifier un FMS. Je crois que le moment est venu de réviser les réglements qui concernent
la certification, ’agrément des simulateurs, 1’entrainement périodique, 1’appariement des équipages, la
formation des acteurs de premitre ligne pour y inscrire plus fermement ce que nous avons d’ores et déja
appris en matiere de facteurs humains. '

Enfin, et j’en aurai terming, je pense qu’une condition décisive de succ®s est que nous
sachions adapter le systeéme de retour d’expérience aux nécessités de I’heure. 1l n’est pas acceptable que
des quasi-accidents puissent se répéter plusieurs fois dans le monde sans qu’on n’en sache rien, pour
finalement se produire vraiment un jour en tuant des centaines de passagers. Il faut rajeunir, réactiver,
repenser le retour d’expérience. Nous disposons des outils. Plusieurs pays ont mis en place des systémes
de recueil confidentiels d’incidents. Plus de 50 compagnies dans le monde ont mis en oeuvre des
programmes d’analyse des données de vol. 1l y a 12 un outil extraordinaire, il faut avoir le courage de
s’en servir. C’est un véritable défi que celui-13, et il concerne tout le monde : les organisations
professionnelles, les responsables des compagnies, les constructeurs, les autorités.

Certes il y a des obstacles majeurs : la compétition commerciale, les actions judiciaires,
les actions disciplinaires, tout cela paralyse le retour d’expérience. A cet égard, il nous faut vraiment
changer de si&cle.

Mesdames et Messieurs, j’aurais pu allonger cette liste des conditions du succes, en

parlant par exemple des nécessités de recherche, et des perspectives offertes en particulier par la’

psychologie cognitive. Mais je sais que j’ai déja largement dépassé vos possibilités d’attention et méme
- @’indulgence. 1I faut savoir terminer un symposium, aussi passionnant soit-il.

-Je vous souhaite un excellent retour, et je vous donne rendez-vous dans trois ans, pour

le troisi#me symposium de I’OACI.
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ABSTRACTS

Abstracts of the papers presented by lecturers are arranged in order of their actual
presentation. The full text of the presentation, in its original language, is to be found in
Appendix A.

DEVELOPING HUMAN FACTORS KNOWLEDGE

MORNING SESSION CHAIRPERSON: CAPT. NEIL JOHNSTON (IRELAND)
HUMAN FACTORS TRAINING FOR OPERATIONAL PERSONNEL
By Capt. Neil Johnston (IRELAND) |
The primary emphasis in this paper is on Humah Factors knowledge training during initial

pilot training. The paper starts by reviewing the background to the existing ICAO Annex 1 (Personnel
Licensing) requirement for Human Factors knowledge training. International differences in training

“practices are then considered and the distinction between Human Factors knowledge and the application

of Human Factors skills is examined. The outline Human Factors knowledge syllabus recommended by
ICAO is discussed briefly and the experience of those involved in implementing such training is
subsequently reviewed.

Neil Johnston joined the ab initio pilot training programme of Aer Lingus, the national
airline of Ireland, directly from school. He is now a Boeing 737 Captain with Aer Lingus. He was the
founding chairman of the Human Performance Committee in IFALPA (the International Federation of
Airline Pilots’ Associations). He is currently chairman of the Human Factors Working Group in IATA
(the International Air Transport Association). He represents IATA on the Flight Safety and Human
Factors Study Group at ICAO (the International Civil Aviation Organisation). He is an Associate Editor
to the International Journal of Aviation Psychology. His interests include the marriage of theory to
practice in aviation and pilot training. He has been intensively involved in various innovations in pilot
training, working both for Aer Lingus and as an independent consultant. '

HUMAN.FACTORS IN LEARNING AND INSTRUCTION
By Prof. Ross Telfer (AUSTRALIA)

At the University of Newcastle, the undergraduate program for the Bachelor of Science
(Aviation) Human Factors are a key area of study. Initial concentration is on the individual’s capacities
and limitations as a pilot, incorporating aviation medicine and ergonomics. In the second year, when the
student has attained initial licensing and is beginning multi-crew training, the focus moves to group
dynamics (communication, climate, cohesiveness, etc.) and social psychology relating to multi-crew
activities.In the third year, students relate human factors to learning and instruction in aviation. The first
half of the year examines ground school activity, and the second half of the year deals with airborne
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instruction (usually linked with a flight instructor rating). The optional fourth year (leadmg to an Honours
degree) provides an opportunity for a research project in human factors.

In contrast, a human factors course for airline training captains has to be compressed into
the shortest period which will provide effectiveness. For efficiency, a multiplier principle of training
* trainers is utilised. To capitalise on the short contact time, pre-reading and a reference manual are
provided. An instructional design is drawn from andragogy (adult learning) rather than pedagogy,
concentrating on process rather than content. Modular construction and a spiral curriculum enable the
course to be-started economically, then expand to .provide flexibility in adapting content to suit the
participants’ expertise and experience.

Current international research (Telfer and Moore, The University of Newcastle) with airline
pilots has shown three identifiable motives and strategies used by pilots undergoing training and
instruction. The deep (or intrinsic) approach, the shallow (or surface) approach, and the achieving
approach can be identified by the Pilot Learning Process Questionnaire, and have clear implications for
the effectiveness of pilot training. . -

Professor Ross Telfer is Head of the Department of Aviation at the University of
Newcastle. He is the author or co-author of six books (including The Process of Learning (Prentice Hall,
1981; 1987); Psychology and Flight Training (Iowa State University Press, 1988)) and editor of Aviation
Instruction_and_Training (Ashgate, 1993). He has published monographs, articles and conference
presentations and has collaborated with aviation organizations on instruction and training. His current
research looks at pilots’ approaches to learning.

HUMAN PERFORMANCE LIMITATIONS REQUIREMENTS —
THE UNITED KINGDOM EXPERIENCE

By Dr. Rory M. Barnes (UNITED KINGDOM)

The United Kingdom Civil Aviation Authority first considered introdueing a knowledge
of Human Factors into the requirements for a pilot’s licence in the mid-1970s. Consultation with the
training schools and other aviation organisations produced muted enthusiasm on the grounds of the
additional time and cost involved and also on the basis that some of the subject matter was already
covered in other topics.

Following the requirement for the introduction of the subject Human Performance and
Limitations into all professional flight crew examination syllabuses in the 8th edition of ICAO Annex 1
the CAA notified the aviation community that it would be complying with the requirement and that
candidates would be examined in it. :

A syllabus was drawn up by the CAA following internal discussions and advice from the .

Applied Psychology Division of the RAF Institute of Aviation Medicine. Because of the imminence of
the European Joint Aviation Authorities they syllabus was also reviewed with our European partners.
The final syllabus proved to be very similar to that subsequently recommended by 'ICAO.'

Examinations were scheduled to start in 1991, the intervening period being required to
brief the training schools, airlines and other interested aviation organisations on such matters as the
syllabus and the reason for including specific subjects, the qualifications for instructors, the provision
of training courses for instructors and sources of suitable reading material.
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When first introduced for professional pilots in April 1991 it was not necessary to obtain
a pass in order to gain a licence, although a re-sit of the exam was required. Since January 1992 a pass
is mandatory for the issue of a professional licence and on re-issue or upgrade of a licence. Up to the
end of 1991 the pass rate was 30%. Since a pass became compulsory the rate achieved has been over
70%.

Private pilots are also required to study an appropriately adapted syllabus and to date some
2000 have sat the exam successfully,

More important than the exam itself, which is a means to an end, is the interest the subject
appears to have generated within the pilot population.

Dr. Barnes obtained his medical degree from London University in 1962. After the usual
intern posts he spent time in Public Health Laboratories, as a pathologist and as a family physician. His
aviation medicine career started in 1962 when he joined what is now British Airways. He was originally
responsible for the clinical care of air crew. He was promoted to a new post of Senior Medical Officer,
Flight Training and Research with responsibility for medical training within the airline.

In 1975 he undertook a programme of research on workload in CAT III landings
sponsored by the CAA whom he joined full time in 1976. He is currently SMO Flight Safety and
Research, and Deputy to the Chief Medical Officer. His principle task is to advise on Human Factor
problems. He holds specialist qualifications in aviation medicine and occupational health.

_ He is a Fellow of the Aerospace Medical Association and Royal Aeronautical Society and
an Honorary Medical Adviser to The Guild of Air Pilots and Air Navigators. He is a Member of ICAO
Human Factors Study Group. '

In addition he is a qualified helicopter, glider and ﬁxed wing pilot and curremly flies with
a commuter airline.

He has written papers on workload and physiological factors in relation to flight and
cabin crew.

" HUMAN FACTORS KNOWLEDGE REQUIREMENTS FOR FLIGHT CREWS
By Dr. Barry H. Kantowitz, Ph.D. (USA)

Human factors covers a very broad area of knowledge. For example, my own human
factors textbook (Kantowitz & Sorkin, 1983) contains 700 pages divided among twenty chapters and
requires an entire semester of class time: three hours per week for sixteen weeks. A more recent edited
text devoted solely to aviation human factors (Wiener & Nagel, 1988) contains 684 pages in nineteen
chapters. It is probably unreasonable to expect the typical flight crew to master all of this information.

ICAQ Circular 227 (ICAO, 1991) offers a human factors training curriculum covering
eight modules in 35 hours, only slightly less than the 48 hours required in the typical university first
human factors course. This article compares the topics in the ICAO curriculum to those covered in a
university human factors course, noting both differences and similarities. Suggestions are made for

modifications to the ICAO curriculum that will capture recent trends in human factors research and
practice,

Such trends center on the increased use of cognitive models of human behaviour to predict
and explain human performance and human error. Traditional views of human factors are based upon
empirical "knobs and dials" studies, Modern human factors emphasizes the need to predict flight crew
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behaviour based upon theories of human performance. Several aviation examples are discussed that
demonstrate that the best human factors tool is a good theory. This is especially true when reviewing
the human factors of flight crew interaction with advanced flight deck autonmation.

Guidelines for the training of professional human factors personnel (Kantowitz, 1987;
Howell, Colle, Kantowitz, & Wiener, 1987) also contain useful suggestions that can be applied to the
knowledge requirements for flight crews. Of course, flight crews do not need to have such a high level
of training as human factors professionals; nevertheless, there is much to be gained by understanding the
range of requirements for human factors specialists. Thus, implications for flight crew training are
discussed.

1969 - Ph.D., Experimental Psychology, Joint Minor in Computer Science and Industrial
Engineering, University of Wisconsin, Madison, Wisconsin, 1967 - M.A., Psychology, Queens College
of CUNY, New York, New York; 1965 - B.A., Psychology (Research Honors), The City College of
CUNY, New York, New York.

Barry H. Kantowitz is the Senior Staff Research Scientist at Battelle Seattle Research
Center in the Human Factors and Organizational Effectiveness Research Center. He received the Ph.D.
degree in Experimental Psychology with a joint minor in Computer Science and Industrial Engineering
Jrom the University of Wisconsin in 1969. From 1969 to 1987 he held positions as Assistant, Associate,
and Full Professor of Psychological Sciences, as well as Full Professor of Industrial Engineering, at
Purdue University, West Lafayette, Indiana. From 1977 to 1987 he was Director of Graduate Human
Factors Training at Purdue. Dr. Kantowitz was elected a Fellow of the Society of Engineering
Psychologists and the American Psychological Association in 1974. He has been a National Institute of
Mental Health Postdoctoral Fellow at the University of Oregon, a Senior Lecturer in Ergonomics at the

Norwegian Institute of Technology, Trondheim, Norway, a Visiting Professor of Technical Psychology

at the University of Lulea, Sweden, and is currently an Affiliate Professor of Psychology at the University
of Washington. He was recently appointed Human Factors Scientific Advisor to the NASA Aviation Safety
Reporting System.

Dr. Kantowitz has written and edited more than one dozen books, including Human
Factors (John Wiley & Sons) now in its tenth printing, and Experimental Psychology (West) now in its
fourth edition. His research on human attention, mental workload, reaction time, humanmachine
interaction, and human factors has been supported by the Office of Education, the National Institute of
Mental Health, the National Aeronautics and Space Administration, the Air Force Office of Scientific
Research, Nuclear Regulatory Commission, the Nuclear Power Engineering Test Center (Tokyo), the
Electric Power Research Institute, a major Japanese airline, and the National Highway Traffic Safety

Administration. He served a five-year term on the editorial board of Organizational Behaviour and

Human Performance. He has published over 75 scientific articles and book chapters, including two
chapters in the Handbook of Human Factors.

IMPLEMENTATION OF HUMAN FACTORS KNOWLEDGE REQUIREMENT S
IN THE CANADIAN FLIGHT TRAINING SYSTEM

By Insp. J.H. King (CANADA)

Given the importance of sharing Human Factors information with member States, this
paper imparts the development of Human Factors knowledge requirements in the Canadlan flight training
system. The report centres around the following:

1. How ICAO Human Factors Digest No. 3 is utilized in the examination computer
system and in the development of flight crew study and reference guides and
examinations.
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2. Adaptation of ICAO Human Factors knowledge requirements to encompass previous
efforts in pilot decision-making and aeromedical information and the development
of basic resource materials to support this endeavour.

3. Attempts to undertake a research study to develop and validate a total human factors
program including knowledge and skill requirements. '

4. Endeavours to pass on requirements and reference materials to pilot candidates.

Insp. J.H. King is an Aviation Education Specialist with the Aviation Training Division
of Transport Canada. He has a Bachelor of Arts degree in psychology and geography and has done post
graduate studies in educational design and teaching behaviour. He has worked as an educator, pilot and
Sflying instructor. He has owned and operated a fixed base flying operation and has been responsible for
the flight instructor and instrument flying programs at the Sault College of Applied Arts and Technology.

HUMAN FACTORS IN GENERAL AVIATION
By Mr. Ronald D. Campbell (IAOPA)

This paper is aimed at the requirements to be considered when relating Human Factors
education to single pilots, as distinct from multi pilot operations which are heavily controiled and

- monitored by the airline oriented companies. It could therefore act as a catalyst discussion on Human

Factors in the General Aviation and Aerial Work sectors.

Ronald D. Campbell, Technical Co-ordinator for the Europe Region of the International
Council of Aircraft Owner and Pilot Associations (IAOPA), Frederick, U.S.A.

AFTERNOON SESSION CHAIRPERSON:
PROF. GRAHAM J.F. HUNT, PH.D (NEW ZEALAND)

, NEW AVIATION PROFESSIONALISM: KNOWLEDGE SYSTEMS
THAT INTEGRATE HUMAN FACTOR COMPETENCIES IN JOB PERFORMANCE

By Prof. Graham J.F. Hunt, Ph.D (NEW ZEALAND)

One of the much used words in aviation is that of "professionalism”. Every pilot wants
the privileges (especially money), respect, and responsibilities that come from being a captain employed
by a major airline. To achieve this end, pilots accept that the means to such an end involve high
technical standards of performance, integrity and an acceptance of the "rules of progression” from trainee
pilot; second officer, first officer and finally captain. Similar aspirations may be found with air traffic
controllers, maintenance engineers and other occupational groups within the industry. Acceptance of
these "means to an end" are what job incumbents mean when they describe their work status as "being
professional”. However, is this label legitimate? This paper will examine the strategies which will need .
to be implemented if airline flight crews, .air traffic controllers and maintenance engineers are to develop
from craft and trade based operators, to members who can be accorded the status and responsibility
practised by most of the recognised professions. Aviation’s need for an internationally recognized,
tertiary-based content of knowledge, long accepted by other professional groups, is discussed. Included
in such knowledge systems will be the need for integrating human factor dimensions,with those that
recognise the cultural context in which aviation personnel operate. The new professionalism in aviation
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will result in expandmg the competencies of its members in technical, management and human factor
applications.

SOME ASPECTS ON OUR HUMAN FACTORS CONCEPT
By Capt. Gunnar K. Fahlgren (IATA)

I will discuss "What Human Factors mean”. Some have a very negative view of it in their
minds, namely that it is a contributing factor to accidents in our life. Human Factors cause accidents.
Accident shall be avoided and consequently Human Factors should be eliminated.

Others have a much more positive view of this expression. Human Factors are those
factors which make us human. What we need is a united and a more holistic view of the meaning of
Human Factors. We need a definition suitable for our business.

I will also discuss how we should handle the pilots test/examination on the subject
"Human Performance and Limitations” I will propose that written tests should be avoided on this subject.

The researches, now going on especially in the U.S.A. usually focus on the negative side
of Human Factors. This is good, as we can learn our limits. We also investigate a lot more incidents now
than we did before. This is also good. But we must very carefully think about, how this new approach
on Human Factors will influence the image of safety. I will say that the ICAO and IATA members must
control this, be aware of the risks and act in a way that this positive stake not will turn out to produce a
boomerang effect on our customers and our employees. We must use the Human Factors concept
positively and give our customers the correct feelings and the conviction that they can trust our industry
now and for ever.

We often hear and read that 75% of all accidents are caused by Human Factors.
But we can also say that thanks to Human Factors other reasons for accidents are as low as 25%. Which
expression do you like best?

After 42 years as a pilot, Gunnar K. Fahlgren retired as captain in Scandinavian
Airlines System, where he worked as Flight Instructor, Chief Pilot and CAA inspector. He has several
years of studies in psychology at Stockholm University and has been a speaker at FSF annual meetings
at Tokyo 1987, Sydney 1988 and Rome 1990. He is now working as a Human Factors consultant in
Sweden with branches in Belgium and Malaysia and has conducted Human Factors courses for more than
a thousand pilots from twenty airlines. He is a member of IATA Human Factors working group.

TRAINING HUMANS FOR AN AUTOMATED ATC ENVIRONMENT
By Mr. Bert Ruitenberg (IFATCA)
The International Federation of Air Traffic Controllers’ Associations was founded in 1961
and has since grown to a worldwide organization with over 80 Member Associations that is accepted by

the aviation-world as "the voice of the Air Traffic Controller”.

IFATCA participates in ICAO’s Human Factors Programme and feels honoured to be
invited to present a paper at this Global Symposium. In the paper, differences in ATC-training compared



42

Circular 243-AN/146

with pilot-training are highlighted. There are a number of areas where safety-related standards that are
accepted in pilot-training are conveniently "overlooked"” in ATC-training.

_ IFATCA’s views regarding automated ATC-systems are explained, with much emphasis
on the role of the Human Being in an automated environment. Will automated systems inherently lead
to an increase in capacity, enabling more traffic to be handled by less Controllers or is this influenced

- by the role of the Human Element?

It is our firm belief that automated systems should be designed to assist Air Traffic
Controliers, to enhance both job-satisfaction and the safety-element of the Controller’s task.

Therefore IFATCA has always urged that Controllers be involved from the
designing-phase onward in the development of new equipment. The Human Factors aspects of automation
must be fully considered when developing automated systems and should include the maintenance of
essential manual skills and Controller awareness. The Human Element - the Air Traffic Controller - must
remain the heart of the ATC-system, a system that is there for the Controller, not the other way around.

: Mr. Bert Ruitenberg was born in 1955, and his Air Traffic Control career began in 1976,
when he entered training in the Royal Netherlands Air Force. In 1980 he transferred to the Dutch CAA

_as a TWR/APP-controller at Schiphol Airport and has worked there ever since. As of 1988 he was also

giving instruction on their ATC-simulators. From 1983 to 1989 he was a member of IFATCA’s Standing
Committee 4, the Federation’s working-group dealing with Professional matters (working-conditions,

medical items, selection and training, Human Factors, etc.). At the 1992 IFATCA Annual Conference

he was elected EVP Professional, which means that he is currently the Executive Board Member
responsible for the Professional matters of the Federation.

TRANSAVIA’S INTEGRATED APPROACH TO HUMAN FACTORS TRAINING

By Mr. David Lawson (UNITED KINGDOM),
Capt. Han Luchsinger and Capt. Frans Trompert (NETHERLANDS)

In 1984 Transavia Airline’s Flight Training Department conducted an evaluation of Flight
Crew performance to determine if current training programmes were meeting crew needs. Arising from
that evaluation Transavia introduced a LOFT programme into the 1985 Recurrent Training schedule.
This LOFT programme identified a discrepancy between the skill levels of crews in the technical and
non-technical areas. Transavia saw the need for a programme to develop enhanced non-technical skills
amongst its crews.

Working in cooperation with the Personnel and Cabin Crew Training departments, the
Airline agreed a set of goals and training objectives in September 1988. Several Senior Instructors met
with representatives of airline’s conducting CRM training and attended CRM programmes conducted by
United Airlines and KLM. Arising from this research Transavia chose Interaction Trainers Limited as
consultants. ITL is a UK based company working in the field of CRM and Instructor training with many
airlines around the world. ITL’s task was to assist Transavia with the design, development and
presentation of a Crew Management Course.

Pre-design meetings began in March of 1989 and ITL conducted the first course
November 1989. Since 1989, a total of 110 pilots have attended the Transavia CMC. In 1990, ITL and
Transavia introduced a two-day Follow-Up course for Instructors. The Follow-Up deals with debriefing
CRM in Recurrent and Command Training. A one-day refresher course also forms part of the command
training syllabus. Integration of CRM into Recurrent Training took place in 1992.
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Transavia has plans to introduce CRM into all Flight Crew Check and Trammg as part
of their continuing integrated approach to crew development.

David Lawson was the Royal Air Force Engineer 1966-1970 and Royal Air Force

Navigator 1970-1988. Operated VCI0, Vulcan, Hawk, HS125 and Tornado. Joined ITL in November
1988 as a Training Consultant. Appointed to the Board of ITL as a Director in April 1992.

- Capt. Han Luchsinger worked for the Royal Netherlands Air Force 1968-1977. Flew
F104 Starfighter. Joined Transavia as First Officer 1977. Instructor Pilot 1978. Captain in 1981 and
Chief Training Captain 1984-1987. Appointed CRM Project Leader 1988.

Capt. Frans Trompert worked for the Royal Netherlands Airforce 1966-1974. Flew F104
Starfighter. Chief Instructor of local Flying School and Regional Charter Operator 1974-1978. Joined
Transavia 1978. Currently Training Captain on B737 and Type Rating Examiner. Joined CRM Project
Team 1990. '

TRAINING OF NATIONAL TRANSPORTATION
SAFETY BOARD (NTSB) HUMAN PERFORMANCE INVESTIGATORS

by Dr. Malcolm Brenner, Ph.D. (USA)

Human performance issues are often central to the investigation of aviation accidents.
The NTSB provides training in human performance to both field investigators and human performance
investigators working for the agency.

Field investigators, located in field offices around the United States, are required to
conduct by themselves the investigation of small aviation accidents (typically fatal accidents in general
aviation or minor airline accidents or incidents). These investigators complete an initial 2 1/2 week
training course developed by the agency that covers all aspects of aviation accident investigation. It
includes a 2 1/2 hour class on human performance that focuses on practical behavioral evidence that needs
to be collected. The class teaches that there are five areas to be covered in a basic human performance
investigation: 1) information on the individual’s activities before the accident, beginning with the
moment of the accident and working back at least to the beginning of the last rest period; 2) information
on the individual’s aviation ability (as from an interview with a flight instructor or chief pilot); 3)
information on the individual’s personal life (as from an interview with next-of-kin); 4) information on
the individual’s medical history; and 5) toxicological testing. Investigators are provided with a written
reference manual. The chapter on human performance provides a short checklist of human performance
questions that can be helpful for conducting interviews. Investigators can also consult with human
performance investigators for assistance with their cases. :

Human performance investigators, located at the agency’s headquarters, form part of the -

major team that investigates large airplane accidents (such as fatal airline accidents). They focus on the
performance of pilots, air traffic controllers, or mechanics involved in the accident to ensure adequate
treatment of relevant human performance issues. Human performance investigators are recruited from
3 backgrounds: 1) an academic background with graduate level training in human performance and some
degree of aviation exposure; 2) an industry background such as military/airline piloting with some
degree of human performance training or exposure; and 3) a police investigation background. Human
-performance investigators receive the same initial training as field investigators, and, in addition, receive
- on-the-job training by experienced investigators on several accidents. Relevant reference material is
available, and informal interaction among investigators and. specialists is encouraged.
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Malcolm Brenner is a senior human performance investigator with the National
Transportation Safety Board (NISB), Washington, D.C. Prior to joining the Safety Board in September,
1986, he served as a scientific consultant to NASA and the U.S. Air Force for human performance
research, and as an expert witne s on human performance issues for the U.S. Senate, the U.S.
Department of Justice, and for private litigation resulting from aviation accidents. He received a Ph.D.
degree in Psychology from the University of Michigan. Dr. Brenner is a private pilot. (10U

TRAINING THE INVESTIGATOR
By Mr. Peter Harle (CANADA)
While the aviation community is adjusting to the importance of human factors in accident
prevention, to date there has been little coherent effort to provide accident investigators with the requisite

knowledge and skills to deal with human performance issues in a systematic way. Even when
investigators do receive special training, the tendency has been to focus on the performance of those

individuals closest to the operation at the time of the accident or incident.

Increasingly, an awareness is growing that the aviation system is plagued with accident-
conducive circumstances. These may be the product of inadequate decisions at the highest levels in terms
of equipment acquisition or design, of improper maintenance or operating procedures, of training or
scheduling shortcomings, of cost-cutting resource allocations, of communications failures throughout the

~ organization or industry, of psychological or other pre-conditions that we operate with daily, etc.

If the generalist investigator is to meet the challenges of investigating the Human Factors,
they require relevant training in the basic principles; eg. the interdisciplinary nature of human factors,
fundamental areas of examination, data that should be collected, data sources and collection methods
including interview techniques, analytical techniques, etc. They must also learn about the types of
specialists that are available to assist in the investigation of human factors, where they can be found and
when it would be appropriate to employ them. '

The Transportation Safety Board of Canada has developed and is implementing a course
to specifically prepare Canadian accident investigators to systematically examine the total context in which
an individual’s performance can trigger an accident situation. In addition to enhancing their basic
knowledge of human factors, the course aims to develop their skills in identifying and analysing safety
deficiencies in human performance, in drawing reasonable inferences from the investigation as to cause
and contributing factors, and in recording relevant human performance data for macro-analytical
purposes. The training program is a one-week, residential course with a mixture of classroom
presentations and practical exercises conducted in syndicates.

By better understanding the context in which normal, healthy qualified personnel find
themselves facing an accident situation, effective measures can be developed to reduce systemic safety
deficiencies and thus reduce the risk that an individual can create a triggering event that will slip through
the inherent defences in the aviation system. This paper examines how the TSB is meeting this challenge.

Peter Harle is a graduate mechanical engineer and a former military pilot. For 26 years,
he served in Canada, the United States and Europe in pilot training and air operations. Retiring in 1985
as a colonel, he became an investigator and safety analyst with the former Canadian Aviation Safety
Board. Today, he is the Director, Accident Prevention in the Transportation Safety Board of Canada. He
is currently responsible for the analysis of safety deficiencies in the marine, rail, commodity pipeline and
aviation modes of transportation, with particular emphasis on the analysis of human performance issues.
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DEVELOPING HUMAN FACTORS SKILLS

MORNING SESSION CHAIRPERSON:
DR. NIKOLAI STOLYAROV (RUSSIAN FEDERATION)

Dr. Nikolai Stolyarov (RUSSIAN FEDERATION)

- Dr. Nikolai Stolyarov is the Director of the Ergonomical Department of Russia Scientific

Research Institute Air Navigation. He is the head of science development of Human Factors problems
in Russia Civil Aviation and is the author of several training programs for flight crew members. He
graduated as "Candidate of Technical Sciences on Operations of Air Transport" and "Doctor of Technical
Sciences on Ergonomical Questions”. He worked for the Tupolev Design Bureau in development of
military and civil aircraft. Mr. Stolyarov is a member of the Bilateral Russian-American Co-operation
in the field of Aviation Medicine and Human Factors. He is also a participant in the ICAO Flight Safety
and Human Factors Study Group. '

HUMAN FACTORS TOPICS IN CANADIAN PRIVATE PILOT TRAINING
By Insp. Arlo Speer (CANADA)

Instruction given to Private pilots is fundamental to future pilot performance. Human
Factors training must become integral to training at the Private Pilot level. Instruction in Human Factors
has been a part of effective instruction for years; it is how being formalized. Mr. Speer will outline
Canadian initiatives for the integration of physiology and psychology (including pilot decision-making)
into private pilot training. He will review Canadian desires for research that (1) identifies Human Factors
skills for various pilot licences, (2) determines effective strategies for teaching and evaluating Human
Factors, and (3) increases instructors’ knowledge of how to incorporate Human Factors-training into all
courses.

Arlo Speer is Superintendent of Flight Training with Transport Canada. He holds a
Masters degree in Education specializing in Measurement and Evaluation. He completed graduate work
in curriculum design, teacher education and supervision and is currently pursuing doctoral studies in
performance testing and certification testing. Mr. Speer has served as a pilot, flight instructor, classroom
teacher, high school administrator, and college tutor in teacher training. He has operated flight training
units in Canada and served as a Transport Canada field inspector for eight years.

THE DEVELOPMENT OF HUMAN FACTORS SKILLS AND PROFESSIONAL ATTITUDES
By Dr. B. Schir (SWITZERLAND)

For SWISSAIR, the HAD programme serves to ensure that pilots are éapable of
guaranteeing safe, reliable flights thanks to optimum cockpit resource management. (CRM).

At SWISSAIR, our flight training and recurrent training programs of our pilots have long
included elements acknowledging the need for a balance between technical and non-technical skills.
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Among elements of our training program that take the human factor into consideration
are: Line oriented Simulation (LOS), Line Oriented Flight Training (LOFT), safety awareness programs
and combined cockpit/cabin emergency courses.

With the aim of finding a comprehensive, systematic solution; the HAD CONCEPT was

approved in 1991.

1.

The HAD Concept is composed of three main elements:

Elerhentary Training during basic instruction for trainee pilots attending the SWISS
AIR TRANSPORT SCHOOL. This training delivers fundamental knowledge and
establishes attitude and behaviour patterns for the entire career of the airline pilot.

Training of the Trainers, i.e. the ground and flight instructors. The rationale for this
part of the program is that the success of the HAD Training rests on the availability
of capable and inspirational instructors.

Regular and specialised HAD Refresher Courses for all cockpit crew at 2-year
intervals. For SWISSAIR, this repeated training on human factor skills is a

prerequisite to ensure a lifelong adequate level of proficiency.

The Concept’s major characteristics are:

It is embedded within corporate management (corporate commitment). Hence, the
program is granted considerable significance.

Standardised requirements and company-specific needs are taken into consideration
(e.g. corporate culture, management principles).

The program is practice-oriented and integrated into other aspects of training and
deployment.

The program is clearly geared toward lifelong, continual development.

Input is drawn from specially selected line pilots as co-trainers, and next-m—lme
superiors to Fleet Chief Pilot and Chief Flight Instructor.

Course content is flexible, reflecting to developments of modern technology.
Responsibilities are clearly designated. Head, Flight Crew Training is responsible
for Elementary Training and Training of -the Trainers. Head, Cockpit Crew is

responsible for the HAD Courses for line pilots.

A management committee ensures the coordination and administration of the overall
program. :

As a comprehensive, integrated program HAD represents an innovation, the need for
which is undisputed. It serves as a vehicle for many important changes. Moreover, it is complex,
difficult and tricky to implement.
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Through pragmatic, practice-oriented application, SWISSAIR is confident of bemg able
to implement this ambitious programme successfully.

The program reflects international developments and trends. SWISSAIR is prepared to

make its program available for the benefit of safety and prosperity of international civil aviation.

Dr. Beat Eduard Schar was born on 31 December 1944 in Solothurn, Switzerland. After
having obtained his Military and Civil Professional Pilot licence/Flight Instructor in 1968 and 1969, he
graduated from the University of Berne with an MBA (1977) and Ph.D. (1983). He flew for the Air Force
as a Flight Instructor (1967-1990), Chief Flight Instructor (1977-1984), Commandant Pilot Schools Swiss

Air Force (1986-1990) and Commandant Surveillance Wing Swiss Air Force (1990-1991). He worked ‘

also since 1967 as a Civil Flight Instructor, and he is working now since 1 July 1991 as the Head of
Flight Crew Recruiting and Training of SWISSAIR.

CREW RESOURCE MANAGEMENT TRAINING - PAST, PRESENT & FUTURE -
By Mr. Douglas Schwartz (USA)

When ICAO last convened a Flight Safety and Human Factors Symposium in
St. Petersburg three years ago, I had the privilege to report on the history and use of Crew Resource
Management (CRM) training in the international airline community. That presentation chronicled three
generations of CRM training spanning a ten year perlod The paper concluded with predictions of what
the future held for CRM training.

The paper to be delivered in Washington will briefly review that history. It will then
focus on the period since the meeting in St. Petersburg which has seen a flurry of activity in the CRM
world. Among recent events that will be addressed ...

The term Cockpit Resource Management has been replaced with the term Crew Resource
Management implying a broader context for the training than originally intended.

The consensus that human factors training is important has become more focused. Today
there is growing agreement that while flight crew members need a body of technical knowledge and skill
to perform effectively, they also require a body of non-technical knowledge and skill as well. CRM
training has become the vehicle to fill this void. ' '

It has become clear that a CRM course alone is inadequate to address the needs of the
operational community. Today, we think in terms of a CRM training system that will introduce, foster
and reinforce the use of CRM knowledge and skills on the flight line. This systemic approach more
carefully defines long term objectives, measures progress toward those objectives and invites stronger
organizational commitment. :

The prevalence of automated technologies in todays cockpits, changes in crew
compliments, and multi-cultural dimensions to crew pairings have also put new expectations of the role
of CRM training.

These, and other facets of the current state of CRM training will be explored. The paper

will conclude with a brief discussion of where CRM will go in the future, suggesting that perhaps it will

disappear, as the "technical” and "human factors" components of crew training merge into one.
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Douglas Schwartz is the Deputy Director of Flight Standards, Flight Safety International
(FSI1). He began his flying career in 1974 and has been with this company since 18 years as simulator
instructor, flight instructor and training center manager. Currently, he is responsible for co-ordinating
flight and training standards among FSI’s network of pilot training centers. He is also responsible for
design, implementation and delivery of CRM training programs and has worked with CRM for ten years.
He is a member of the Flight Safety Foundation International Advisory Committee; and the Air Transport
Association AQP Committee. He is also a frequent contributor to the ICAO Flight Safety and Human
Factors Regional Seminar Programme.

CRM PROGRAM DEVELOPMENT: A TIME FOR INTERACTION
By Mr. J. Norman Komich (USA).
For over a decade now, the aviation industry and the airlines in particular, have all been

great proponents of CRM Training. There have been a plethora of papers presented on the need for and
benefits of formal CRM Training. However, and most unfortunately, there is little formal guidance on

- HOW to conduct such training; there is no single common reference at the Library of Congress titled

"CRM Program Development: Years One Through Ten." It has basically been left to the ingenuity of
the individual program developer with references from a few dedicated psychologists in academia. While
effective in the initial stages of a CRM program, such an approach ultimately suffers from the law of
diminishing returns when restricted to just those individuals within one company.

Keeping recurrent training fresh, stimulating, and productive, training new captains and
first officers, incorporating flight attendants, training check airmen, effectively developing LOFT
Scenarios, training CRM Facilitators, and most importantly, treating the recalcitrant pilot who is
probably the biggest threat to aviation safety but who can pass his periodic checkrides with metronomic
regularity are some of the issues that are currently being addressed at many air carriers. Yet there is little
or no interaction between carriers on how to most effectively address these issues. The resultant parallel
reinventions of the wheel are too costly in time and effort in keeping the margin of safety in commercial
aviation as high as it can be. There is a need now throughout the international aviation arena to share
what works (The Good), what doesn’t work (The Bad) and how to effectively handle the Recalcitrant
Pilot (The Ugly) in CRM Programs. This paper describes the problems and provides some solutions.

Mr. J. Norman Komich is a line pilot with a major air carrier where he is the CRM
Program Developer. He has attended eight other CRM Programs and assisted in the development of
CRM Programs for three other air carriers. Since 1985, he has spoken on three CRM issues at the Ohio
State International Aviation Psychology Symposium and in 1991 he conducted a workshop on "CRM
Scenario Development: The Next Generation”.

CRM: FEEDBACK AND APPRAISAL SYSTEM
By Ms. P. Antersijn and Ms. M. Verhoef (NETHERLANDS)

Taking "non-technical” training seriously, it is important to regularly evaluate the training
package/approach. In 1987/88 KLM started to develop a new approach: structurally integrate
non-technical training in the training/counselling process of pilots / F/E: '

Non-technical training should not be a once-only activity.

Instructors must have the necessary tools (consequences instructors training)
Every pilot / F/E must know what is expected from him/her.

Responsibility of management in this, and acceptance of all pilots / F/E’s,
is essential.

P
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The Feedback & Appraisal System (FAS) plays a crucial role when counselling non-
technical skills. The FAS consists of five main categories (WORK ATTITUDE, INFORMATION MANAGEMENT,
LEADERSHIP, STRESS MANAGEMENT, CO-OPERATION) with 14 subcategories. Of each subcategory a short
definition, the matching behavioral components and a description of the desired/undesirable behaviour is
given. On 1 July KLM started a try-out with this system. The first results will be presented during the
symposium.

After her study Educational Technology at the Technical University Twente in the
Netherlands, Patricia Antersijn entered KLM Flight Operations Division in 1987. To familiarise herself
with the cockpit environment she completed the A310 and 747-300 groundschool training. In.her job she
has, among other things, done research into the field of Human Factors and Cockpit Resource
Management. She is one of the participants who are responsible for the new set-up of the Crew
Management Courses, the development and introduction of a Feedback and Appraisal System for
non-technical skills for cockpit crew members and the development of a new training for groundschool,
simulator and route instructors. At the moment she is working as a staff member of the Flight Crew
Training Centre.

Marieke Verhoef studied Educational Technology at the University of Amsterdam in the
Netherlands. During that time she did research on how to improve learning performance. She entered
KLM in 1987 as cabin attendant. During that period she became familiar with the line operation and crew
scheduling etc. In 1989 she moved to the training department and was responsible for the development
and execution of a management course for the cargo department, and a station managers course. In 1990
she joined the KLM Flight Crew Training Centre. To get familiar with the cockpit environment, she
attended the A310 groundschool and simulator training. She participated in the development of the
Feedback and Appraisal System for non-technical skills for cockpit crew members and is also responsible
for the development of a complete new set-up for the training of groundschool, simulator and route
instructors. At the moment she is working as a staff member of the Flight Crew Training Centre.

DEVELOPMENT OF HUMAN FACTORS SKILLS AND PROFESSIONAL
ATTITUDE OF OPERATIONAL PERSONNEL IN KOREAN AIR TRANSPORT INDUSTRY

By Prof. Soon-Kil Hong, Ph.D. (KOREA)

The paper briefs the major aviation accidents and their causes during the last 30 years in
Korea. The paper discusses the present status of human factors training for operational personnel to
improve flight safety by the two flag carriers, Korean Air and Asiana. The paper also considers the
planned efforts to develop human factors skills and attitudes of professional operational personnel by
Korea Air and Asiana. The paper particularly studies whether there should be any different human factors
training because of different cultural norms (Oriental Culture Confucianism: vs. Western Culture:
Christianism). The preliminary research demonstrates that (1) The qualification of captain as team leader
is the most important factor and (2) To improve effective teamwork and co-ordination of cockpit crews,
personal relationship among crew members based on schools (educational background), military
experiences, native places, seniority and etc., should be carefully considered.

Born on March 15, 1942 at Chong-Ju City, Korea. B.A. and M.A from Seoul National
University. M.A. and P.h.D. from the George Washington University (Aviation Policy and Law).
Experienced in aviation industry and research during 20 years (General Manager of Intermational
Relations, Planning, Marketing, Hong Kong and Washington, D.C., of Korean Air). Represented Korean
Government and Aviation Community at numbers of multilateral and bilateral conferences such as ICAO,
IATA, OAA, Korea-US air talks and etc. Presently Professor and Chairman, Department of Aviation
Administration, Hankuk Aviation University. Executive Director of Korean Association of Air Law.
Adviser to Ministry of Transportation and Korea Airports Authority. Wrote four books and many articles
including Aviation Policy-Making in Korea in English (1990).
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AFTERNOON SESSION CHAIRPERSON: MR. JAMES P. STEWART (CANADA)
Mr. James P. Stewart (CANADA)

Mr. James P. Stewart joined the Department of Transport as an aircraft accident
investigator in 1981 after a twenty year career with the Royal Canadian Air Force and the Canadian
Armed Forces. In the military, Mr. Stewart accumulated over 7000 hours flight time as a crew member
and pilot on a number of different aircraft types, including large transport aircraft.

For six years Mr. Stewart was employed by the military and Transport Canada as an
aircraft accident investigator. In 1984, Mr. Stewart joined the newly formed Aviation Safety Programs
Branch of Transport Canada as an accident prevention specialist. Later that year he was appointed
Chief, Aviation Safety Analysis and Research. In 1987, Mr. Stewart was appointed Director, Aviation
Safety Programs. With the formation of the System Safety Directorate on 1 April, 1991, Mr. Stewart was
appointed Director General, System Safety.

Mr. Stewart has received specialist safety training from the University of Southern
Cahﬁorma the United States Air Force, the Canadian Armed Forces and Transport Canada. He is the
President of the Canadian Society of Air Safety Investigators and Canadian Councillor to the International
Society of Air Safety Investigators. Until his appointment as Director General, System Safety, Mr.
Stewart served as the Canadian representative to the International Civil Aviation Organization Human
Factors Study Group. He has been published in various international safety journals and spoken at
numerous international safety seminars.

AIM, AIRCREW INTEGRATED MANAGEMENT _
A MANUFACTURER’S EXPERIENCE IN CREW RESOURCE MANAGEMENT
By Mr. Eddy L. Racca (FRANCE)

For Airbus Industrie and Aeroformation, since the beginning of the launching of the first
Airbus, the paramount idea has been to obtain the best safety.

To do so, we have obviously used all the tools given by the technology, and also from
the first transition courses given in 1972 with the first Airbus A300, we tried to integrate as much as
possible, the Human Factors aspects within the technical ones.-

In this context, we decided to do again better in 1990, and to introduce in our transition
courses, a Crew Resource Management module.

Our CRM course is named AIM, Aircrew Integrated Management, as it is fully integrated
within the technical training of the transition course for crew members, throughout the five weeks they
spend in our center.

It is the first attempt of an aircraft manufacturer to address in such a way, the Human
Factors component of crew performance in the customer training.

In this paper, we will describe :

- the evolution of our concepts of Human Factors throughout the years
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- the process of implementation of this course, that has been a joint effort between
Flight Safety International and Aeroformation

- the content of course

- the feedback from the trainees and the impact of AIM on the results at the end of the
transition course

- the analysis of the survey conducted with the help of the University of TEXAS
(CMAQ = Cockpit Management Attitude Questionnaire)

- the projects of extension of AIM to the other categories of trainees

Mr. Eddy L. RACCA born in 1934, completed his initial studies in Marseille, France, then
in Paris at the French National School of Aeronautics and Space. He joined the French Flight Test Center
of Istres in November 1960 as an Air Force officer, then, in December 1961 as a civilian..He was
graduated as a flight test engineer by the Flight Test Pilots School of Istres in July 1963. From this date
to March 1988 he acted as a Flight Test Engineer in charge of arresting barriers tests, then of civil
aircraft airworthiness, going from the gliders and light aircraft to the corporate aviation airplanes and
commercial airplanes. As such, he flew 6.000 hours as an engineer and 2.550 hours as a pilot, on 278
different types of aircraft, with 428 different pilots (a good preparation for the human factors !). In April
1988 he joined Aeroformation, a subsidiary of Airbus Industries, that implements the training of Flight
Crew members and maintenance people of Airline buying Airbus airplanes, in charge of Human Factors
studies department, and is now Senior Director General Research. His areas of interest are, among
others, Cosynus the data base system for trainees, AIM, the Aeroformation’s CRM course fully integrated
in the transition course for the Airbus aircraft crew members, and relations with university for different
researches in the area of training, crew communication, eic.

A HUMAN FACTORS COMMITTEE
Capt. Flemming Kirkegaard

The paper covers the organizational set-up, composition and function of a Human Factors
Committee an a smaller civil aviation administration. The purpose of the committee is to advice the
Director Aviation Inspection Department on any Human Factors related subject which may have a bearing
on flight safety.

The committee numbers 5 members from various parts of the aviation industry.

The committee has discussed the most often recorded cause factor in aircraft accidents -
deviation from basic operational procedures - and concluded that a strong defence against deviation might

easily be established.

Captain Flemming Kirkegaard has flown for 33 years as a fighter pilot/flight instructor
in the airforce and captain in SAS. He has 15,000 hours on medium and heavy aircraft. He has been

a chiefpilot on DC-9/MD-80 aiecraft in SAS. He is chairman of the Danish Civil Aviation Administrations .

Human Factors Committee and is flying MD-80.
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THE DEVELOPMENT OF HUMAN FACTORS SKILLS AND PROFESSIONAL ATTITUDES
By Capt. Hans Sypkens (IFALPA)

IFALPA thinks of training for Human Factor Skills and developing Professional Attitudes
as of high value. Worldwide developments have come a long way but still we can improve a lot. '

At the same time however we recognise that training, how necessary though, is only one
part of the "aviation system" in the effort of maintaining and improving flight safety.

There is some kind of paradox here. The better training pilots receive, e.g. by enhanced
Human Performance training, the better they can cope with existing deficiencies present in the "aviation
system”. In other words, we create a Super Keeper able to stop more and more mistakes made earlier in
the game. However this does not help much in the end when not addressing at the same time the latent
failures in the organisation, including the decisions which led to them. Not having such a strategy will
produce a very busy Keeper who indeed needs all of his new learned skills.

This is not an argument against such programmes as CRM and LOFT, on the contrary.
But a strategy not eliminating latent failures will set up pilots to make errors in spite of such training.

IFALPA recognises the need of formal education in all aspects of Human Factors for
Ab-Initio pilots. We are convinced of the large positive effects when this education is fully integrated in

- the first years of the basic training. All successive training has to consolidate or enhance this basic

training. The objective being that in the end all training is "Human Performance Impregnated”. Even
when starting today it still takes a whole career’s time to train every pilot in this manner. In the meantime
we need Human Factors "conversion" courses of an unfortunate duration of a couple of days or weeks.
In this view the CRM courses as we know them today are not the permanent solution.

Consequently IFALPA thinks Recurrent Training in Human Factors Skills is very
important. We do, as with technical skills, need feedback on such a skill as decision-making or feedback
on leadership style to improve ourselves. Both examples are shown in behaviour patterns as with many
other "non-technical” matters. Since we are looking for effective behaviour patterns in the cockpit, at the
same time knowing that behaviour can be observed and measured, it is most promlsmg to receive feedback
on behaviour components during debriefings.

J.G. (Hans) Sypkens studied Mechanics for four years at the High Technical School.
Besides line-flying on the DC-10, a Flight Instructor and Type-rate Examiner on this type of aircraft.
CAA examiner. Served the Human Performance Committee of IFALPA for eight years of which four years
as Vice-Chairman and the last two years as Chairman. Founding member of the Dutch Human Factors
Advisory Group (HUFAG). Chairman of the "non-technical” Working Group of the local CAA. Member
of a KLM Working Group developing a Feedback and Appraisal System for cockpit behaviour patterns
of pilots.

HUMAN FACTORS AND TRAINING ISSUES IN
CONTROLLED FLIGHT INTO TERRAIN (CFIT) ACCIDENTS AND INCIDENTS

by Capt. Roberto Arostegui (ARGENTINA) and Capt. Daniel Maurino (ICAQ)

Controlled flight into terrain (CFIT) occurrences are a topmost concern within the
international aviation safety community. Recent statistics suggest that close to 45% of aircraft losses
during the last ten years can be accounted under this category. This has led major international
organizations, including the International Civil Aviation Organization (ICAO), the Flight Safety
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Foundation (FSF) and the International Air Transport Association (IATA), to multiply their endeavours
to reduce CFIT accidents and incidents.

Proposals to reduce CFIT occurrences rest on the time-honoured, three-legged stool

aviation has favoured for decades: engineering and design, regulation and enforcement, and training,
including Human Factors training, or any combination of these approaches thereof. These piecemeal
solutions are mostly directed towards operational personnel. Human Factors is in particular one area where
misconceptions about potential solutions may abound. It is essential to put the Human Factors issues of
CFIT occurrences and their training solutions into context tc avoid such misconceptions as well as flawed
allocation of resources as a consequence of partial solutions.

This paper takes as point of departure that CFIT accidents and their potential solutions
should not be considered as particular or isolated events, but rather within the greater context of the
aviation system within which they occur. It is further argued that unless the system supports those who
have the last opportunity to provoke or avoid CFIT occurrences --pilots and controllers-- design,
regulation and training will have limited success. A system approach to the understanding of the causes
of CFIT occurrences is advanced as essential to avoid piecemeal approaches to reduce such occurrences.

A contemporary, system-oriented approach to accident causation and prevention must be the unchallenged

partner to design, engineering and training in the quest for reducing CFIT occurrences.

Capt. Roberto Arostegui is Vice-President, Flight Training, Aerolineas Argentinas, and
as such the Manager for the airline’s Flight Training Center in Buenos Aires, Argentina.

Capt. Arostegui started his flying career as a naval aviator in the late sixties. During his
tour of duty as naval officer, he flew transport and search and rescue missions and he was also an
instructor pilot at the Naval Academy. He joined Aerolineas Argentiinas in 1975, where in addition to his
flying duties, he has held several training and management positions. In addition, he was President of
the Argentine Airline Pilots Association for the period 1982 to 1984.

His experience includes more than 10 000 hours, with type ratings as Capiain in HS-125,
Douglas DC-3, Grumman Albatross HU 16B, Fokker F28, Boemg B737, Boeing B727-and Mc Donell
Douglas MDS&0.

Captain Dan Madurino is the Secretary of the ICAO Flight Safety and Human Factors
Study Group. After obtaining a degree in education, he joined Aerolineas Argentinas, where he held
several management positions, including that of Training Manager for the airline.

In 1988 he joined CAE Electrom'és in Montreal, Canada, to participate in a flight
simulator training research programme. In May 1989, he joined ICAO with the respons;bzlzty of
developing and implementing the Organization’s Human Factors programme.

Dan is a member of the Human Factors Society (HFS) and of the International Soczety
of Air Safety Investigators (ISASI).

ENHANCING THE IMPACT OF HUMAN FACTORS TRAINING

By Mr. H. Thomas Heinzer (USA)
New training techniques are emerging with promise measurable increases in crew

performance in terms of "human factors”. Such techniques extend the results of such training beyond that
previously available from so-called "awareness” training. At the same time, new training regimens are
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being used to moderate the impact of organizational influences which can contribute to crew-preventable
accidents. The two kinds of training, in concert, offer the prospect of significantly reducing the incidence
of human-preventable accidents.

Mr. Heinzer serves as Director, Training Standards for SimuF lite Training, International
which provides Advanced Simulation Training for Airline, Corporate and Military Clients. He is

_responsible for Standardization, New Training Development and Government Affairs for SimuFlite. He

brings 20 years of Instructing and Training Management experience in addition to his 4 000 hours of
Corporate, P.135 and Instruction time to his present position. He earned a B.S. in Physics from
Georgetown University, and a Masters in Business Administration from Florida Technological University.

Tom serves on the Air Carrier Working Group of the ARAC Training and Qualification
Sub-committee, ATA’s Advanced Qualification Program Working Group and has been an active member
of GAMA'’s Safety Affairs Committee for six years.

HUMAN FACTORS RESEARCH DATA APPLIED TO THE
TAKEOFF SAFETY TRAINING AID

By Capt. William C. Roberson and Dr. William D. Shontz, Ph.D. (USA)

The Boeing Company has led a group of airframe manufacturers, airlines, pilot groups and
government/regulatory agencies in developing the Takeoff Safety Training Aid that has been distributed
to a large portion of the airline industry. In support of the development of this training aid, a simulator
study was useful in obtaining a better understanding of the areas in which crew performance can be
improved. The study also provided a baseline of performance that could be used to confirm that the use
of the Aid does provide improved performance.

The study was conducted in a B737-300 full flight simulator at the Boeing Customer
Training facility to evaluate pilot decision making and performance under various situations in which
decisions on whether or not to reject a take off had to be made and executed. A total of eight (8)
situations were defined in which Go/No Go decisions had to be made near V1 speed. Subjects included
24 Boeing instructor pilots and 24 line pilots from five different airlines. The sequence of events the
pilots met was carefully balanced across the subjects to control for learning effects. The results of the
study are reported as quantitative data on RTO decisions, stopping performance, and procedure
accomplishment plus a summary of data derived from post-run debriefings of the airline pilots. -Lessons
learned, conclusions, and recommendations for RTO training are presented.

How this study was used to develop example training scenarios and how this new training
has been incorporated into simulator training will be reviewed.

‘ Captain William C. Roberson, Senior Instructor Pilot, Flight Crew Training, Boeing
Commercial Airplane Group, maintains instructor currency in the 737, 757, and 767, and was co-manager
of the Takeoff Safety Training Aid development program.

Bill received his bachelor’s degree in Aeronautical Engineering from the U.S. Air Force
Academy in 1973 and his master’s degree in Aeronautical and Astronautical Engineering from Stanford
‘University in 1981. He has also attended flight test courses at the University of Tennessee Space Institute.

Bill is a command pilot in the U.S. Air Force Reserve flying the C-141.
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In addition to flying jobs, Bill also spent four years as an Assistant Professor of
Aeronautics at the USAF Academy teaching aircraft performance, stability and control, aircraft design,

and flight test. During this time, he continued to keep up his flying by instructing in various light aircraft

along with the DH-6, Twin Otter.
Dr. William D. Shontz, Ph.D., is the technical lead on several projects within the Systems
Awareness Program which he manages. The projects involve development and testing of advanced flight

deck systems concepts.

Bill received his Ph. D, degree in Experimental Psychology from lowa State University

in 1967 and his M.S. degree in Industrial Psychology from ISU in 1959. He also was a medium transport

pilot in the Air Force.

Dr. Shontz has 12 years experience conducting human factors studies and human
performance research in aerospace and commercial airplane companies. He also has 18 years experience
teaching and conducting research in applied behavioral science topics.

HUMAN FACTORS TRAINING FOR AUTOMATION

MORNING SESSION CHAIRPERSON: PROF. EARL L. WIENER, PH.D. (USA)
LIFE IN THE SECOND DECADE OF THE GLASS COCKPIT
by Prof. Earl L. Wiener, Ph.D. (USA)

As we enter the second decade of highly sophisticated airline cockpits, it would seem wise
to take stock of the lessons learned, and the problems yet to be solved.

First always is safety. The glass cockpit aircraft have distinguished themselves with the
best safety start-up period in air transport history. At the time of this writing, there has never been a
serious accident involving a U.S.-operated glass cockpit aircraft. Still safety problems remain, and the
professions cannot relax their vigil. Problems of mode confusion, possibly of situational awareness, and
of locally excessive workload still must be addressed by both the research and the operational community.

Training for advanced technology aircraft is an area that has still not been worked out to
the sansfacnon of the airlines, particularly for pilots transitioning to glass aircraft for the first time. Some
novel solutions, including pre-ground-school introduction to aircraft automation (IAA), pioneered by Delta,
are now being introduced by other air carriers, and appear to be quite effective.

Crew coordination and CRM for the advanced cockpits has only recently been examined
by the research community. As this research matures, it will probably point the way for better
management in the cockpit. It is clear that the glass cockpits tend to be "management intensive". How
to handle this phenomenon is less clear.

Cooperation between the research community and the user community has been excellent.
In the decade ahead, researchers will have to confront more of the "fuzzy" problems of modern flight, such
as situational awareness, complacency, and- the influence of automation on crew coordination and
communication.
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Earl L. Wiener is a professor of Management Science at the University of Miami. He
received his B.A. in psychology from Duke University, and his Ph.D. in psychology and industrial
engineering from Ohio State University. He served as a pilot in the U.S. Air Force and U.S. Army, and
is rated in fixed wing and rotary wing aircraft.

Since 1979 he has been active in the aeronautics and cockpit automation research of

NASA’s Ames Research Center. Dr. Wiener is a fellow of the Human Factors Society and the American

Psychological Association, and has served as president of the Human Factors Society. He currently
serves on NASA’s Aerospace Research and Technology Subcommittee, and the FAA’s Research,
Engineering, and Development Committee.

He is the co-editor (with David Nagel) of Human Factors in Aviation, published in 1988

" by Academic Press, and a forthcoming book, Cockpit Resource Management (with Barbara Kanki and

Robert Helmreich), also from Academic Press.

MANAGING THE MODERN COCKPIT —
A MANUFACTURER’S VIEW

By Capt. C.L. Ekstrand (USA)

The last decade has seen the introduction of many high-technology airplanes into the air
transportation system. These high-tech airplanes have typically included flight decks with a highly
integrated Flight Management System (FMS) which among other elements, include Flight Management
Computers (FMC’s), electronic displays, advanced capability autopilot/flight director systems, and
centralized crew alerting systems. Some allege they have also introduced a host of problems in terms of
effectively utilizing the nw technologies. It has been suggested they are, on balance, taking the pilot out
of the loop.

Some detractors would suggest that we need to return to less sophisticated flight decks.
Others say we need to make significant changes in the new technologies to fully meet the needs of pilots.

Available data, however, gives little support to the arguments of those who would seek
to undo what has been done or suggest significant design change is necessary. However, not all is well.
High-tech airplanes have provided many tools which have potential to be a detriment if not properly used,
resulting in an environment of complacency where pilots allow themselves to get “"out of the loop".

: There are many factors which are essential in assuring that we effectively and responsibly
utilize the vast capacity provided by high-tech flight decks. No factor is more important, however, than
the operating strategies that flight crew employ in use of automation and the related training that assures
the strategies are appropriately applied.

Highly successful operating strategies and training must recognize and respond to needs
of new technology airplanes and to changes in the operational environment. The near life-like reasoning
capability of the FMC becomes much like a third person on the flight deck and, if misused, disrupts the
desirable man/machine relationship where humans work effectively together to interface with the machine.
Because of this potential the man/man/machine relationship must be conscmusly and deliberately managed
and trained-to in order to optimize the outcome.

This paper examines perceived problems with high-tech flight decks and examines
opportunities for improvement through operating strategies and training.
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Captain Chester "Chet” Ekstrand, is currently Director - Flight Training and Industry
Regulatory Affairs for the Customer Services Division of the Boeing Commercial Airplane Group. He has
responsibility for flight crew and flight attendant training, as well as airline support responsibilities

including development of airplane operating and training manuals. Additionally; he is responsible for

liaison with regulatory authorities and industry groups on issues related to the inservice operation of
airplanes.

Chet began his Boeing career 26 years ago and has been qualified in one or lore
crewmember positions on the 727, 737, 747, 757 and 767 airplanes. Prior to assuming his current
position in October of 1991, Chet has held positions as Instructor Flight Engineer, Instructor. Pilot,

Assistant Chief Pilot - New Airplanes, Chief Pilot - Flight Training and Director - Flight Crew

Operations.

In addition to training airline crews, Chet has been extensively involved in flight crew
related technical activities including flight deck design and flight test. He has also been involved in
industry activities and issues, particularly those associated with flight safety. He was the prime Boeimg
pilot focal point for development of the FAA Windshear Training Aid and had overall responsibility for
the development of the recently completed Takeoff Safety Training Aid. ‘

FUNDAMENTAL ENGINEERING TRAINING OF FLIGHT PERSONNEL
AS A MEANS TO MAKE HUMAN FACTORS MORE ACTIVE IN AVIATION

By Dr. P.V. Nazarenko and Dr. ML.F. Davidenko (RUSSIAN FEDERATION)

The increasing complexity of the design of a new generation of aircraft, the striving for

a reduction in operating costs by reducing the number of crew members and the implementation of new -

technologies in aviation require intensified fundamental engineering training of flight personnel which
makes it possible to train successfully operators of flying automated electronic systems. A new system
of flight personnel instruction, which combines the fundamental, humanities, general scientific, engineering
and professional training of flight engineers and pilots, has been implemented at the Flight Faculty of the
Kiev Institute of Civil Aviation Engineers. At all stages of instruction, there is goal-oriented training in
the area of the influence of human factors on flight safety. The new concept of flight personnel training
was successfully approved over a period of 15 years of experience in instructing flight engineers for
top-of-the-line aeroplanes. The concept has now been transformed into a training system for
pilot-engineers for a new generation of aircraft. '

P V. Nazarenko, Professor, Doctor of Technical Sciences, Head of the Kiev Institute of
Civil Aviation Engmeers

Michail F. Davidenko is Head of Flight Safety Department, Dean of the Faculty at the
Kiev Institute of Civil Aviation Engineers. He graduated from the mentioned Institute in 1954, then
worked as an engineer at Aviation Enterprises. While continuing his post graduate studies, which led to
a Candidate of Science Degree in 1966, he pursued his technical activities in the field of Atrcraft
Maintenance. M. F. Davidenko received scientific title of Professor in 1990.

His career as a scientist and educator is closely connected with the elaboration of Human -

Factor problems in flight safety. He has actively promoted flight engineers and pilot-engineers training
- on the concept of engineering knowledge and aircraft piloting experience.
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THE OTHER SIDE OF AUTOMATION — A CHALLENGE FOR PILOT TRAINING
By Capt. Dieter Schlund and F/0 Martin Wyler (SWITZERLAND)
1. Starting point

In order for pilots to be properly trained for work in modern cockpits, it is first necessary
to explore and determine the technical characteristics of the Advanced Technology Flight Deck and its
effect on the crew.

2. Characteristics of the advanced technology flight deck

The most outstanding features of the modern cockpit are the computation and display of
flight data, user-friendly controls, and a high degree of automation. For the crew, this means both a
greater level of situational awareness and a reduction in workload. All in all, the technological advances
have made for more efficient flight operation.

i Less obvious are the negative effects of technological advance, which can be described
as new risk factors. These can be summarized as follows:

— The increasing complexity of modern systems, one effect of Wthh is to hmder the
analysis of unforeseen errors.

~ An uneven workload during a flight, one effect of which is to heighten monotony,
thereby creating an opening for negligence. On the other hand, a sudden necessity
to deviate from the programmed routine may create an unexpectedly heavy
workload. :

— The deficiencies of software controlled systems, which increasingly dictate flight
operation and sometimes present us with supposedly digital precision derived from
erroneous data banks.

— The erosion of good airmanship, which must be understood as a human reaction to
the design of the Advanced Technology Flight Deck.

3. Consequences for training

The immediate priority is to raise cockpit crew awareness about the risks identified above.
As these are problems inherent in the system, they are not necessarily obvious to those affected.

New avenues will need to be explored in training. The theory aspects need to be
expanded to include computer technology and system networks as independent subjects.

- Complex systems need to be learned in a dynamic environment, for which computer based
training and simulators are very well suited. Integrated tramlng, i.e. combining theory and practice, 1s,
the ideal approach. ,

In order to learn about the various systems, training in resource management is essential.
SWISSAIR believes that implementing training in resource management and human aspect development
(HAD) as a partial substitute for line checks better serves the interests of flight safety.

Finally, initial and recurrent training must be conducted in such a manner that pilots have
full confidence in their basic flying skills.
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Capt. Dieter Schlund was born on 29 February 1944, in Zurich, Switzerland. He
graduated as a pilot from the Swiss Civil Aviation School in 1967. His career with SWISSAIR began in
1968 as First Officer on DC-9, CV-990 Coronado and DC-10. Then he was upgraded as Captain on DC-
9 (1976) and Fokker F100 (1987). In addition to flight service, Capt. Schlund.has performed various
duties such as route check, simulator and flight instructor. He also assumed management functions for
SWISSAIR since 1979, and is now the Head of Cockpit Crews and Chief Pilot since 1988. '

Martin Wyler, born May 6, 1954 in Lucerne, Switzerland. Gyrhnasium for economics
and study in economics at university of Zurich. Trained as a military pilot. Seven years full time military
pilot, mostly as a flight instructor (Switzerland also knows the militia airforce system, similar to the US

National Guard reserves). For three years member of the Swiss Air Force Aerobatic Team "Patrouille

Suisse”. Since 1991 commander of a F-5E reserve squadron.

Since 1983 first officer with SWISSAIR, initially on McDonnell-Douglas DC-9-30 and -50,
on Fokker F100, since 1992 on MDC MD-11. Member of cockpit management: one year as deputy chief
pilot Fokker F100, since 1990 assistant head cockpit crews.

TRAINING FOR COMPUTER ASSISTED FLYING (CAF)
By Capt. Matti Sorsa (IFALPA)

IFALPA wishes everybody to understand that training has no independent value as such.
Training is a part of the system where earlier decisions concerning hardware and software design of the
equipment, procedures and company policies behind them and the over-all socio-economic climate will
dictate most of the end result, flight safety.

Computer Assisted Flying (CAF) is a term we in IFALPA prefer for automation. The
basic function of the pilot has not been changed too much. The pilot is still the human tasked to be
responsible for the safe and economic execution of the flight. It is relatively easy to test this claim. You
only have to think of the possibilities of the pilot not to operate in a safe or economic manner. Thus,
as ever, it all ultimately rests on the shoulders of the pilots. Technical assistance has changed a lot during
the years, of course. At the moment the order of the day is the assistance provided by computers. We
think that CAF is an accurate term to describe what we are talking about.

When components change in any technological system, training should reflect that change.
It would be simplistic to approach this requirement by demanding that training should be directed at these
new components only; in this case computers and their effect on the autopilot. CAF demands a totally
different way of thinking. Due to its inherently totalistic nature we think it is essential that training is
not concentrated on the software and hardware as such. As the concept of operating aircraft is so deeply
affected it should be taken into account from the beginning. Thus, in practice, training for CAF should

be integrated with the effects of this level of technology on the essential functions of decision-making and .

communication as well as leadership concepts.

Training upwards along these lines requires that the training systems uses intelligently and
economically the CBT (Computer Based Training) and FTD (Flight Training Device) opportunities.
Perhaps the most important phase of the CAF training are the familiarization flights on the line. It cannot
be over emphasized how important it is to select the right people for the role of the route instructors.

It is understandable that especially in the case of the manufacturers tralmng the emphasis
is on the positive and advanced aspects of CAF. It is however operationally important to learn well when

you should not use some specific level of automation. In fact there are two kinds of redundancy,

voluntary and involuntary.
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We pilots in IFALPA feel that flying advanced airplanes, flying assisted by computers,
requires a truly wholistic training approach. The operational implications of the various levels of the
automation chosen or available for use should be made clear from the start.

Captain Sorsa is an active Airline Pilot flying Finnair MD-80 aircraft. He received a
Master’s degree in applied psychology from Helsinki University and specialized in Aviation Safety and

 Human Factors. He has been actively developing Human Factors training and the application of Human

Factors in accident investigation. Captain Sorsa is a member of the IFALPA Human Performance
Committee and IFALPA’s representative in the ICAO Human Factors Study Group. He has been an
active member in Western European Association for Aviation Psychology and a Secretary of WEAAP's
1985 Conference.

IMPROVING THE PROCESS OF THE SELECTION
AND TRAINING OF CONTROLLERS IN AUTOMATED ATC SYSTEMS

By Dr. E.L. Kan and Dr. L.G. Yunatova (RUSSIAN FEDERATION)

On the basis of a large number of actual medico-physiological and psycho-physiological
data, comprehensively characterizing the particular features of ATC controllers’ activities, the existence
of professional intellectual-emotional stress in this category of workers in the ATC process is formulated
and validated. The concepts of physiological reserves, tolerance and effectiveness of adaptation to this

-stress are identified. Specialized technical devices have been developed to identify medico-physiological

and psycho-physiological qualities which are important professionally for working in automated ATC
systems. A computer set of diagnostic tests using modern software has been developed and implemented.
Automated psycho-diagnostic hardware has been developed and approved for the operational assessment
of the level of development of the professionally important qualities of an ATC controller. The possibility
of developing these qualities in the controller instruction and training process is validated. It is
recommended that prolonged professional selection be conducted. This makes it possible to relax the
criteria for the preliminary professional selection of school-leavers and of candidates who wish to transfer
to work in automated systems. This is advisable given the low competition for educational institutions
and the implementation of an individual approach when allocating graduating students around airports with
different levels of complexity and according to the degree of automation. The results of the study
performed make it possible to formulate approaches vis-a-vis the process of training specialists and their
work in automated ATC systems.

AFTERNOON SESSION
CHAIRPERSON: DR. WILLIAM T. SHEPHERD, PH.D. (USA)
Dr. William T. Shepherd, Ph.D. (USA)

: Dr. Shepherd is manager of FAA’s Biomedical and Behavioral Sciences Branch in the
Office of Aviation Medicine. He is responsible for the Washington Headquarters Aviation Medicine
research program dealing with such topics as air traffic controller performance and protection of general
aviation aircraft occupants in accidents. Dr. Shepherd has B.S. and M.S. degrees in aerospace
engineering and received the Ph.D. in psychology from the University of Connecticut. He is a member
of the Human Factors Society and the Aerospace Medical Association. He is also a commercial pilot with
instrument, flight instructor and multi-engine ratings.
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PILOT’S STRATEGIES OF CREW COMMUNICATION IN ADVANCED
GLASS COCKPITS — A MATTER OF EXPERTISE AND CULTURE

By Ms. Claire Pelegrin and Dr. René Amalberti, Ph.D. (FRANCE)

The strategies of crew coordination of 40 Airbus A320 trainees representing' several
airlines from different continents have been analyzed during their regular training courses on the A320.

The experiment was sponsored by the French Civil Aviation Authorities (DGAC) and have
been jointly conducted by several National Research Labs in order to observe and record the differences

in crew coordination according to the level of expemse and some cultural factors such as the command

of English or the use of gestures.

Each crew has been simultaneously filmed from three different angles, during two
simulator training sessions, one at the beginning of the Full Flight Simulator training phase (FFS) and one
at the end of this FFS phase just before the final check. -

The analysis of sessions (horizontal analysis) systematically considers verbal

communication, gestures, and overall scanning of the two pilots. A classification of the methods of

communication and the resulting strategies of crew coordination emerge from this analysis. This
classification serves as a tool for comparing English native speakers and non English native speakers,
especially considering the change in the ratio between verbal and non verbal communication.

A second analysis (vertical analysis) compares the changes in communication strategies due to progress
in training (between-session comparison).

Results show various patterns of crew coordination deviating to a greater or lesser extent

from the laid-down procedures. What is important to consider is that these deviations are rarely due to an -

intrinsically weak professional level of pilots, but result more often from three external factors : poor
command of English, glass cockpit effect (change in task sharing and in the instrument panel), and
individual style of communication (which depends both on individual traits, cultural factors and on the
level of confidence in the other pilot).

A final discussion of these results may introduce some changes in trmmng methods and
subsequent improvements in flight safety

At first, Claire Pelegrin specialized in human sciences. Various experiences in.
psychomotor skill, in the field of public relations and organization were a good approach to the study of
human behaviour. She joined Aeroformation in 1988 in the General Research Department and deals more
particularly with the improvement of training from a human point of view. Concerning the human aspect,
she is in charge of COSYNUS (data acquisition system for aiding pilot training) aimed at improving the
pedagogical approach. On the other side, a data basis gathering trainees opinions aims at improving the

training performance. She also is involved in the training team for AIM (Airbus CRM course). She also

takes part in research programs held by research centers and universities.

Dr. René Amalberti, Medical doctor, Ph.D. Cognitive Psychology, Deéputy-head of
Aerospace Ergonomics Department of CERMA (Centre d’Etude et de Recherches de Médecine
Aérospatiale), Associated Professor University Paris VIII. Two books and over 100 national and
international papers published. Project-manager, Head of the research program on human factors aspects
of intelligent assistance in military cockpits (French Pilot’s assistant program). - Consultant
Aeroformation-Airbus for A320 pilot training. Consultant Human factors for the French Aviation
Authorities ("Bureau des Enquétes Aériennes" National enquiry board office). Lecturer at the OCAI
international turning seminar on "Human factors in aviation". Co-responsible for the French-American
military cooperation on Advanced cockpits (virtuals cockpits). '
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COMPUTER-BASED APPROACHES FOR
ENHANCING HUMAN PERFORMANCE IN AVIATION MAINTENANCE

By Dr. William B. Johnson, Ph.D.(USA)

Advanced technology computer hardware and software provides opportunities to enhance
the performance of aviation maintenance technicians. Maintenance tasks require that the technician be
properly trained and have access to technical information appropriate for each aircraft. Therefore,
improved training and information access is likely to enhance human maintenance performance.

. This paper describes the concept of integrated information systems for maintenance
environments. These systems capitalize on expert-system software technology to deliver simulation-based
training and real time job-aiding for troubleshooting. The systems operate on small desktop and portable
computer hardware. In addition, the systems are being designed to use "Pen" computers, that require
no keyboard and use a pen to write on the computer screen. The pen technology will permit easy access
to technical documentation as well as a convenient means for the technician to complete required
documentation of maintenance.

The paper and presentation will show specific examples of operational integrated
information systems.

Dr. William B. Johnson is the Vice President of the Information Division for Galaxy

- Scientific Corporation in Atlanta, Georgia, USA. He is the Galaxy program manager for the Human

Factors in Aviation Maintenance research program sponsored by the FAA Office of Aviation Medicine.

Dr. Johnson received his Ph.D. in Education from the University of lllinois. He is an
Airframe and Powerplant mechanic and a pilot. He has over twenty five years experience in the
development and delivery of vocational and technical education materials in secondary schools,
universities, and a variety of industrial and military environments. He has over seventy publlcatlons
related to the use of computers in technical training and working environments.

INSTRUCTIONAL QUALITIES OF A SIMULATOR AND H UMAN FACTORS
By Dr. L.M. Berestov and Dr. G.A. Meerovich (RUSSIAN FEDERATION)

Up until recently the measure of the efficiency of simulators has been whether the
achieved flight performance and other characteristics have been equal to those of the original aeroplane.
This principle is the basis of standards for simulators, for example, the FAA AC 120-40B standard. As
a result of research performed at the Flight Research Institute, another, we think, more progressive
principle is proposed - in addition to the requirements mentioned above - that is whether the piloting skills
acquired on a simulator are equal to those developed when instruction is given in flight on the same
aeroplane. The principles of direct assessment of instructional qualities do not contradict the principle
of the equivalence of performance, but rather they must be considered as corresponding to a higher level
of simulator evaluation. Such is the opinion of the part1c1pants of the Working Group on the development
of international standards for alrcraft simulators. '

The instructional qualities can be formalized and quantitatively determined on the basis
of the so-called "piloting references"; these are to be determined during the certification testing of an

aircraft. Their substance, tolerances and methods of expenmental assessment will be described in detail
in the paper.
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An important role in the development of the simulator instructional qualities is played by
the information field of the instructor’s console. The information field includes, on the one hand, the

piloting references for continuous and discrete control procedures and, on the other hand, the actual .

piloting parameters. A comparison of the actual parameters with the piloting references makes it possible

for the instructor not only to monitor operationally with a high degree of precision the actions of the

person being taught, but also to control the training effectively. In this way the principle of formalizing
the instructional properties, which is used to improve the simulator, makes it possible to increase
substantially the quality of the training process. As a result one notes a reduction in the negative influence
of human factors not only on the pilot, but also on the instructor. The paper intends to cover in deal the

results of many years of research which has made it possible to optimize the information field of the -

instructor’s console.

The last part describes the results of research on an important aspect of piloting skills, that

is ensuring the interaction of crew members. Here parameters such as the characteristics of separate
piloting, the identification of the pilot performing certain specific procedures and, finally, the monitoring
of conversations on the basis of acoustic references, are illustrated.

Dr. L. M. Berestov is currently Deputy Director for Science at the Flight Research Institute

of the Russian Federation Aviation Industry. He has been working at the Institute since 1957 upon
graduating from Moscow Aviation Institute. His research interests are in flight dynamics, identification,
in-flight simulation, organization and methods of flight testing and certification, airworthiness
requirements development. He is Professor of Moscow Aviation Institute. In 1990 he was awarded the
honorary title of Honoured Man of Science and Technology. He has been a member of the USSR
Delegation at the last three ICAO Assemblies, and taken part in the ICAO Flight Safety and Human
Factors Study Group. Dr. Berestov has published five books.

Dr. Georgy Meerovich is working at the Flight Research Institute since 1947. Heisa

prominent specialist in the field of flight testing, certification, flight simulator development, human factors.
He defended his candidate thesis on the ejection dynamics in 1954 and received his Doctor of Science in
methods of flight testing for airplane effectiveness evaluation in 1969. He is Professor of Moscow
" Physical and Technology Institute. Since 1954 he is Head of the Laboratory for Training Methods and
Aids, a member of the Working Group for developing international requirements to flight simulators. He
has published a number of books . mcludmg Large System Effect, Flight Simulators and Safety of Flight,
Certification Tests.

TAXONOMY AND MODELS FOR HUMAN FACTORS ANALYSIS
OF INTERACTIVE SYSTEMS: AN APPLICATION TO FLIGHT SAFETY

By Dr. P. Carlo Cacciabue and M. Pedrali (ITALY) and E. Hollnagel (DENMARK)

This paper discusses how the problem of handling human erroneous behaviour can .

appropriately be studied by a framework that comprises four modelling phases, namely: the consideration
for a paradigm of human behaviour; the development of a taxonomy for the consideration of human
erroneous actions, which maintains a logical connection between causes-manifestation and consequences
of human erroneous behaviour; 3) the evaluation of appropriate tables of the taxonomy and correlation
with the working environment able to account for the actual domain of analysis and the Human-Machine
Interaction (HMI) process; and 4) the assumption of a human factor approach offering different levels of
complexity for tackling a variety of problems.



Circular 243-AN/146

Such type of analysis can be carried out either in a retro-spective or in a pro-spective way.
In this manner, the evaluation of already occurred events (retro-spective) can be performed identifying the
detail link existing between the actual working environment and the model/taxonomy framework.
Similarly, the study of hypothetical future events (pro-spective can then be dome in a consistent manner
with the dynamics of the HMI and the reality of the work domain, '

The current research and development of the taxonomy, as far as theoretical work is
concerned, is well advanced. The application to real working domain has been focuses as civil aviation
and the study of a real accident case has been performed using the retro-spective approach. Such study
case will be described and discussed in detail, showing how the feedback deriving form the analysis of
real cases is fundamental for the formulation of sound modelling paradigms for safety and reliability type
studies. ' ;

P. Carlo Cacciabue, Commission of the European Communities, Joint Research Centre,
Institute for Systems Engineering and Informatics, Ispra, Italy.

OVERCOMING OBSTACLES IN THE APPLICATION
OF RESEARCH TO PRACTICE IN THE AVIATION ENVIRONMENT

By Dr. Thomas McCloy and Dr. Mark Hofmann (USA)

First, this paper will provide examples of research results which have been put into
practice in the aviation environment. These examples may apply to jobs, procedures, and/or design.
Second, this paper will discuss factors that are important when introducing new things or ways of doing
business, i.e., "change." This will include factors as seen from various perspectives such as operators,
maintainers, investors, etc. Third, this paper will relate these factors back to the examples previously
discussed where research results reached practice. Fourth, this paper will provide a list of factors which,
if addressed, will enhance the success of applying research to practice in the aviation environment.

Dr. Tom McCloy received his pilot wings through the United States Air Force
Undergraduate Pilot Training Program. He has a variety of aviator experience, including combat and
noncombat, jet and propeller, fixed and rotor wing aircraft. He was a Professor of Human Factors at
the United States Air Force Academy, and taught human factors engineering at the Air Force Test Pilot
School. Tom is currently a Scientific and Technical Advisor for Human Factors with the Federal Aviation
Administration. In this capacity, his primary focus is coordinating research efforis in support of the
National Plan for Aviation Human Factors, and facilitating the implementation of their results into the
operational community. k

Dr. Mark Hofmann has been in the human factors business in various capacities within
the Department of Defense for many years. In his last assignment, he served as the Associate Director
of the U.S. Army Human Engineering Laboratory. Mark is currently a Scientific and Technical Advisor
for Human Factors with the Federal Aviation Administration (FAA). In this capacity, his primary focus
is to assist the FAA in maintaining a responsive Human Factors program.



APPENDIX A - PRESENTATION OF PAPERS

DEVELOPING HUMAN FACTORS KNOWLEDGE

HUMAN FACTORS TRAINING FOR OPERATIONAL PERSONNEL

Neil Johnston!

(Ireland)

Introduction

When I sat down to prepare this paper I first looked back
through my old notes and correspondence, dating back to the early
1970s. 1975 marks the first reference to my long-held belief that
there was a need for human factors training for operational
personnel. That particular reference was in internal IFALPA?
correspondence, and it was in an IFALPA capacity that I lobbied
over subsequent years for the incorporation of suitéble human
factors training into the pilot training and licensing system.

The latest revision to ICAO Annex I (Personnel Licensing),
effective November 1988, established an international requirement
for licence applicants to demonstrate suitable humén factors
knowledge at the ab initio pilot training stage. ‘Given the
preceding comments, it will come as no surprise that I strongly
supported and endorsed this ICAO initiative. {

It was a particular pleasure to be subsequently invited to
represent IATA’ at the then newly formed ICAO Flight Safety and
Human Factors Study Group. As a member of that group I produced
the first draft of ICAO Human Factors Digest Number 3, "Training of
Operational Personnel in Human Factors"‘. I make these remarks to
establish that I am not an entirely neutral participant when
discussing this particular subject!

! Aerospace Psychology Research Group, Trinity College, Dublin 2, Ireland.

?  International Federation of Airline Pilot Associations

3 International Air Transport Association.

L) .
ICAO Circular 227-AN/136, 1991. This was third in a series of Human
Factors Digests published by ICAO. To date a total of eight Digests have been
published.

4
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In this paper I seek to explain why I believe that human
factors knowledge has an important role to play. I provide some
information on how this new training is being received by trainee
pilots. The primary emphasis here is' on human factors knowledge
training for pilots. However most of the discussion can be applied
to others in the operational environment, including air traffic
controllers and dispatchers.

Human Factors - Knowledge or 8kills?

It is an enduringly well established and repeated fact that
human failure is the predominant contributory factor in aviation
accidents and incidents. Equally enduring is the plaintive
question "but what can we do about it?" '

I remember my surprise when I first discovered that academic
psychology had long known the nature of visual and other illusions
while I, as an airline pilot who was potentially susceptible to
various life threatening illusions, had received little information
about those illusions, nor about those circumstances in which they
might occur. My interest in human factors training for operational
personnel dates from that time.

However, it must be immediately conceded that a decision to
send all pilots on an undergraduate course in aviation psychology
is no solution. Indeed it has long been a matter of debate as to
which aspects of human capabilities and limitations should - or
could - be successfully addressed by training. For instance, an
immediate riposte to my visual illusions example above might be as
follows: "knowing about the nature of visual illusions, and about
the underlying psychological processes, provides little protection
from their more insidious effects - greater preventative value has
been achieved over the years by improvements in infrastructure
(such as the introduction of VASI’s) and through the rigorous
application of Standard Operating Procedures and Standard
Callouts".

Thus we have here two rather different perspectives. A very
crude generalisation can be made at this point, namely that there
has been a tendency in North America to favour the latter argument,
focusing on the development of infrastructure and applied cockpit
skills, while other areas of the world - most notably Europe - have
tended to emphasise the acquisition of basic knowledge. This
general European orientation and emphasis on basic knowledge is
reflected by the fact that the ground-school training for airline
sponsored CPL/IR’ training in Europe often requires 1,000-1,400
hours of study, whereas one can obtain the same basic licence in
the U.S. after considerably less ground study (Johnston, 1989).

5 commercial Pilot’s Licence and Instrument Rating.
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It thus comes as no surprise to hear that one of the very
first knowledge-based Human Factors courses for operational
personnel, KHUFAC - the KLM Human Factors Awarenéss Course - was

produced by a leading  European airline, KLM. The theme of the

KHUFAC course was "education is the key". KHUFAC was developed as
a course for established airline pilots and it received mixed
reviews. Some felt that it gave pilots "a new language and
understanding"”, while others felt it was overly academic in its
approach and lacked an applied focus.

The European Civil Aviation Conference (ECAC) responded.

promptly to the 1988 ICAO Annex I human factors training
requirement, producing a detailed syllabus for their course on
Human Performance and Limitations (HPL). The United Kingdom was
the first European country to mandate, for pilot 1licensing
purposes, a pass in an examination associated with an HPL course
(Barnes, 1993).

On the other hand, it was a leading U.S. carrier, United
Airlines, which developed and introduced the first CRM course. CRM
has always had a highly applied emphasis. Indeed in the following
years, as we have advanced into third and fourth generation CRM
courses, the emphasis on applied and practical issues has increased
steadily, along with the sophistication of CRM training.
Similarly, it was the governments of the United States and Canada
who pioneered and sustained the Pilot . Judgment and
Aeronautical/Pilot Decision Making programmes, eachiof which has an
equally applied focus. The developing trend to. AQP (Advanced
Qualification Programmes) is another U.S. initiative which shows
great operational and training promise. :

These points having been made, it must be immediately stated
that the picture I have painted here could be misleading in certain
respects. For instance, it is a paradox that it is only in
countries such as the United States, Canada, New Zealand and
Australia that one . can obtain a university qualification in
aviation psychology. There are no such courses at any university
in Europe and, until recently, (January 1993) there had never been
a Professor of Aviation Psychology in Europe! On the other hand
the proposal by the European JAA® for 30 hours of mandatory Multi-
crew Cooperation (MCC) Training as part of the CPL/IR syllabus, is
a unique and highly applied innovation in the area of applied human
factors and resource management skills (Johnston, 1993a; Joint
Airworthiness Authorities, 1992).

Why Should Pilots have to Know about Human Factors?

Thus, as with all crude dichotomies, there are a number of

o Joint Airworthiness Authorities.
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inconsistencies to be found in my characterisation above. Perhaps
the best way of resolving these differences, at least for the
purposes of this discussion, is to first observe that we are
comparing different licensing, training and operating environments
- 'each with their unique local cultures, operational needs and
solutions. However, I do think we may each need to learn a little
from each other, and perhaps the best way forward is to integrate

"the better aspects of each system.

When we discuss human factors knowledge - in other words the
learning of facts and theories relating to human capabilities - it
is important to clearly differentiate between the needs of the
aspiring pilot and the needs of those who are already qualified as
pilots. Qualified pilots are typically pragmatic and they tend to
be. opposed to the acquisition of abstract knowledge which lacks
immediacy and an applied focus. On the other hand, most qualified
pilots will initially look with some sympathy at applied training
which appeals to their sense of professionalism, and wh1ch aims to
increase their competence as a pilot.

In this discussion the focus is entirely upon pilots
undergoing training for the issue of their licence - the ab initio
pilot. The argument I wish to promote is simple - if we feel that
such pilots need to know and understand facts and theories about
meteorology, aerodynamics, navigation, and so forth, then they
should equally be expected to know and understand ba51c human
factors, as this relates to their safe and effective functioning
within the aviation system.

We have been prepared for decades to mandate hours of study
for technical subjects, but have denied the relevance, importance
or practicality of training in human factors. Until relatively
recently this, in fact, was very much the conventional wisdom. It
remained the conventional wisdom for years because of diverse
arguments. Two key arguments against the recent Annex I revision
were, (i) that pilots would reject any such .training as being
irrelevant, and, (ii) that it was impossible to specify training in
human factors because there was no agreed definition of the term
human factors, and no agreement as to its constituent elements.

Both of these arguments originate from another era and are
invalid. Consider the first argument, that pilots would reject
such training. So far two courses of ab initio pilots from my
airline (Aer Lingus) have undertaken the Human Performance and
Limitations (HPL) course as part of their CPL/IR training in the
United Kingdom (at Air Services Training, Perth, Scotland). I can
certainly testify that they enjoyed their tralnlng and felt it was
very relevant.

. I have spoken to both classes at some length and only one
pilot expressed any reservations - and that was to the length of
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the course, rather than the content. More revealing was the
general belief that the HPL course covered information which they
felt was an integral part of becoming an airline pilot. They found

it difficult to believe that previous generations of pilots had not

had the benefit of such training. Indeed, this is an interesting
reaction in itself. These pilots felt that the knowledge they had
gained on the course was an essential part of the knowledge
required of any professional pilot. My understanding from
enquiries made to a number of U.K. training schools is that such
sentiments are shared by most trainees.

Regarding the purported impossibility of defining Human
Factors, I can only observe that a working definition is to be
found in ICAO Human Factors Digest number 1’ “Fundamental Human
Factors Concepts'":

Human Factors is about people: it is about people in their working ~
and living environments, and it is about their relationship with
equipment procedures and the environment. Just as important, it is
about their relationship with other people. It involves the
over-all performance of human beings within the aviation system.
Human Factors seeks to optimize the performance of people by the
systematic application of the human sciences, often integrated
within the framework of system engineering. Its twin objectives can
be seen as safety and efficiency.

Furthermore, in ICAO Human Factors Digest Number 3% an entire
outline training HPL syllabus has been specified and the Appendices
contain information on several additional syllabi. Paradoxically,
given the claimed difficulties in defining and teaching human
factors subjects, the FS&HFSG found a widespread international
consensus as to the essential content of an appropriate HPL
training course. _

Both of these 1ICAO sponsored solutions to supposedly
intractable problems of definition and application testify to the
fact that a lot can invariably be accomplished if we actually get
down to a task - rather than arguing ex ante about the v1ab111ty or
fea51b111ty of that task!

Human Factors Tralnxng. ICAO Initiatives

Recent ICAO initiatives in the area of human factors training

for operational personnel followed the publication in 1988 of the
Eighth Edition of ICAO Annex 1 (Personnel L1cens1ng) Annex I now

7 IcmO Circular 216-AN/131, 1989.

8 IcPO Circular 227-AN/136, 1991.
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mandates a Human Factors knowledge requirement for each category of
flight crew licence holder, namely;

".... human performance 'and 1limitations relevant
to...(the licence being issued)". ’

This knowledge requirement has the same status as knowledge
required in respect of any other part of the traditionally accepted
pilot training syllabus. It thus requires that pilot training
establishments prepare and implement an appropriate training
syllabus. Licensing authorities must equally prepare an
examination in Human Performance and Limitations (HPL). The
implications of this are reviewed in Johnston and Maurifio (1990).

It should also be noted that the Annex 1 requirement for the
successful demonstration of human factors skills was also
augmented. For instance, the holder of an Airline Transport Pilot
Licence must henceforth;

"demonstrate the ability ...to...
(c) exercise good judgement and airmanship,...

(f) understand and apply crew co-ordination and
incapacitation procedures; and

(9) communicate effectively with the other flight
crew members."

The new JAA proposal for MCC (Multi-Crew Cooperation) training
at the CPL/IR training stage is one response to the developing
Annex I emphasis on human factors skills training.

Another important ICAO initiative was the formation of the
Flight Safety and Human Factors Study Group (FS&HFSG). This acts
as an international forum for discussing issues relating to human
factors in aviation. ICAO has also published a number of Human
Factors Digests, based upon the deliberations and work of the
FS&HFSG. A number of world symposia and regional seminars on Human
Factors have also been initiated (Maurifio, 1993).

In responding to the Annex I knowledge requirement the FS&HFSG
developed the third in its series of Human Factors Digests, titled
"Training of Operating Personnel in Human Factors"’. The general
subject content of Digest 3 is outlined in the following section;
for detailed information readers are referred to Digest 3 itself.

% IcAO circular 227-AN/136, 1991.
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What do Pilots Need to Know about Human Factors?

A general survey within the aviation industry led the ICAO
FS&HFWG to conclude that approximately 35 hours of training would
be required to adequately address the proposed human factors
training syllabus. A minimum training time of 20 hours was
suggested. Judging from recent experience in the United Kingdom,
it would appear that 25 hours of training is more than sufficient
to reach a good standard of HPL training. U.K. training schools
also report that 12-14 hours suffices for experienced pilots who
are upgrading from an existing licence to a higher licence (OATS,
personal communication, November 1992; AST, personal communication,
March 1993).

The following outlines the general'Subject areas suggested for

HPL training in ICAO Human Factors Digest 3. The percentage of the
total time to be devoted to-each module is suggested in Digest 3,
in order to assist training establlshments achieve tralnlng balance
across the syllabus;

Module 1 Introduction 5%
Module 2 The Human Element (Physiology) 20%
Module 3 The Human Element (Psychology) 30%

(8]
oo

Module 4 The Human Element (Fitness)

(&)}
o

Module 5 Pilot: Equipment

Module 6 Pilot: Software 10%
Module 7 Interpersonal Relations 15%
Module 8 Operating Environment 10%

The ICAO FS&HFSG envisaged that HPL training would be as
practical and applied as possible. In Digest 3 it is strongly
emphasised that HPL training is not intended as an academic
exercise, and that an operational orientation to training is
essential. In this regard, feedback from the Aer Lingus trainees
referred to above indicates that they found the operational
examples and "war stories/hangar talk" to be of special value and
assistance during their HPL training.

The two key considerations in achieving a practical and

operational orientation to HPL training are; (i) the qualifications:
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of the instructors and, (ii) the nature of the examination. The
ICAO FS&HFSG felt that instruction should generally be accomplished
by existing flight and ground instructors and that the HPL
examination should not have the effect of turning HPL training into
an academic exercise. Both of these recommendations were followed
when the U.K. training and examination were first developed, though
some concern has been expressed about the abstract nature of a few
recent examination questions.

Evaluating HPL Training

A clear differentiation was made in Human Factors Digest 3
between examining or assessing human factors knowledge .and human
factors skills. As a general statement it can be said that the
FS&HFSG felt that knowledge of facts and theories - "declarative
knowledge" - is suitable for examination. There appears to be a
general consensus, even amongst pilot trainees, that the discipline
of preparing for an examination or test in HPL is essential. A
multiple choice test seems to be the evaluation method of choice;
a number of typical questions are provided in Appendix 1.

On the other hand, it was generally agreed by the ICAO FS&HFSG
that teaching and evaluating human factors skills requires much
greater subtlety. Adult learning methods (Telfer, 1993) and
experiential teaching techniques are more appropriate to teaching
applied human factors skills. Success in using these techniques
necessitates an open learning environment and an operational
orientation to the training. Such an environment is incompatible
with the dictates of a concluding examination or test. Not least
of the reasons for this is that trainees frequently seek to tailor
their performance and responses to their perception of what is
required to pass the test, or to please the instructor. Whatever
else this may do, it is most wunlikely to lead to sustained
experiential learning - itself the key training objective
(Johnston, 1993b).

Teaching HPL - Experience and Issues Arising

In conducting my research for this paper, I spoke to various
U.K. training schools and instructors. Several indicated that
their interest in HPL training was initially driven solely by the
U.K. CAA licensing requirement. Many attended the first instructor
training course in a highly sceptical frame of mind. It was
interesting to discover that a number of instructors who were
initially sceptical about the desirability and feasibility of HPL
training have since become very positive about its wvalue and
importance. I feel that this is an interesting and instructive
development. Certainly the Aer Lingus trainees, to whom I referred
above, found their instruction enthusiastic and relevant.

Some interesting observations were made regarding the impact
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of culture, notably in circumstances where trainees come from an
authoritarian culture. Certain aspects of human factors training,
readily accepted by Western students, may be less appealing to
students from other societies, indicating that flexible delivery of
HF training can be important. For instance, the gender-free
orientation in most western societies is not the norm in many other
societies. Certain CRM pr1nc1p1es may be viewed as a challenge to
the natural social order in some societies and some care during
instruction may therefore be appropriate (Johnston, 1993c). There
are also some indications that the actual HPL examination

performance of such trainees may differ from that of trainees from

western societies.

Basic ab initio training is conducted in accordance with the
provisions of ICAO Annex I. Historically these Annex I provisions
have emphasised an individualistic approach to training - not least
because each 1licence is issued to an individual, who .must
demonstrate personal competence. There are, however, some signs
that our ab initio training methods may have to change somewhat to

make them compatible with the increasing trend to emphasise the CRM -

and teamwork aspects of crew performance - and especially in the
light of the teaching content in HPL courses. - This represents a
new and growing challenge for training establishments.

One of the interesting developments which followed publication
of the new Annex I HPL requirement has been the publication of an
increasing number of textbooks on human factors in aviation. A
number are listed in the bibliography at the end of this paper -

although this does not seek to be definitive. Some of these texts.

are exclusively directed to the HPL examination syllabus, while
others are sophisticated and interesting introductions to human
factors in aviation. One U.K. training school has developed an
attractive workbook on HPL, in which there is a combination of
diagrams, teaching text and blank spaces in which trainees fill in
their answers to various questions on applied aspects of human
factors (AST, personal communication, October, 1992).

A number of university based pilot training courses, - which
include training for the CPL/IR, have been implemented in recent
years, with human factors fully integrated throughout the training
syllabus (Hunt, 1993; Telfer, 1993). Similar courses are available
at several unlver51t1es in the United ‘States. A developmental
approach to the human factors knowledge requirement is being
pursued in Canada (King, 1993), while the draft JAA pilot licensing
requlrements suggest that human factors training will play an ever

increasing role in Europe (Johnston 1993a; Joint Alrworthlness

Authorities, 1992).

Is Acquiring HPL Knowledge An Isolated Act of Rote Learning?

I referred above to feedback from Aer Lingus trainees who have -
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undertaken HPL training, and who found the supplementary "war
stories" or "hangar talk" to be of special value and assistance
during their HPL training. It is easy to disparage such comments,
since we all know that generations of students from all walks of
life have preferred "idle chat" to real learning. But an important
issue is raised here - namely, is such hangar talk really "idle"?

I was alerted to the fact that there was much more to this
"idle chat" during a number of ostensibly factual 1lectures on
Standard Operating Procedures (SOPs). I conducted these
lecture/discussions during the MCC "bridge" training course
conducted by Aer Lingus for pilots joining the airline (Johnston,
1992). My lectures consisted of a brief review of SOPs, starting
with a background justification, followed by a general run through
the Aer Lingus SOPs we use in our MCC simulator training.

Most of our MCC training is conducted as a classroom dialogue
and I noticed after a number of courses that much less attention
was initially paid to the actual procedures than to considerations
about the context in which the procedures were used and,
specifically, when they would - and would not - apply. In the
‘beginning I kept returning to the facts, namely the substance of
the SOPs, feeling that the trainees were missing the point.
Eventually I concluded that it was I who was missing the point.
For, to the trainees, the "facts" about our SOPs, and the merits of
memorising them, were only relevant after they came to some
understanding about the social and operational context in which
their learning was to be applied.

I feel that this is a key point, and it has caused me to
revise somewhat the views I previously held on human factors
training for operational personnel. The reader may consider that
I am overstating an obvious point. However, if it is really
obvious and important, I must then ask why we fail to draw the
necessary conclusions for training practice and move to regularise
and formalise the consequent training implications across the
entire aviation training spectrum?

I still feel that factual knowledge about HPL is of
considerable importance, but it is equally clear that learning
facts - declarative knowledge - cannot be isolated from the
understandings of trainees regarding the operational pertinence of
those facts. 1In the words of Lave and Wenger "...learning is an
integral and inseparable aspect of social practice" (Lave and
Wenger, 1991). Learning, or knowing, various facts about human
factors cannot be considered independently of the trainee’s ability
to recognise their operational relevance and understand how they
should be applied. 1In Lave’s terms (Lave, 1988) we are dealing
here with a dynamic encounter between the trainee and his
understanding of the nature and demands of the operational’
environment. '
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The trainee is mov1ng through a long training process - of
which HPL tralnlng is but one part - and this will play an
inevitable part in changing him or her from novice to- expert. In
Lave and Wenger’s terms, our trainees are apprentices in a
"community of practice" and it is ‘through "legitimate peripheral
participation"” in the activities and understandings of that
communlty that their cognition - and hence thelr future practice -
is shaped

Among the skills we associate with the transition from
neophyte to skilled practitioner is the ability to recognise the .
relevance of knowledge, combined with a contextual understanding as |
to how that knowledge can be appropriately and successfully
invoked. Part of our aviation "apprenticeship" thus constitutes
learning the dialectic between our repertoire of acquired skills
and knowledge, and the subsequent application of that knowledge in
operational settings. I think it follows that such considerations
merit particular attention when HPL training is developed and
dellvered.

Conclusion

The available evidence suggests that the latest ICAO
initiatives on human factors training for operational personnel are
meeting with considerable success. The experience of those who
have implemented and received HPL training endorses this. When we
consider the training needs of ab initio pilots, the seamless
transition from human factors knowledge to applied human factors -
skills 1is undoubtedly an issue of key importance. Having
established an adequate base of human factors knowledge at the ab
initio level, finding better methods of training and developing
human factors skills represents a major training challenge for the
future. Only when we have successfully integrated human factors
knowledge and skills across the entire aviation ab initio and
recurrent training system can we truly claim to have properly
addressed the human factors training challenge.
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APPENDIX I

Typical test/examination questions on Human Performance
and Limitations used in the United Kingdom.

1. To avoid the risk of decompression sickness, iﬁ is recommended that
you do not fly within.:... hours of diving using compressed air at a depth
in excess of.... H

(a) 12 hours : 24° (b) don‘t fly at all
(c) 24 hours : 30° (d) 30 hours : 24°

2. The time available to a pilot to recognise the development of HYPOXIA
and to do something about it is termed the time of useful consciousness.
This is approximately.... at 30,000 feet:

(a) 5 seconds (b) 1 minute
{c) 5 minutes (d) 20 minutes

3. On a go-around you experience a pronounced pitch-up feeling. You
recognise this as.... illusion and rectify it by.... :

(a) a saccadian
(b) an optical.
{c) an echoic

(d) a somatogravic

keeping the head still
using visual cues
closing eyes momentarily
relying on instruments '

4. You are captain of an aircraft which has a major problem and a
decision must be made on how best to tackle it. To arrive at the best
decision you should:

(a) express your own ideas instantly because you are the captain
(b) run a "tight ship" and discourage adverse comment

(c) solicit ideas from other crew members encouraging doubts and
objections ’

(d) make a decision and keep it to yourself

(Courtesy, Air Services Training)
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HUMAN FACTORS IN LEARNING AND INSTRUCTION

‘ Professor Ross Telfer
Department of Aviation, The University of Newcastle
Australia

This paper examines the provision of Human Factors education in two aviation

- settings: a University baccalaureate program involving ab initio commercial pilot trainees, and an
airline three-day workshop for line instructors. Finally, a new focus, the different ways pilots
approach learning, is discussed. Preliminary results are provided of a study involving eight
international airlines and a sample of 230 pilots, revealing differences in learning strategies. The
next phase of the study will examine ways in which these strategies can be optimally linked with
various topics, exercises, checks and examinations in pilot training.

The provision of human factors as a key area of study was part of the rationale for
Australia’s first University aviation degree, which commenced enrolments at the University of
Newcastle in 1978. Conventionally, university studies are either discipline-based, liberal (with a
wide choice of subjects from a number of faculties or schools), or in varying combinations of the
two. Because of the simultaneous demands on undergraduate students from flight training, pilot
licence examinations, and the usual academic pressures of assessment exercises, assignments and
examinations, the aviation program at the University of Newcastle has been revised and refined
since 1978 to become a single-purpose, specialist course with no options in the beginning years. In
brief, the course consists of four sections: aeronautical engineering (including engines and systems,
avionics, fatigue, design, and aerodynamics); aviation science (including meteorology, forecasting,
navigation and flight planning); aviation management (including aviation law and computer
applications), and human factors. It is the last which will be detailed to show a sequence in
content suitable for ab initio pilots. The depth, however, will need to be varied according to the
entering abilities of the students or trainees, and the time which can be allocated in the training
syllabus.

TABLE 1 :THE UNIVERSITY OF NEWCASTLE HUMAN FACTORS COURSES
(BACHELOR OF SCIENCE, AVIATION).

Year 1: Introductory Human Factors-4hrs/wk- (information processing, vision and balance
‘ - spatial disorientation; perceptlon memory, decision making; motor control).

Aviation Psychology and Medicine-3hrs/wk- (atmosphere, respiration, acceleration,
vision, hearing, air sickness,drugs, health, first aid, fitness, fatigue, attent10n
workload, stress, personallty, communication).

Year 2: Human Factors-4hrs/wk (ergonomics, displays, aircraft control, automation,
simulation, training, stress/arousal, flight phobia, fatigue)
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Human Performance in Multi-Crew Operations-3hrs/wk- (personality,
communications, group processes, leadership, cabin safety)

Year 3: Aviation Instruction - Ground-4hrs/wk- (psychology of learning, instructional
methods, evaluating instruction and learning, lesson planning, preparing and using
aids, aviation instruction)

Advanced Aviation Instruction-4hrs/wk- (instructional design, problem-based
learning, computers in instruction, simulation, training environments, student stress
and training, aircrew performance assessment)

Flight Deck Performance-3hrs/wk- (systems thedry, pilot selection and testing,
human factors research methods, accident investigation)
Aviation Instruction Practicum-4hrs/wk-(practice instruction)

Directed Study (4hrs/wk) (project)
Year 4: Honours Research Thesis (20hrs/wk for year)
Aviation Research and Methodology (6hrs/wk)

In analysing the success of Human Factors education at the ab initio level, there are
some important findings. For the inexpert and unexperienced pilot, there tends to be a ready
acceptance of the importance of human factors as an integral aspect of pilot training. Provided the
examples and applications are drawn from operational situations, from the outset there is high face
validity in the equal status given each of the course components. Just as engineering contributes to
aircraft systems, ergonomics and psychology contribute to their efficient operation. There is an
acceptance of a body of knowledge to be transmitted, and because of this receptivity by the
students, teaching methods usually are the lecture, assignment, reading, or group projects such as
accident/incident analysis and discussion.

Experienced pilots, however, are a different matter. They may have flown for some
time in the absence of serious consideration of stress management, decision models, resource
utilization or situational awareness. They have performed well to date. Why another new course
for them to attend? ‘

For them, it is change, not mere education, which is the goal. Airline training in
human factors thus is based on a different instructional design to that used with ab initio pilots.
There is little point in lecturing to an uncommitted audience and expect that change will result. The
emphasis has to switch from content to process: from what to how (and why). The medium of
interaction is no longer expert to class: it is peer to peer in a group situation structured by a peer
facilitator. :
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The instruction itself has a different basis,too. For students who have come directly
from a high school education, pedagogical methods are possible. For adult learners, androgogy is
the appropriate base (Knowles, 1980). It takes account of the differing motivation, experience, -
approach to learning and maturity of the airline pilot. Pupils become peers, and lectures become
discussions and group exercises which enable the participants to draw their own conclusions rather
than being presented with them. Instructional efficiency, in terms of time, is sacrificed for
effectiveness. Better to take a little longer and convince someone by means of role play that group
decision-making is almost invariably more effective than an individual’s. The message becomes
more indelible: change is more probable.

Maximum participation and activity is sought so that the group as a whole benefits
from the sum of the experience and expertise that resides within it. Group dynamics, such as
cohesiveness, leadership, climate, norms and communication have to be given time to take effect.
Time for pilots’ workshops, however, is a scarce and costly resource, so all phases of learning
have to be exploited. Pre-reading, a course outline, statement of objectives, questions and exercises
act as advance organisers in the presage phase. Receiving this material about two weeks in advance
( not too soon, so that it will be shelved and forgotten; not too late so that it is given a hurried -
perusal on the way to the workshop), participants are aware of expectations of them, and can
prepare in advance for the contributions they are expected to make during the workshop.

The next learning phase is that of the actual process of the workshop. The design
will be such to ensure that there is a sequence of structured activities through which the facilitators
will lead the group. Like a catalyst, the facilitators are vital for the change process, but their actual
presence will not be evident in the personal consequences for each participant. The choice and role
of the facilitator is thus vital for the success of human factors training. Apart from the obvious
human qualities, they need to have high personal credibility with their peers.

Facilitators have the role of ensuring that each participant is involved as much as
possible, while balancing inputs to restrain the verbose and encourage the recalcitrant... and all the
time maintaining relevance in the contributions. For self-evaluation during sessions of the
workshop, facilitators can periodically ask themselves: "What do I expect each of the participants
to be DOING right now?" Because the workshop is activity-based, people should be active, not
passive, learners. This will also remove the need for editorialising or risky "expert" comment from
facilitators. : o

The workshop design will include (apart from the pre-reading manual mentioned
above), a course manual to provide later reading and reference for participants/ facilitators, and a
guide for facilitators. For example, the Cathay Pacific Airways Instructor Workshop Guide for
- Facilitators uses a standard format listing the points where audio-visual aids can be introduced and
how to introduce them; a guide to timing; a script (not intended to be read, but to provide guidance
in the choice of questions, introductions, summaries, and responses); hints on non-verbal
communication which can be used; appropriate points for coffee breaks or discussion; room layout;
use of equipment; back-up activities if the group works quickly when and how to use the prepared
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participant contributions; and an evaluation sheet for use in both formative and summative
evaluation. This is advisory, not prescriptive as the course rationale is that instructors are effective
because of personal ability, personality and experience ( the art of instruction) combined with a
knowledge of the underlying theory (the craft of instruction) (Telfer and Biggs, 1988). There is a
degree of autonomy for facilitators to use their personal style in presenting and structuring the
workshop experiences. (See Telfer and Bent, 1992, for details of the course, its objectives and
results of initial evaluations).

That workshop also makes use of follow-up (the product phase) in the form of a
pocket-sized checklist given to all participants. It thus utilises the before (presage), during (process)
and after (product) phases of instruction for maximum effect and the greatest probability of
inducing change in participants (Biggs and Telfer, 1987). A spiral curriculum extends over three
days in which subjects are treated initially, then revisited for consolidation and elaboration.

The emphasis on process rather than content reflects another form of indirect
instruction (characteristic of androgogical principles). The workshop itself exemplifies the methods
and philosophies it espouses. Thus, the schedule varies in session length over the duration of any
one day. Longer sessions are in the morning, when the more difficult topics are encountered.
Thought-provoking or discussion-inducing topics precede coffee or lunch breaks so that reflection
or clarification can occur in time-out. Variability, the design of contrasting activities to maintain
interest and prevent boredom, prectudes similar media or methods being used in successive
sessions. The medium becomes the message.

Aviation instruction is distinctive in several ways: its structure, mission, stakes,
focus, budget, flexibility and immediate transfer of training. At the individual learning level, there
are differences related to the nature of the material to be learned, the nature of the examinations
(typically multiple choice questions), and the application of the knowledge, skills and values to
operations (Telfer, 1993). There are, therefore, special constraints in the design of human factors
workshops for the aviation industry. These constraints take the form of tensions between traditional
instructional design and that which aviation requires. The first tension is between effectiveness and
efficiency. Effectiveness is always the intention: but efficiency will intrude. Time off- line for
pilots and facilitators; opportunities for prior and later contact; the need for professionally produced
videotapes; multiple revisions and reprints of manuals as the course is refined; allocation of a
specialist training room and resource centre; ancillary staffing: all are highly desirable but subject
to budgetary restraint.

Similarly, there is a tension between educatlon (knowing why) and tr. _t__nmg (knowing
how). The latter is by far the easier to attain, and companies may settle for second-best in the
hope of faster change. Faster, perhaps, but far less sustainable.

The third tension is between theory and practice. While the aviation industry should
be able to expect the same guidance from research in instructional methods as it obtains from
ergonomics or engineering in aircraft design, instructional theory appears to suffer in comparison.
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Part of this is due to ignorance of what there is to offer in the 1990’s, and part of it is misguided
application by supposed experts who uncritically import the results of studies which cannot be
validly applied to aviation. The behaviour of a Grade 4 social studies class in Minneapolis has little
to do with two Qantas trainees in a simulator at South Australia. Guiding theory is avallable but it
has to be selected judiciously with a clear priority to validity in application.

The design and implementation of a human factors workshop in airlines is inevitably
a compromise between what is actually needed to effect the change management seeks, and the
amount of resources it is prepared to provide. Some conclusions, however, are unequivocal. ‘
Workshops for experienced pilots have to be designed on androgogical principles requiring group-
based, active learning which is based on participation rather than passive recipience of lectures.
Support of the process of change has to extend before, during and after the workshop. Follow-up,
in the form of a periodic refresher, newsletter and posters, is vital for change to occur. In brief,
there needs to be an awareness of how pilots learn.

Over the last decade researchers have identified three predominant approaches to
learning: Deep, Surface, and Achieving (e.g. Entwistle & Waterson, 1988; Watkins & Hattie,
1990; Biggs 1987a, 1987b). The deep approach to learning is intrinsically motivated, with a desire
to be competent in the area of study. To achieve deep understanding, learners read widely and
integrate their new knowledge with their existing knowledge base. The surface-oriented learner,
however, is motivated by anxiety and the desire to do the minimal amount to pass the subject.
Surface oriented strategies include rote learning and reproduction of material provided in course
notes or manuals. The third approach, achieving, is concerned with ego enhancement and
organising the time, source and place of learning.

The relationships between approaches to learning and performance in aviation have
now been examined in several different populations as part of the ongoing Approaches to Pilot’
Learning Project at the University of Newcastle (reported in Moore, Scott and Telfer, in press).
The first study examined approaches to learning (and their relationships with learning outcomes) in
a sample of commercial pilot trainees. The second gained data from a sample of experienced pilots
who were undertaking retraining, and the third study involved interviews with a small sample of
experienced airline transport pilots. The concluding study examined ways in which approaches to
learning in experienced pilots might be more appropriately assessed, leadmg to the development of

the Pilot Learmng Process Questionnaire.

The Ab Initio Study used 62 trainee commercial pilots for its sample (and is fully
described in Moore and Telfer, 1990). Data were gathered on approaches to learning and on
individual performance in each of the nine ground school topics (such as Aerodynamics,
Navigation, or Flight Planning) and the time it took them to fly solo. V
For the ground school results, the most prominent finding was the consistently significant negative
relationship between ground school scores and the surface approach measure. Ab initio pilots who
reported adopting a surface approach to learning scored lower on all measures of ground school
learning than those who adopted a less surface oriented approach. Trainees adopting a deep
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approach to learning went solo earlier. Briefly, then, the findings from the ab initio study
demonstrate the generally negative effect of a surface approach to learning, and a tendency for
positive effects of a deep approach. «

The Pilot Under Initial Training (PUIT) Study was based on responses from a

sample of thirty experienced pilots being given initial training by an international carrier.In addition
to ground school results, a rating was gained for the PUITSs’ performance in their final simulator
check ride. Correlations showed very little relationship between approaches to learning and
performance in ground school or in the simulator. The only significant relationship was between
scores on the Type test and Deep scores. PUITs reporting a meaning-oriented, wide-reading
approach to learning scored higher on this test. In contrast to the ab initio results, surface scores
were not negatively related to performance, and deep was not related positively to the measure of
knowledge application, flying the simulator.

The findings from this second study raised some questions about the reliability and
validity of a school/university questionnaire for examining pilots who had substantial experience in
the industry. Several of the PUITs had indicated in their responses that items seemed irrelevant to
the retraining or endorsement context in which they were learning. Additionally, reliability co-
efficients were quite low. A third study was therefore undertaken, interviewing pllots about their
own approaches to learning (Moore and Telfer, 1992).

The Interview Study was based on a small sample (n=11) of captains or first officers
flying with domestic or international carriers. This study demonstrated that experienced pilots use a
range of strategies and motives for the specific learning they need to do in aviation. Clearly, some
of these approaches are "deep" in orientation (e.g. desire to understand, reading widely, self-testing
levels of learning, using own summaries), others are "surface" (e.g.learning emergency drills), and
others "achieving" in orientation (e.g. prioritising, using timetables for study, having material in
compact form for studying). With these data and the results of the two previous studies, a fourth
study was undertaken to develop an instrument for assessing experienced pilots’ approaches to
learning in aviation (Telfer, 1991).

The Questionnaire Development Study aimed to develop a reliable and valid

questionnaire that could be used to assess experienced pilots’ approaches to learning. The
questionnaire was designed to distinguish Surface Approaches (motives and strategies), Deep
Approaches (motives and strategies), and Achieving Approaches (motives and strategies). A sixty-
two item, 6 point Likert scale, instrument was developed and distributed to eight international and
national carriers.

Two hundred and thirty experienced pilots returned the questionnaire. Factor analytic
and reliability analyses were undertaken to determine the structure of scales and the items to retain.

The result was a three-scale, thirty item instrument: the Pilot Learning Process Questionnaire
(PLPQ).
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The next focus of investigation is the relationship between pilots’ approaches and
their performance in ground school topics, simulators and check rides to.ascertain if particular
approaches by pilots are more beneficial for specific areas of learning. Diagnostic and remediation
strategies can then be introduced to increase pilot learning. Further, the application of the PLPQ to
pilot selection testing will be investigated to examine the benefits to the individual and to the
employer of identifying pilots’ characteristic approaches to learning.
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HUMAN PERFORMANCE LIMITATIONS REQUIREMENTS
THE UNITED KINGDOM EXPERIENCE

Dr RM Barnes
UK Civil Aviation Authority

The United Kingdom Civil Aviation Authority may have had an advantage over some other regulatory
authorities as the importance of Human Factors in aviation was recognised as far back as the 1950s. At
this time a Senior Medical Officer (Flight Safety & Research) was appointed to look into the Human Factor
problems of high flying, fast jet transport aircraft. He was supported by a Human Factors Steering Group,
membership of which was drawn from all sectors of the aviation industry.

In the mid-1970s this group noted the increasing significance of human error in accidents and recom-
mended that human factors be included in the syllabus for a professional pilot's licence. This suggestion
received further support when a King Air super 200 crashed near Nantes in France.

The aircraft was on a training detail during which the instructor carried out a "practice decompression” at
31,000 feet by using the dump switch. Following maintenance the oxygen system had not been
reconnected and the crew rapidly became unconscious. The aircraft crashed nearly six hours later at the
end of its endurance having drifted over the channel into French airspace.

A syllabus was prepared and discussions with the training schools and professional organisations arranged.
Although there was general acceptance of the idea and agreement was reached to include limited time on
this subject in flying training programmes there was resistance to the Authority making it compulsory.

We were therefore in a good position to meet the requirement in the 8th edition of ICAO Annex 1 that
Human Performance and Limitations be introduced in all professional flight crew examinations.

A new syllabus was drawn up following internal discussions and advice from the RAF Institute of Aviation
Medicine and the Applied Psychology Unit at Cranfield Institute of Aviation Technology. Because of the
imminence of the European Joint Aviation Authorities the syllabus was also reviewed with our European
partners. The final syllabus is very similar in content to that subsequently recommended by ICAO.

By 1990 we were in a position to put out Aeronautical Information Circulars advising that from April 1991
applicants for a professional pilot's licence would be required to sit an examination in Human Performance
and Limitations. This requirement would also apply to pilots upgrading their licence from CPL to ATPL
and to anybody who renewed their licence after having let it lapse. Applicants for Flight Engineers and
Flight Navigators licences and PPLs wishing to include an instrument rating on their licence, would also
have to sit this exam with effect from October 1991. In all cases there was to be an introductory six month
period during which anybody who failed the exam would be granted a licence, although expected to return
and re-sit this exam. Current licence holders would not be required to sit the examination retrospectively.

The interval between the circulation of the AIC and the introduction of the exams was used to consult with
training schools, airlines, various aviation organisations such as the British Air Line Pilots Association and
Guild of Air Pilots And Navigators and representatives from the private pilot fraternity, balloonists etc.
through a series of seminars. These gave the aviation industry a further chance to express its views and
the Authority an opportunity to explain the exam requirements and justify the syllabus. In understanding
the latter it needs to be borne in mind that this may well be the only occasion on which the candidate will
have to demonstrate a knowledge of human factors. It was also necessary to set up suitable courses for
instructors, which currently take place at Cranfield Institute of Aviation Technology. A further consid-
eration was to ensure that suitable reading material was available for applicants not attending a set course.
In practice, notification of the impending exam prompted the appearance of several new books on this
subject suitable for air crew applicants.



A-24

Circular/Circulaire/LLupxynsp 243-AN/146

Exams are part of the educational system in the UK. What is important is not passing the exam but that
the applicant should have been given an initial insight into human factors which hopefully he will explore
and exploit as his career develops. This is certainly embedded in our approach to airline training since all
holders of an Air Operators Certificate are required to include a Cockpit Resource Management course in
the training programme.

One of the aims of this paper is to outline and justify the syllabus. We have divided this into four main
topic areas:~

Basic aviation physiology and health maintenance,
Basic aviation psychology.

Stress fatigue and their management

The social psychology and ergonomics of the flight deck.

oL b

BASIC AVIATION PHYSIOLOGY AND HEALTH MAINTENANCE

Bagsic aviation physiology and the effects of flight.

Anatomy and physiology of the eye, ear, vestibular, circulatory and respiratory systems.
Composition of the atmosphere, gas laws and the nature of the human requirement for oxygen.
Effects of reduced ambient pressure and sudden decompression; times of useful consciousness,
Recognising and coping with hypoxia and hyperventilation.

Entrapped gases and barotrauma.

Diving and flying.

Effects of acceleration (+/-G) on circulatory system, vision and consciousness,

Mechanism, effects and management of motion sickness.

A knowledge of the anatomy and physiology of the eye, ear, vestibular, circulatory and respi:étory systems
and of the composition of the atmosphere and gas laws is necessary to understand the rest of the topics
covered.

The relevance of most of the other topics listed hopefully needs little explanation. Had the instructor in the
King Air previously mentioned been fully aware of the dangers of a decompression at 31,000 feet hopefully
he would have been content to simulate the emergency or at least carry it out at a lower height. The
problems of excess gas in the gut after a fatty meal or flying with a cold are embarrassing and painful
experiences that most air crew will have suffered.

I would like to add a note of caution. A colleague who flies a large jet was detailed to carry out a type
rating on a young first officer. On the day concerned he was suffering from a cold. Not wishing to let the
first officer down, and mindful that on previous occasions when he had flown with a cold he had
experienced little discomfort, he reported for duty. As they climbed away from the airfield he looked at the
instruments only to find they were spinning round. When he concentrated on individual numbers on the
dials they spun round in their own right. Fortunately the first officer was very competent and brought the
aircraft safely back. The captain concerned had suffered an upset of his vestibular system as a
consequence of his cold, leading to this illusion. Familiarity should not be allowed to develop into
complacency!

Motion sickness deserves a special mention since a number of pilots experience this in their early training,
A knowledge of how it is produced and what can be done to alleviate it may help these people enabling
them to continue their chosen career.

Hyperventilation, or over-breathing, is more common than is often real.ised. It is potentiated by stress,
motion sickness, excessive heat and breathing through a mask, all of which conditions may occur in flight.
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Moderate hyperventilation is-distressing and causes distraction, If allowed to continue collapse can occur,
with obvious safety implications.

Underwater diving appears to be popular with air crew. All divers should be aware that if you dive to a
depth of more than 30-feet a timed ascent to the surface is necessary to avoid the "bends". What fliers
sometimes forget is that flying after a dive has the same effect as diving to a greater depth, in that it
increases the total pressure change experienced.

Flying and health.

Noise-and-age-induced hearing loss.

Visual defects and their correction.

Arterial disease and coronary risk factors, ECG, blood pressure, stroke.

Diet, exercise, obesity.

Psychiatric diseases, drug dependence and alcoholism,

Tropical diseases and their prophylaxis, hepatitis and sexually transmitted diseases.

Common gilments and fitness to fly; gastro-enteritis, colds, use of common drugs and their side effects.
Toxic hazards. :

Causes and management of in-flight incapacitation.

Not everybody would agree that health is a subject for examination, but in my opinion there are a number
of reasons for including it.

By the time a pilot has finished his training a great deal of money has been invested in him, Anything that
can be done to encourage him to preserve his state of health and hence his career, is worthwhile. A
knowledge of diet, the effects of obesity and the benefit of reasonable amounts of exercise on physical and
mental performance is relevant, as is information on the effects of alcoholism and drug dependence.

Fitness to fly is something every pilot should address. The commonest causes of incapacitation are not
serious illness, such as coronary thrombosis, but gastro-intestinal upsets and upper respiratory infections.
Most airlines now include incapacitation training in their courses.

Recently the captain of 2 Boeing 747-200 on a long-haul flight became ill. Command was taken by the co-
pilot and the captain left the flight deck. The co-pilot decided to return to base, although he was now more
than two hours out from base. During the return the captain re-appeared on the flight deck stating that he
now felt better and could continue. The co-pilot decided this was not the case and returned to base where
his decision was upheld. Some knowledge of the likely course of conditions that might be met on the
flight deck may aid pilots who find themselves in this difficult position is likely.

Blood donations, pregnancy and medications, both prescribed and "over the counter” all have special
significance in aviation. Air crew should ensure that any doctor to whom they go for treatment is aware of
their profession. They should also remind him that they frequently travel abroad, if appropriate. There
have been a number of occasions where, during an epidemic, a pilot has been diagnosed as having 'flu
whereas the true diagnosis has been malaria. Regretably, one case I know of has resulted in the death of
the person concerned.

Many pilots worry about their medicals, particularly a deterioration in their sight and hearing. In most
cases this is associated with advancing years rather than disease. If the pilot understands this he is far
more likely to accept the need for reading glasses rather than squinting and holding the test card as far
away as his authorised medical examiner will allow.

BASIC PSYCHOLOGY

Basic plan of human information processing, including the concepts of sensation, attention, memory,
central decision-making and the creation of mental models.
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Limitations of central decision channel and mental workload.

Function of attention in selecting information sources, attention-getting stimulj,

Types of memory; peripheral or sensory memory, long term (semantic and episedic) memory, short term or
working memorary, motor memory (skills), '

Memory limitations and faitures.

Perception, the integration of sensory information to form a mental model.

Effects of experience and expectation on perception,

Erroneous mental models; visual, vestibular and other illusions.

Recognising and managing spatial disorientation.

Use of visual cues in landing,

Eye movements, visual search techniques, mid-air collisions.

Skill, rule and knowledge based behaviour

The nature of skill acquisition, the exercise of skill, conscious and automatic behaviour, errors of skill.
Rule based behaviour, pracedures, simyulator training, failures of rule-based behaviour,

Knowledge based behaviour, problem solving and decision making, inference formation, failures in
knowledge based behaviour.

Maintaining accurate mental models, situational awareness, confirmation bias.

~ Flying an aircraft is a complex task involving the assimilation of clues from outside and within the aircraft,

processing this information to gain situational awareness and then making decisions and acting upon them.
This process involves rule and knowledge based behaviour, conscious and automatic responses and the
exercise of mental and manual skills. Such complex processing is open to error. The cause of the error
may be very simple, such as a failure of short~term memory. We can normally retain about seven
unrelated items in our working or short-term memory. If not actually rehearsed within 10-20 seconds this
type of information will be lost. This obviously has significance when dealing with complicated
instmctions. Error may also occur dué to erroneous mental models associated with such things as visual
and vestibular illusions. It can also result from pre-conceived expectation or past experience.

The pilot of a fighter experienced severe vibration caused by failure of the tail fin of the aircraft, ejecting at
the last moment and narrowly escaping death. Some months later he again experienced severe vibration
and immediately ejected. The aircraft flew on for some considerable time, the vibration having been due to
clear turbulence.

The number of topics involved in this particular part of the syllabus precludes going through them
individually. A suitable simile to cover the syllabus would be that even as some knowledge of how the
parts of a car work helps in learning to drive, so a knowledge of how our brain works helps in using it to
the best advantage.

STRESS AND STRESS MANAGEMENT

Models and effects of stress

Definitions, concepts and models of stress.

Arousal, concepts of over-and under-arousal

Environmental stresses and their effects; heat, noise, vibration, fow humidity.

Domestic stress, home relationships, bereavement, financial and time commitments.

Work stress, relationships with colleagues and management.

Effects of stress on attention, motivation and performance.

Life stress and health, other clinical effects of stress.

Defence mechanisms, identifying stress and stress management.

Stress comes in many forms stemming from the environment, work and the domestic scene. In the
aviation environment noise, vibration and low humidity play a particular role but many of the stressors are
part of our normal existence. Domestic stress and its problems are well known to most people. Both may
affect a person's ability to perform on the flight deck. '
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The pilot of an air taxi hit a large concrete obstacle, smashing the extended undercarriage, whilst making
an approach to a small airfieid. The obstacle was clearly visible and no satisfactory cause for the accident
was established other than "pilot error”. A personal conversation with the pilot some time later established
that his wife had walked out on him on the morning of the accident. He readily admitted that this situation
had totally pre-occupied his mind and that his flight had contained a series of minor errors prior to the
incident described.

Stress may also arise from the crew relationships and flight-deck workload. Some degree of stress is
desirable in the promotion of arousal and performance, but too great a stress decreases performance and
may even cause the person to freeze, a very undesirable situation in an emergency. Performance also falls
off with too little stress which may have significance on the automated flight deck. It must be borne in
mind that what is stressful to one person may not be stressful to another. A knowledge of stress and its
effects, and recognition of the symptoms, are important factors in coping with it. Those that are prone to
stress can be counselled and tanght methods of managing it.

Sleep and Fatigue

Biological clocks and circadian rhythms, sleep/wakefulness and termperature rhythms, "zeitgebers".
Sleep stages, sleep at abnormal times of day, required quantity of sleep.

Work-induced fatigue,

Shift work.

All of us have a circadian rhythm which governs our bodily functions and ability to perform thereby
preparing the body for periods of sleep and wakefulness. Performance peaks between 1200 and 2100 hours
and is lowest between 0300 and 0600 hours. It also falls off with time on task. A pilot is therefore more
likely to make mistakes after a long flight ending in the early hours of the morning, and this situation is
best avoided. It is also important to preserve an adequate pattern of sleep if normal performance is to be
achieved.

Airlines usually have "round the clock” operations which may be further complicated by flights which cross
multiple time zones with consequent upset to the operating pilots' normal circadian rhythm. This may
make the objectives outlined above difficult to achieve. Some protection is offered by flight time
regulations but even the best of these does not cope with every situation. Pilots therefore need to develop
their own sleep strategies. This can only be done if they understand how their body functions and how to
manage sleep, including the benefits of napping and the use and abuse of drugs.

SOCIAL PSYCHOLOGY AND ERGONOMICS OF THE FLIGHT DECK

Individual differences, social psychology and flight deck management.

Individual differences, definitions of intelligence and personality.

Assessing personality

Main dimensions of personality; extroversion and a.nxlety Other important traits; warmth and
Sociability.

Impulsivity, tough-mindedness, dominance, stability and boldness.

Goal-directed, person-directed types of behaviour.

Individual personality related problems of flying, especially risk-taking.

Personality interaction on the flight deck and the interaction of personality with status or seniority, role (eg, -

handling/non-handling) and perceived ability of crew members,

Concepts of conformity, compliance and risk shift. Implication of these concepts for the ﬂlght deck with
regard to effects of crew size (especially 2 v 3 crew).

Communication; verbal and non-verbal commumcahon, one and two way communication, different
communication styles.

Methods of maximising crew effectiveness and improving flight deck, or cockpit resource, management.
Interacting with cabin crew, air traffic services, maintenance personnel and passengers.

Personality and individual traits will affect a person's approach to flight safety. We have all met the
“hearty, kick-the-tyres, lets go" type as well as the "doubting Thomas" who does all his checks three times
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and still isn't sure things are satisfactory. Both are undesirable traits carried to extremes. A kndw‘ledge‘of
their personal traits will not change an indivdiual but it may highlight possible shortcomings, letting the
person make suitable allowances for them.

- Flying invariably calls for contact with other people, be it as part of a crew, with ATC, or with ground

handlers. Knowing how to handle difficult personalites, how others can influence your decisions and how
to communicate is therefore important. Much of this forms the basis for Flight Deck Resource
Management courses.

One personal experience concerns a two-crew freighter destined for Milan. The co-pilot had only joined
the company recently but had many hours on type, more than the captain who was a rather domineering
gentleman. Although there were thunderstorms about the captain elected to position for the approach by
means of an ADF beacon. - The first officer felt this was unwise but rather than comment he preferred to let
the captain "stew in his own juice”. The result was that pieces of the freighter covered nearly half a square
mile on a hill outside Milan. Luckily the crew were not seriously hurt.

The design of flight decks, documentation and procedures

Basic principles of control, display and workspace design.

Eye datum, anthropometry, and workspace constraints. External vision requirements, reach, comfort and
posture. :

Display size, legibility, scale design, colour and illumination. Common errors in display interpretation.
Control size, loading, locating, location and compatibility of controls with displays.

The presentation of warning information and misinterpreation of warnings.

The design and appropriate use of checklists and manuals.

Effects of automation and the "glass cockpit”. Integration of information from many data sources on one
display and automatic selection of displayed information. Mode and status representation. .

Machine intelligence and relationship between aircraft decisions and pilot decisions.

The avoidance of complacency and boredom and maintaining situational awareness. Maintaining basic
flying skills.

Modern aircraft may have very complex flight decks with the extensive use of automation. Although much
thought and Human Factors effort goes into most designs it is inevitable that compromises are made. A
knowledge of the basic principles used in the design, common errors in interpretation of displays and the
effects of automation can help to avoid pitfalls. This also applies to a knowledge of the correct approach to
check lists and manuals.

Judgement
The inclusion of this topic in the sullabus needs no justification. It is interesting to note that varions
countries have promoted "judgement training" with good effect on accident/incident rates. '

I am reminded of the pilot who flew three caribou hunters up to the mountains. As they departed he
advised them that the limitations of the aircraft would mean they could only carry one caribou on the return
flight. A week later they greeted him with two caribou assuring him last year's pilot had carried two on
the same plane. He was eventually persuaded to accept both animals and took off, crashing shortly
afterwards. Afier recovery from shock one hunter asked where they were. "About half a mile away from
where we crashed last year" advised one of his companions.

To date approximately 10,000 UK professional and private pilots have taken the exam. The initial pass
rate was around 30% but this has now risen to between 70-80%. It is obviously too early to judge whether
it is having an effect on flight safety. What is encouraging is that Human Factors has become a common
topic of conversation in crew rooms and there is a waiting list of people wishing to borrow some of the
recommended reference books from the CAA's library.
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Human Factors Knowledge Requirements for Flight Crews

~ Barry H. Kantowitz
Battelle Seattle Research Center
Center for Human Factors and Organizational Effectiveness
~ Seattle, Washington USA

HUMAN FACTORS EDUCATION

Education precedes training. It would be difficult to train a pilot how to correct for
the effects of wind strength and direction upon flight path over the ground if the pilot did not
know what a vector was. Similarly, an introductory physics student who asked "Where does
the light go when it goes out?" is indicating a fundamental misunderstanding of elementary
physical principles. But because many aspects of human factors seem intuitive to those  who
are not yet educated, the parallel between the question about where light goes and the
question "What is pilot mental workload?" is not obvious (Kantowitz, 1987). While aviation
personnel can be readily trained to obtain some measure of pilot mental workload, perhaps by
using a subjective rating scale, the proper interpretation and use of this measure requires a
human factors education.

The distinction between education and training has been well stated in ICAO Circular
216 (ICAO, 1989):

Education encompasses a broad-based set of knowledge, values, attitudes and
skills required as a background upon which more specific job abilities can be
acquired later. Training is a process aimed at developing specific skills,
knowledge or attitudes for a job or a task. Proper and effective training cannot
take place unless the foundations for the development of those skills,
knowledge or attitudes have been laid by previous education [p. 15].

This paper discusses human factors education that will provide a broad base for
acquiring later job skills. It suggests key areas that flight crews need to understand and
compares such suggestions to existing curricula in aviation human factors.

| Key Topics in Human Factors

Human factors covers a very broad area of knowledge. For example, my own human
factors textbook (Kantowitz & Sorkin, 1983) contains 700 pages divided among twenty
chapters (Table 1). Furthermore, the second edition now being written contains several topics
that were either entirely omitted or only briefly mentioned in the first edition. Human factors
is a field that is evolving rapidly and any text more than a decade old cannot do justice to its
current state. '
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Systems and People

Error and Reliability .

Hearing and Signal Detection Theory
Vision

Psychomotor Skill

Human Information Processing
Visual Displays

Auditory and Tactile Displays
Speech Communication

Controls and Tools

1%
12.
13.

14.
15.
16.
17.
18.
19.
20.

Data Entry

Feedback and Control
Human Factors in Computer
Programming

Decision Making
Workspace Design

Noise

Microenvironments
Macroenvironments
Environmental Stressors
Legal Aspects of Human Factors

Table 1. Key Topics from Kantowitz and Sorkin (1983)

At first, one might hope that by narrowing topics to only those that apply to aviation
human factors much material could be eliminated. However, a more recent edited text
devoted solely to aviation human factors (Wiener & Nagel, 1988) contains 684 pages in
nineteen chapters (Table 2); not much saved here.

o SR e R =

9 po

Introductory Overview

The System Perspective

System Safety

The Human Senses in Flight
Information Processing

Human Workload in Aviation
Group Interaction and Flight Crew
Performance

Flight Training and Simulation
Human Error in Aviation Operations
Aircrew Fatigue and Circadian
Rhythmicity

11.
12
13.
14.

15.

16.
b
18.
19,

Pilot Control

Aviation Displays

Cockpit Automation

Software Interfaces for Aviation
Systems '
Cockpit-Crew Systems Design and
Integration

Airline Pilots’ Perspective
General Aviation

Helicopter Human Factors

Air Traffic Control

Table 2. Key Topics from Wiener and Nagel (1988)

Human factors textbooks, including my own, tend to place heavy emphasis upon facts
and known empirical findings. Often, principles of human factors are taught inductively by
giving concrete examples of good and poor designs. Thus, as shown in Table 1, a
considerable body of fairly detailed information can easily overwhelm the reader. For
example, a table in my own text lists aural alerts in different airplanes. While pilots might
find this information compelling, the average reader drowns in such detail, and this table will

not appear in the second edition. However, this kind of detailed information fills most human
factors textbooks.
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Such details have the advantage of convincing the reader that human factors is more
than common sense. The human factors profession has always needed to stress horrible
examples to emphasize the importance of human factors, which tends to get noticed only
when done incorrectly or not at all. While any aviation human factors education should cover
human factors mishaps, if only to get the crew’s attention, it is difficult for students to retain
lists of details and concrete examples. Thus, some integrating mechanism is also required for
sound human factors education.

Beyond SHEL

The SHEL model --software, hardware, environment, liveware-- provides a conceptual
framework for human factors that was used to generate a model syllabus (ICAO, 1991). Half
of the course time is devoted to the Human Element (Liveware) and the remainder of
pairwise interfaces between the SHEL elements, e.g., Liveware-Hardware, Liveware-Software,
Liveware-Liveware, and Liveware-Environment. Hence the SHEL model provides the
necessary integrating mechanism for sound human factors education.

While the proposed ICAO curriculum does a good job of covering traditional human
factors, it needs to be extended to reflect current advances and recent trends. Such trends
center upon the increased use of cognitive models of human behavior to predict and explain
operator performance and error. Traditional view of human factors are based upon empirical
"knobs and dials" studies. Modern human factors emphasizes the need to predict flight crew
behavior based upon theories of human performance. Especially in highly-automated flight
decks, extrapolation from older empirical findings will not be sufficient. Theory is necessary
to guide human factors measurement, interpretation, and design (Kantowitz, 1992). I believe
the following discussion illustrates how theory can be introduced to pilots without sacrificing
practical utility or creating abstract academic exercises. Indeed, theory, when properly '
explained, becomes a powerful practical tool.

MENTAL MODELS

In this section I first introduce a practical problem that has considerable safety
implications for flight crews, the issue of altitude deviations. The behavior of crews is then
related to their mental model of flight-deck automation. Finally, a theoretical explanation of
stimulus-response compatibility is invoked to help explain why inappropriate mental models
are used by pilots when automation has been implemented in violation of good human factors
practice. ; :

Figure 1 shows that altitude deviations in the MD-80 were a serious problem from
1985-1987 (ASRS, 1990). An Aviation Safety Reporting System synopsis based upon
reported incidents suggested that many of these deviations were related to the automation
introduced in the MD-80. Pilots flying manually tend to slow their rate of ascent when
within one or two thousand feet of the desired altitude. But in the MD-80 automation
maintains a high rate of climb, in some instances 4000 feet per minute. Thus, pilots tended

_to worry that this high rate implied that the automation would exceed the target altitude.
Therefore they manipulated the trim pitch wheel to slow the rate of ascent. However, such
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pilot action also disarms the altitude capture function which the pilots did not realize due'to
the stress of the moment and the poor annunciation provided by illumination of an LED. The
airplane, at a decreased rate of climb, then continued through the assigned altitude.

Ironically, by taking action the pilot created the deviation he or she was trying to avoid.
Neither the automation nor the pilot was controlling the aircraft. :

MD-80 ALTITUDE DEVIATIONS 1985-1987 I

Pilot Deviation

Operational Emor

Operational Deviation

Less than Legal Separation §
Emergeacy

Conflict/Near Midair Collision p
ConflicvAirborne Less Severe ¢
AlyDev/Undershoot on Clb or Des
Alt Dev/Overshoot on Clb or Des

Alt Dev/Excursion from Assign Lo

[ 20 40 &0 &o 100

Figure 1. MD-80 Altitude Deviations 1985-1987 (ASRS, 1990)

The mental model of these MD-80 pilots was that automation functioned in the same
way as another human pilot. When the behavior of the automation failed to match the
expectations generated by this mental model, pilots made a dynamic allocation of function
decision to correct the automation. Eventually, pilots learned through experience how the
altitude capture function really worked and modified their mental model. Altitude deviations
in the MD-30 then decreased.

From a human factors perspective, this problem is one of stimulus-response
compatibility. Figure 2 shows a recent model of frames, rules, and response tendencies
(Kantowitz, Triggs, & Barnes, 1990). Without going into technical details, it is sufficient to
define only a frame as a well-developed knowledge structure derived from pilot training and
experience. Frames tell us what rules to invoke in different situations. For example, what
direction should a switch be thrown to turn on a light? In the United States, the switch
should be thrown up. In England, the switch should be thrown down. In many flight decks,
a "sweep-on" rule is used to determine how overhead switches should be thrown. Knowledge
of one’s environment activates the appropriate frame.

Plans and actions that run counter to established frames, i.e., conditions of low
stimulus-response compatibility, are potential flight-deck problems.” Thus, a pilot’s mental
frame that invokes a rule that automation functions just like another pilot is likely to cause
trouble. The optimal human factors solution is for the original design to be consistent with
stimulus-response compatibility principles. However, airlines and pilots have to use the
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equipment at hand and sornetimes this means that training must be used to overcome design
deficiencies. A pilot who has been educated about frames and mental models is better '
prepared to benefit from such training.

Frames

Response
Tendencies

Figure 2. Stiniulus-Response compatibilities.

FLIGHT CREW EDUCATION

I believe that there are three key issues that are important for the human factors
education of flight crews:

Honor thy user. This is the first principle of human factors. It means that all designs
should take the user’s limitations and strengths into account. Unfortunately, not all flight
decks are designed to meet this vital goal. A crew that is educated in human factors will be
able to evaluate to what extent the first principle has been achieved. This will help them to
fill any gap between their own capabilities and the demands of their airplane.

The crew is part of a system. As the SHEL model indicates, humans, equipment,
procedures, and environments form a system. Any part of a system will influence the other
parts. Since all the parts are important, crews must understand that undue attention to any one
part may compromise their ability to detect error and to implement needed corrections in
other parts of the system.

Knowledge of aviation. Here flight crews have an advantage because their
professional training and experience gives them a deeper understanding of aviation than the
typical human factors expert. General human factors principles and theories are of little use to
flight crews unless they are applied in a concrete way to aviation problems.

The training of human factors professionals is quite arduous, crossing many disciplines
(Howell, Colle, Kantowitz, & Wiener, 1987). Fortunately, operational personnel do not need
to become human factors experts. Instead, they require an appreciation of how human factors
professionals think and approach problems. This can be accomplished through a series of .
human factors case studies that not only illustrate how ergonomists work but also drive home
the point that human factors is quite relevant to aviation. This casebook would be based upon
human factors theory and key concepts that are supported and illustrated by appropriate
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aviation examples. I would make extensive use of incident reports (ASRS, CHIRPS, etc.) in
creating a workbook of aviation case studies. I believe such an approach would be especially
valuable for helping pilots avoid errors with advanced flight-deck automation (Kantowitz,
1992). New methods have been created to analyze incident reports objectively using multi-
variate statistical techniques to relate incident components to taxonomies of flight-related
topics as well as a model of human information processing (Kantowitz & Bittner, 1992).

This would allow appropriate incidents to be selected. A workbook based upon these selected
incidents would help flight crews gain a relevant human factors education.
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IMPLEMENTATION OF HUMAN FACTORS KNOWLEDGE REQUIREMENTS
IN THE CANADIAN FLIGHT TRAINING SYSTEM '

J.H. King
Transport Canada Aviation
Ottawa, Canada

_ It is an honour to be able to share our human factors endeavours with you. And in
keeping with the objectives of the symposium,

I trust that relating our experience to you will open the door to further discussion
and development.

Several Branches in Transport Canada are involved with human factors. Our
Branch--Aviation Licensing--is concerned with pilots who are undergoing training for flight crew
licences. Other Branches direct their efforts at licensed pilots. :

Aviation Training is a Division within the Aviation Licensing Branch. It is divided
into two Sections: Flight Training and Aviation Education. Flight Training deals with skills and
Aviation Education with knowledge requirements. As I represent the Aviation Education Section, I
will address our efforts at developing human factors knowledge. From this perspective, I will
relate how Transport Canada has proceeded with the introduction of ICAO human factors
knowledge requirements in the Canadian Flight Training System.

My discussion will centre around the following:

L. how we utilize ICAO Digest No. 3 in the development of of our examinations and
publications,
2 adaptation of our existing pilot decision-making and aeromedical materials to the

basic ICAO outline,
3. efforts to pass on requirements and reference material to pilot candidates, and
4. research endeavours to improve and validate the program.
ICAO--Basis of the Program
The basis of our human factors program is the philosophy and training curriculum
outlined in ICAO Circular Human Factors Digest No. 3. We altered the ICAO outline slightly and

numbered the headings and sub-headings to fit into a master coding index utilized in our
examination computer system. This satisfies a requirement to code examination questions and to
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identify areas that are being tested.

The study and reference guides for the various flight crew licences were then revised
to include the ICAO human factors topics appropriate for that particular licence. This was done by
checking off items from the master list and including them in the study and reference guide. Many.
human factors topics, such as aeromedical facts, have historically been included in Canadian flight
crew examinations and in corresponding study and reference guides. These were formerly listed
under the Flight Operations section heading, but we have now reorganized the headings.

Our new study and reference guides designate Human Factors as a separate section
heading along with other major headings such as Air law, Meteorology and Navigation. This
produces a distinctive visual advantage that raises the profile of human factors and allows for the
inclusion of a greater number of sub-sections and topics under the heading. I think that this is a
significant starting point.

Pilot Decision-making

Transport Canada’s early commitment to pilot decision-making has been over-taken
by developments in human factors. Briefly this is what has happened. A joint study in the early
1980’s by the Federal Aviation Administration, Transport Canada and the General Aviation
Manufactures Association resulted in a prototype judgement training publication. Other countries
and agencies added their support to the project and a series of Aeronautical Decision Making
manuals were published by the American Owners and Pilots Association (AOPA), Air Safety
Foundation. When the AOPA manuals became available, Canadian instructors were encouraged to
use them on a trial basis--but their use was not mandatory.

In early 1991, Transport Canada produced a combined student and instructor manual
entitled Pilot Decision-Making Manual for Private Pilot Training. The major focus in this manual
is the decision-making process and the factors that influence decision-making. In contrast, the
AOPA manuals contain a greater emphasis on attitudes.

The intention was to make the new manual simple, concise and oriented towards a
broader human factors perspective. The manual also suggests strategies for teaching pilot decision-
making in ground school and in the cockpit. This 14-page reference contains six chapters:

The Decision-Making Process

Factors that Influence Pilot Demsmn-Makmg
Situational Awareness

Stress

Managing Risk

Hazardous Attitudes
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Following ICAO recommendations and practices, Canada has made human factors
including pilot decision-making a mandatory requirement for all flight crew licences. The enabling
document is the Personnel Licensing Handbook Volume 1.

Aeromedical Facts

In order to supplement the reference material available for pilots undergoing basic
training, the Department of Health and Welfare, a government agency associated with Transport
Canada, has produced a manual entitled The Pilot’s Guide to Medical Human Factors. The topics
contained in this manual along with the Pilot Decision-Making Manual for Private Pilot Training
cover the topics included in the private and commercial study and reference guide. The pilot
decision-making manual is directed towards psychological aspects, while physical and physiological
aspects are grouped together in the medical manual.

As a point of interest, in 1981 the Department of Health and Welfare produced an -
advanced book entitled Cause Factor: Human--A treatise on Rotary Wing Human Factors. This
book was ahead of its time containing human factors information that is current today.

Given a strong aeromedical base, we wanted to expand the broader aspects of human
factors into the Canadian flight training system. We had to keep in mind that a number of topics
would be new to some while recognizing that many flying training colleges and larger flying -
schools have been offering excellent instruction in human factors for many years.

Another area of consideration is the time required for human factors training. The
minimum ground school required for private and commercial licence in Canada is 40 hours.
Although 40 hours would be a reasonable minimum for a human factors course, it may not be
practical for a small flight school to provide 40 hours of human factors instruction. Consequently,
the new human factors manuals were designed to be a realistic starting point that could be easily
enlarged.

In future, we intend to put a greater emphasis on aviation psychology, for example
information processing.

Implementation

In addition to study and reference guides, publications and written examinations,
human factors knowledge has been promoted in several other areas.

In 1989, a flight training enhancement project was initiated to develop six additional
training publications to assist flight instructors. These include instrument flight training, private
pilot training syllabus, night flying, multi-engine training, ground school, and instructor training.
All of the publications will include human factors.
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Human factors are also being promoted at flight instructor refresher courses and
flight test examiner workshops held across Canada each year. Targeting instructors is important
because they are probably the most effective means of distributing human factors knowledge.

Research and the Transportation Development Centre

The Transportation Development Centre is Transport Canada’s centralized research
and development organization. It serves as a centre of expertise on transportation technology and
innovation.

In January 1991, our Branch asked the Transportation Development Centre to
undertake a research study to develop and evaluate a total human factors program including
knowledge and skill requirements. The request was based on the questions:

- What human factors knowledge requirements are appropriate for pilots at various
experience levels?

- What human factors skills are appropriate for pilots at various experience levels?

- How are human factors knowledge and skills best learned, and what teaching
methods and activities are most effective?

- What resources are required to support the instructional activities?

- What are the most appropriate testing processes for written and practical
examination, and are there areas that should not be evaluated?

This project is indicative of what we would like to accomplish, and this research is
especially important to validate our initiatives. The project was delayed for a time due to financial
restraints but it is now underway. '

To keep abreast of developments in other countries, representatives from our
Branch have attended human factors courses at the Cranfield College of Aeronautics in Great
Britain and the Aeromedical Training Institute in the United States. We have also discussed human
factors development with the British Aviation Authority (CAA) and the United States Federal
Aviation Authority (FAA).

The Future

Our plans for the future basically consist of continuing in the same direction, but
with an emphasis on the psychological side of human factors.

We are optimistic that the Transportation Devélopment Centre will guide us in the



Circular/Circulaire/Llupxynap 243-AN/146 A-39

development of a total program. We are especially looking for self directed resources aimed at
assisting flying instructors to teach human factors and tools to evaluate both human factors skills
and knowledge.

We will continue to maintain joint human factors committees within our Branch and
other Branches in Transport Canada to liaise with each other and external groups.

Perhaps most importantly, we have recommended to our management that our
Directorate establish various levels of personnel expertise in human factors. If we have the
training and expertise in place, the application of Human Factors will follow.

Summary

I have given you a brief description of how the Aviation Education Section of
Transport Canada has proceeded with the introduction of human factors knowledge requirements.
There is much more happening in human factors in other groups and directorates in Transport
Canada, but I have been speaking for my Section.

I have discussed (1) how we have used ICAO Digest No. 3, (2) how we have
adapted aeromedical and pilot decision-making materials to the ICAO outline, (3) efforts to pass on
information to pilot candidates, and (4) research activities.

1 have presented this to you knowing that we have just commenced our human
factors journey and knowing that there is a great deal more to do. I hope that sharing this
beginning with you will open the door to much more discussion of the subject with each other. .
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HUMAN FACTORS IN GENERAL AVIATION
Ronald D. Campbell (IAOPA)

Introduction

For the purpose of this paper, the term General Aviation also includes Aerial work opera-
tions as the statistics quoted apply to the period before ICAO separated these two activities.

Most (if not all) books published on human factors are written around multi pilot opera-
tions in large aircraft, thus a large part of such books are of little interest to General Aviation
pilots who, in the main are engaged in single pilot activities. This means that most of the human
factors material which is available for reading concentrates on human inter-relationship on the
flight deck, much of which is irrelevant to General Aviation pilots.

This results in a situation where although the subject of human factors in aviation has at
last been given much greater exposure, it has been mainly directed at the Commercial Air Trans-
port sector, which is the smallest segment and also the one in which the least number of acci-
dents occur. Nevertheless, this is understandable in view of the fact that just one accident involv-
ing a multi pilot aircraft can affect the safety of a large number of passengers. If we are to
improve safety across the total spectrum of aviation operations, more emphasis must be given to

“the sectors which conduct the largest number of aviation movements, and in this respect it should
be noted that General Aviation conducts over 8 times the number of aircraft movements than the
Commercial Air Transport sector.

However, human factors involve pilots and therefore what is probably more relevant to this
symposium is the fact that some 80% of all pilots operate within the General Aviation sector. It
is also pertinent to point out that a number of single pilot air taxi operations occur within the
Commercial Air Transport sector. From this we see that in terms of pure numbers, our current
human factors education is predominately aimed at the lowest number of active pilots, and the
following: general figures illustrate this fact.

Aviation facts - World Wide

Due to small annual variations; the following figures are épproximate.
Pilots - 1 million
20% of all pilots are employed in the Commercial Air Transport sector
11% of all aircraft operate within the Commercial Air transport sector
80% of all pilots operate within the General Aviation s'ecto;

89% of all aircraft operate within the General Aviation sector.
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Total Aircraft 330,000
Aircrafi employed in Commercial Air Transport operations - 40,000
Aircraft employed in General Aviation operationls - 290,000
Total aircraft movements (departures)
Commercial Air Transport - 18 million
General Aviation ' - 99 million

Although the latest ICAO figure for annual flying hours being completed by Commercial
Air Transport (CAT) and General Aviation (GA) show that GA conducted just over twice the
flying hours done by CAT, this does not show a true comparison when it comes to measuring
safety factors. This is due to the fact that the 'risk factor' varies with the type of operation being
conducted, and the specific phases of flight in which past accidents have occurred.

Pilot experience versus the environment

If we are to succeed in improving GA safety through the human factors approach, we
clearly need to establish the operational environment which GA pilots have to cope with, as
distinct from their contemporaries in CAT operations. In accepting this philosophy, the follow-
ing factors would have to be considered in structuring human performance education for private
pilots, while bearing in mind that a number of these factors would also apply to pilots engaged in
Aerial Work activities.

EXPERIENCE & ENVIRONMENTAL FACTORS FOR CONSIDERATION

90% of pilots used in CAT have an instrument rating
10% of private pilots have an instrument rating

75% of the hours flown in CAT are carried out with two pilots on board _
95% of the hours flown by private pilots are conducted with only one pilot on board

90% of aircraft used in the CAT sector have two or more engines
90% of aircraft flown by private pilots have only one engine - a significant fact when one
engine fails

Pilots involved in CAT fly on average 300 to 500 hours per year
Private pilots fly on average, say 10 to 30 hours per year

Pilots involved in CAT have on average 5 times more training in terms of hours and
experience than private pilots
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85% of flights undertaken in CAT take place in the confines of protected airspace
90% of the flights undertaken by private pilots take place in uncontrolled airspace

CAT flights are conducted mainly from large well equipped aerodromes
Private pilots operate from small aerodromes and landing strips, the latter leaving little
margin for pilot error

60% of all accidents occur during the take-off and initial climb, and the approach and
landing phase of the flight:

The average length of a CAT flight is 2 hours

The average length of flights conducted in GA is 30 minutes
Thus GA flights are exposed to the highest risk area 4 times more often than those in CAT.

Additionally, the annual total flying carried out in GA include 1 million hours with student
pilots at the controls.

From the preceding facts it can be seen that type specific information is needed when
developing programmes aimed at improving pilot behaviour during single pilot operations.
Currently during training, all pilots are indoctrinated into the facts concerning aircraft perform-
ance. However, it is just as important for all pilots to have an understanding of human perform-
ance and how fatigue, stress, anxiety, lack of arousal and imperfect communication between
others and oneself can inhibit the ability to make sound judgements and decisions.

The ability to safely operate an aircraft stems from the development of physical skills and
cognitive judgement. The definition of the latter can be loosely stated as:

‘getting it altogether through perception, reasoning, or intuition and arriving at a correct
decision and then implementing it at the right time'.

However, in this respect the main problem which faces the pilot is the fact that, whereas physical
skills can be developed through good tuition and practice, cognitive judgement is much more
difficult to acquire. This is because the cognitive process has no colour, shape, size or feel, thus
it can only be developed through the acquisition of knowledge and implemented by the use of
intellect in conjunction with experience (or experiences).

If we study the recorded details of past incidents and accidents, it is not difficult to see that
in most cases it was not so much a lack of physical skill which gave rise to the occurrence, but
rather the lack of a good decision implemented at the right time. Therefore, it is this aspect to
which our training initiatives on human factors must be directed.

The limitations of flight checks

In this respect, that oft quoted panacea for safety - the 'flight check' is not enough, because
all pilots know that on these occasions, their pay cheques or their privileges are on the line, and
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being cognisant of this fact,"will operate by the book. What concerns us today are the flights
conducted after the examiners or check pilots have completed their assessment and gone on their
way. Itis then that human behaviour reverts and so easily becomes prone to errors of judgement,
brought about by the insidious presence of complacency and other common behavioural atti-
tudes, which of course are not casily recognisable in oneself.

Human factors education

Following the publication by ICAO of the 8th edition of Annex 1, considerable interest has
been aroused and much work is being done to bring the subject of human attitudes and
flightcrew co-ordination to the fore during training and at regular intervals thereafter. However,
in relation to single pilot operations and the individual type of activity ranging from recreational
flights to aerial work, it is far less practical to construct programmes for reinforcing knowledge
of human performance aspects after completion of basic pilot training.

Human factors and the flight instructor

Flight instructors are the people most involved with pilots education, and this is particu-
larly so in the case of private pilots, a group who hold over half the world's pilot licences. There-
fore it is vitally important that flight instructors have an 'in depth' understanding of human fac-
tors, if they are to inculcate awareness of human behaviour into student pilots during their initial
training and while they are under supervisory control.

Notwithstanding the fact that flight instructors aim to impart good judgement, it is gener-
ally done in an irregular fashion, mostly based upon specific situations as they arise. This is
largely because there has been no structured guidance material or specific written goals within
the various pilot syllabuses. Traditional training programmes in the past have tended to focus on
physical pilot skills rather than on cognitive judgement.

The statement in the foregoing paragraph can be reinforced by the fact that while there is a
surfeit of books covering the development of flying skills and technical knowledge, it is only in
recent years that books have appeared which relate to the involvement of human factors in
aviation. This has been an encouraging move, however while it would be wrong not to acknowl-
edge the expertise of the authors of such publications and the excellent work they have done, it
must also be appreciated that these books have to be easily understood by people who wish to
obtain a pilot's licence and be competent in that role, rather than becoming experts in psychology
or physiology. To sum up this last statement, we need more written material which states the
facts simply, and to which the reader can relate in the environment of the cockpit rather than a
deep and extensive psychological treatise on human behaviour.

Conclusions

Bearing in mind the important part which flight instructors play in establishing levels of
safety to both students and qualified pilots , the way forward would be to incorporate specific
human factors training programmes in all initial flight instructor training courses. In addition
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re-current training in this subject via seminars should be a mandatory requirement for re-validat-
ing flight instructor ratings.

Seminars, specifically designed to cover human factors with an emphasis on the develop-
ment of good judgement and decision making should become a standard method of communica-
tion between civil aviation administrations, flight safety officers and General Aviation pilots.

More readable, motivating written material, aimed at the total pilot population, should be
made available and in a form which encourages student and qualified pilots to give greater
thought to human behavioural patterns in relation to reducing risks and developing better judge-
ment and decision making,.
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NEW AVIATION PROFESSIONALISM:
KNOWLEDGE SYSTEMS THAT INTEGRATE HUMAN
FACTOR COMPETENCIES ‘
IN JOB PERFORMANCE

Dr Graham J F Hunt

Massey University
School of Aviation
Palmerston North
New Zealand

Abstract

One of the much used words in aviation is that of "professionalism". Every pilot wants the
privileges (especially money), respect, and responsibilities that come from being a captain
employed by a major airline. To achieve this end, pilots accept that the means to such an
end involve high technical standards of performance, integrity and an acceptance of the
“rules of progression" from trainee pilot, second officer, first officer and finally captain.
Similar aspirations may be found with air traffic controllers, maintenance engineers and
other occupational groups within the industry. Acceptance of these "means to an end" are
what job incumbents mean when they describe their work status as "being professional”.
However, is this label legitimate. This paper will examine strategies which will need to be
implemented if airline flight crews, air traffic controllers and maintenance engineers are to
develop from craft based operators, to members who can be accorded the status and
responsibility practiced by most of the recognised professions. Aviation's need for an
internationally recognised tertiary-delivered, content of knowledge, long accepted by other
professional groups, is discussed. Included in such knowledge systems will be the need
for integrating human factor dimensions, with those that recognise the cultural context in
which aviation personnel operate. The new professionalism in aviation will result in
expanding the competencies of its members in technical, management and human factor
applications.

The Nature of Professions

One of the much used words in aviation is that of "professionalism". Every pilot wants the
privileges (especially money), respect, and responsibilities that come from being a captain
employed by a major airline. To achieve this end, pilots accept that the means to this end
involve the attainment of high technical standards of performance, integrity and an
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acceptance of industry folk laws including seniority systems for career progression from
trainee pilot, second officer, first officer and finally captain. Acceptance of these "means
to the end" are what pilots mean when they describe their work status as "being
professional”. However, is this a label which accurately reflects current status, or is it a
hope for some future social attainment?

What is a Profession?

The word "profession" conjures up many images: high public esteem, respectability,
independence, prestige, and in many cases, wealth. Traditional professions, medicine, law,
engineering - are almost universally accorded high prestige status when compared with
other occupational groups - construction workers, sales . representatives or clerical
workers. And in most societies, education for a career in one of the major professions is
regarded as a gateway to financial and social security. The best students from secondary
education fiercely compete for available places in the professional faculties of a nation's
best universities. To succeed, students must devote long years to education and training,
achieve a high level of self-discipline and be prepared to expend . considerable sums of
money (either from their own or family's financial resources, or through those resources
provided by the state).

If it is this kind of status which pilots either believe they are a part of, or seek to become a
part of, what are its characteristics. What is it that professions have which set them apart
from other occupational groups, and for which individuals or families will sacrifice so
much in order to be admitted? This author believes there are at least 3 characteristics
which are important is separating "professions" from other working groups:

1, Ways of acting or operating which relate to "discipline-based" procedures rather
than "craft-based” practices.

2. A defined body of knowledge (or knowledge system) which is generally agreed to
be requisite for the group to operate in a professional manner, and which is
organized in such a way that the knowledge system becomes "owned" by its users
(the professional incumbents).

3. Accepted codes of individual and group conduct and procedures for punishing
infractions against such codes.

Characteristics of a Profession
L "Discipline" versus "Craft-Based" Practices

Characteristics of Craft-Based Practices.

It is the shift from craft-based practices to discipline based methodologies that usually
signal the emergence of a "professional discipline". The business of transferring knowledge
from a master craftsperson to novice in a crafts-based occupational context, is invariably
based around the following activities and structures:
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The novice is required to observe the processes and products of the "master”
Initially, the learner is not allowed to do anything, but "watch" and "leam",

After a period of time, the master, "seeing" that the novice is ready to progress to the
next stage, will invite the student to execute some of the basic skills that he or she
has observed. These skills will be very simple and general.

A good deal of time will be allocated so that the student can practice and practice
again these defined skills until a high level of mastery has been achieved. Often, this
“time to mastery" will be quantified and documented in some industrial ward or
competency type statement.

More skills will be added to the novice's repertoire of skills. Some of them will be
more complex extensions of those previously learnt. Again, the mastery of these
more complex behaviours will be defined in terms of allotments of time the master
believes is required for the skills to be learned, as well as to experience the ways in
which the skills might be used.

Should the master describe the way in which knowledge is to be transferred, these
descriptions would more often than not emphasise concepts of linear gradation, that
s, teaching from concrete objects to abstract concepts, and progressing from simple
knowledge and skills to complex expert performances.

Useful though these approaches to training might seem they contain a number of obvious
disadvantages:

1.

The novice's performance is very dependent upon the quality of the master, since this
person is the "fountain of knowlcdgc" If the master's ability to transfer his or her
knowledge is poor, the novice's chances of acquiring those requisite kn0wlcdgcs and
skills is also likely to be poor.

The knowledge that the master has acquired, and now demonstrates as his or her
expertise, is different from the knowledge required in achieving that expertise. It is
difficult for many masters to make this distinction. They wish to impart the
knowledge they currently use, not the knowledge and skills which were needed to be
acquired before their competency could be expressed.

Undertaking practice in the real world of the master may be expensive, and
dangerous if mishandled. It may well be better to provide instructional simulations of
the real world so that the novice can practice the requisite knowledge and skills in
safe and inexpensive ways.

It is often difficult, if not impossible to get into the "mind of the master". High Jevels
of understanding generally require access to the broader disciplines from which the
specific applications are derived.

Most examples of ab initio pilot training follow the craft-based model of competency
development. Experience is defined by regulatory authorities in terms of logged hours.

Criteria for the award of private or professional licences are based upon prescribed flight

hours. Little attention is paid to how those hours might have been achieved, nor the types
of environmental or human factor conditions which might be required to optimise



A-48

Circular/Circulaire/Lupxy.nsap 243-AN/146

"mastery performance”. The broader disciplines for problem solving and decision making
are absent.

Examples of Occupational Groups which have progressed from craft-based to
discipline based learning.

General Practitioners - The forefathers of todays general practitioners were individuals
who diagnosed a patients problems, created the remedies and prescribed the treatment
regime. If the patient lived, their fame and reputation grew (so too, presumably did their
fees). If the patient died, forces from the other side of consciousness, and beyond the
reasonable control of the practitioner, were found to explain the unfortunate failure. It
was someone or something else's fault. It is perhaps interesting to note that many of the
occupations which were the forerunners of todays prestigious professions still exist.
Surgeons who still are required to exhibit a high degree of manual dexterity only separated
from a manual workers union, the English Barbers Guild, in the seventeenth-century.

Elementary School Teachers - Elementary teachers might argue that they have only
comparatively recently joined the ranks of true professionals. Teacher training has long
been a craft-based practice. Entry into the so called profession required that a teacher
trainee be assigned to a "master teacher" and admonished to observed the ways and means
by which he or she handed down knowledge and skill to those intrusted to their care.
Such "masters" might well have declared (and often did) that "You don't need a university
education to teach kids - all you need is a strong arm and a powerful voice to force the
right ideas into their little heads."

In many countries, pre-service training for elementary (and secondary) teachers now
require at least three years of tertiary based intensive theoretical and practical education.
The content of such study includes an extensive examination and application of scientific
disciplines such as psychology, sociology, the sciences, educational practices, and
classroom management.

2, A Body of Aviation Knowledge

Discipline-Based Knowledge

The theory of professionalism has much to do with how knowledge (and/or skill) is used
by its owners (the knowledge incumbents) to pursue their activities. Most often the
professions are centred on typical 'problem-solving' systems of knowledge and or skill.
The problems are posed or solved in a conceptual framework. These concepts and their
relatior_1 one to another tend to be used by convention in one way and not another, and
those who have the appropriate education or training know how to use it. Two points of
view have arisen on the importance of knowledge systems. The first asserts that what is
important is the prestige and power that the knowledge provides the owners, whether or
not that knowledge has any real value in solving problems (Collins, 1979). The second
views knowledge acquisition as much more instrumental to professionals (it is knowledge
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that is required in job performance) in actual problem solving, and in enhancing their
standing in society. Itis this second perspective that has importance in aviation. Pilots are
charged with the requirement to conduct their activities in a professionally safe and
effective manner. The knowledge to do so must be instrumentally Vvalid and more
inclusive than just the technical requirements of flight performance or systems
management. It must include the operational competencies for safe and effective
performance, and also the cultural, managerial and human factor abilities that high capltol
high technology, and high socially significant systems demand.

The knowledge system which supports pilot performance has evolved dramatically in only
a few short decades. For centuries the human race's fascination for flight was expressed in
many artistic and ingenious attempts to emulate the bird. Not untl sufficient knowledge
had been assembled in related dimensions such as aerodynamics and the requisites of
power-to-weight ratios were Orville and Wilbur Wright able to make their first epic flight
in 1903. As an aside, there is still some support for the view that the world's first powered
flight took place not at Kitty Hawk, but on a desolate farm in the South Island of New
Zealand at Waitohi by a recluse inventor, Richard Pearse. If such a flight did take place
on the date claimed by many, March 31, 1903, the event would have predated the much
publicised Wright Brothers epic by 9 months. Whatever the case, the fact that he was one
of the earliest pioneers to access this same knowledge system, though separated by
thousands of miles from other pioneers of the knowledge, is not in dispute.

In the pioneer days, selection criteria for persons who might become owners of the
knowledge (pilots) tended to emphasise ingenuity, tenacity, versatility and adaptability.
Like the forefathers of todays medical practitioners, early pilots were required to invent
the resources which could be used in applying the then known knowledge. For example,
as Elwyn Edwards has described "Flying was uncomfortable, difficult and hazardous.
Experience indicated, however, that certain basic aids were essential in order to achieve an
acceptable level of control. Early amongst these was the famous piece of string tied either
to the trailing edge of an elevator or to a lateral frame member so that the pilot could
avoid skid or slip during a turn by keeping the fluttering sting parallel to the fore-and-aft
axis of the aircraft. Without this aid, turns could easily lead to a spin from which there
might be no recovery (p.6-7)."

One of the earliest atterpts to construct a pilot training curriculum was that developed by
the British pioneer aviator, Robert Smith-Barrie. In 1913 he produced the first Fiying
Training manual. His reasons for doing so were quite clear. Contemporary approaches to
disseminating flight knowledge to trainee pilots was haphazard, capricious and sometime
quite untrue. The best instructors were promoted from training to administration or other
activities, and took with them their knowledge and experience. New instructors were
reliant on the knowledge that had been passed to them from their instructors, right or
wrong. An analysis of his manual is interesting. It comprised three major content areas:
practical flying (about 85 percent of instruction); engines (controls and maintenance - 10
percent); and map and compass reading (5 percent). What might have been termed
"airmanship" was more closely identified with "officer qualities”, skills in horse riding and
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mess etiquette. These attributes pilots were expected to have developed prior to
undertaking flight training.

A Model for Identifying Requisite Pilot Knowledge

Analyses of requisite pilot performance have traditionally been derived from
observations of flying skills ("stick and rudder") and the individual's knowledge of flight
rules and procedures. When these dimensions have been translated into predictive
indices, no more than about 25 percent of the variance of performance at advanced stages
of competency have been accounted for (Roscoe and North, 1980). However, as these
researchers note, despite the prediction problem, flight crew are able to identify
"abilities” such as estimating probable outcomes for different courses of action, or
attending to resolving an emergency without losing control of the on going routine
procedures. The trick in developing a map of pilot competency is to be able to relate
these types of requisite abilities to contextual applications. For instance, consider the
abilities involved in executing a landing. At least two are critical: assessing the relative
position of the aircraft in relation to the ground; and perceiving the changes in the shape
of the runway in relation to reducing height. A description of this interactive process of
ability and context might be provided in an instruction to a trainee pilot such as:

"You will recognise the flare height when the runway
appears to expand rapidly outwards. Use this view as the
cue for assessing the moment at which you need to flare."

In this example, the identification of each "ability" assumes a larger, more integrative
knowledge base from which it has been derived. In a knowledge structures hierarchy
model of pilot competency, this assumption is structured in a top down, three-level
hierarchy of increasingly specific capacities to process knowledge. This method
developed by Hunt (1986), provides a procedure for mapping abilities in a manner in
which interactive specifications of human competency can be prescribed.

Figure 1 Knowledge Structures Hierarchy

" Accomplishments

Performances

Abilities
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At the Apex of the hierarchy is the Mission or overriding goal. This is the purpose to
which all the accumulating activities are directed. These statements claim their validity
from the degree to which all participants within the mission's purview can agree to its
value and usefulness in providing direction and purpose. In civil aviation an acceptable
mission might be “the process of managing and operating the transportation of people
and goods by air, both nationally and internationally, in a manner which maximises
safety, efficiency and effectiveness.” Such a statement provides goal directed purpose for
identifiable sectors within the industry; aviation regulators; air traffic controllers, airline
operators; aircraft manufacturers; travel and tourist operators; airport managers and
administrators; flight crews; cabin crews; aircraft maintenance engineers; and passenger
service personnel. Each of these groups must in turn translate the macro based statement
into sector mission statements giving specific focus and direction. For airline flight

crews, a sector mission might be "to operate and maintain scheduled aircraft services

which maximise safety and enhances the efficiency and effectiveness of the airline'’s
services.” In this statement implicit reference is being made to a number of pre-requisite
capabilities. Such a sector mission could not be achieved without the prior attainment of
the organisation's ability to be "accomplished" or highly competent in the complex
behaviours which underlie flight standards and flight operations management, command,
and the management of other technical sub systems.

The level beneath the mission provides individual elaborations of the goal's directives.
These elaborations or accomplishments are the broad functional capabilities which
contribute to personal expertise. Each accomplishment is the synthesis of two or more

generic knowledge bases which are stored in and retrieved from long-term memory. For
example, the flight crew accomplishment of command, defines a capacity to exercise

formal, legal power and authority over aircraft crew and passengers and to establish and
maintain effective and efficient crew performance.

Each accomplishment is in turn defined by two or more performances. A performance is
a statement of procedural knowledge ("intellectual skill," "knowing how") that is
required in executing an accomplishment. This entity is an application of the concept
developed by Newall and Simon (1972) who propounded the notion of a cognitive entity
as a production, which entered into more complex production systems. Such an entity
comprised a rule of procedural knowledge composed of a condition and action Gagné &
Glaser, 1987). In this knowledge structures hierarchy model, performances provide the
intellectual skill definitions related to individual accomplishments. One performance (for
example making in-flight adjustments), may with other performances, provide the
particular characteristic of a given accomplishment (say, aircraft performance
management). That performance, in a different constellation of performances, will
provide the construct for another accomplishment (for example, navigation
management). Competency analyses of flight crew behaviour (Crook & Hunt, 1988)
have identified that the command accomplishment can be defined by six performances,
each one providing a subordinate contribution to its dependent accomplishment. These
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performances have been identified as caprain supervising, pilot maraging, managing
critical incidents, and managing crew interactions.

The base of the hierarchy is provided by the specific abilities which define each of their
superordinate performances. Specific abilities may have both cognitive and affective
applications. For example, from the accomplishment of command and its performance,
crew interacting, cognitive abilities are included in assessing, decision-making and
monitoring, and affective abilities in leading and listening.

A Map of Pilot Competency

In a study of pilot competency (Hunt, 1990) a sample of 120 airline pilots were surveyed
for their perception of the desirable ability attributes for pilot performance. From a
mission statement which found more than 75 percent of the sample agreeing to a goal
which explicated "the process of managing and operating the transportation of people
and goods by air, both nationally and internationally, in a manner which maximises
safety, efficiency and effectiveness.” a canonical discriminant analysis generated six
statistically significant accomplishments. Further analyses revealed that these
accomplishments could be categorised into two groups (figure 1). The first related to the
pilot's operational management of the aircraft and its systems. These accomplishments
together are described as “piloting accomplishments.” The second cluster prescribe the
pilot's relationship to the types of operational requirements (air transport, aerial work,
etc.,) and flight standards (regulatory and organizational requirements) which impact
upon flight crew procedures. These are described as the pilot's “environmental
accomplishments."

Figure 2.
MOST IMPORTANT PILOT
ACCOMPLISHMENTS
systems management [T P

Flight Standards

Fight Operations

25

Percent

In the piloting accomplishments both aircraft performance management (APM) and
aircraft systems management (ASM) have a similar magnitude in perceived importance.
APM 15 defined as the accomplished ability to safely and productively control the flight
profile of the aircraft under Visual and Instrument Flight Rules (VFR and IFR) from
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“take off" to "landing.” It embraces all the capacities a flight crew must engage in order
to operate and control an aircraft through the performance modes of take off, climb,
cruise, manoeuvre, descent and land. In contrast, ASM is defined as the accomplished
ability to safely and productively manage the aircraft's technical systems in all
environmental and performance conditions including the flight crew ability to recognise
abnormal aircraft system performance, identify malfunctions and arrive at solutions to
remediate the conditions.

The third piloting accomplishment is navigation management. This accomplishment is
defined as the dynamic process of systematically determining the position of an aircraft
in flight in legally defined operating conditions and taking it safely and productively in
those conditions from a given position to the desired destination.

The final piloting accomplishment is command. While there are legal role connotations
embedded within this accomplishment for analytical purposes this critical piloting
outcome is defined as being the capacity to manage interpersonal relationships with inter
system relationships (aircraft crews, passengers, and air traffic, with aircraft systems and
performance requirements) in order to achieve the operational goal of a flight. It may
include the exercise of formal, legal power and authority over other crew members and
passengers, but also includes the responsibilities of a First Officer (whether that officer
be in a "Pilot Flying" or "Pilot Not Flying" status. It is within this accomplishment, but
not exclusively related to it, that much of the focus of “"crew resource management"
(CRM) (Helmreich, & Wilhelm, 1991) takes place. ‘

An Example: Flight Crew Performance Management

Effective flight crew performance has been defined by Chidester and Foushee (1989) as a
joint product of the piloting skills, attitudes and personality characteristics of team
members. As Jensen and Biegalski (1989) and others have suggested it is to the first
component of this definition that much of the effort in training has been historically
expended. Only in more recent times, and especially since the airliner collision at
Teneriffe in 1977, have attitudinal and personality characteristics received much attention
for training purposes. The focus of this attention has been to enhance the problem-
solving and decision-making strategies of crews in normal and abnormal operating
situations. However, as the studies reviewed by Chidester and Foushee reveal, short
training interventions to achieve personality changes which might induce more
consultative, open and collective problem-solving leadership offer little promise. Further
more, although the evidence is less conclusive, attitude modification training
programmes for the same purpose tend not to be effective when delivered over short
periods of time. On the other hand, as Rumelhart (1981) has argued, effective problem-
solving and decision-making strategies can be established if the information structures
which underlie them are built into clearly organised knowledge structures and schemata.
Such schemata represent procedural knowledge (accomplishments, performances and
abilities) and the interrelationships between objects, events, and sequences of events.
Once an appropriate schema is retrieved to working memory, knowledge processes are

available to problem solve a situation. However, the variable for ultimate effectiveness -

is the prior organization and perception of relevance that the schemata may provide
Flight crew performance management (FCPM) then is seen as a process for developing
schemata to enhance problem-solving and decision making strategies on the flight deck.

An example of FCPM schemata can be seen from figure 2. The key piloting
accomplishment command is defined by five contributing performances: crew
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interactions, resolving conflicts, captain supervising, managing critical incidents and
pilot managing

Figure 2

Performances which define
COMMAND

Pilot Managing
Mng Critical Incidents

+ Captain Supervising § Crifical
Resolving Conflicts § & potent
Crew Interactions | B Frequent

0O 01 02 03 04 05 06 07 08 09

Coefficient

Wilks Lambda 7327 Chi-Squared 121 91 DF 52 Significance 0.00p<.01

Each of these performances are in turn defined by process abilities which combine in a
cognitive and affective manner many of the attributes which have been the subject of
CRM type courses (figure 3). As the data demonstrates, the effective execution of a pilot
managing performance in both Pilot Flying and Pilot Not Flying modes is predicated on
the previously stored abilities for decision-making, oral communicating, controlling,
assessing, leading, monitoring and active listening.

Figure 3.
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For training purposes, each of the capacities when defined as performances or process
abilities can be analysed in terms of the impact they make in defining their superordinate
performance or accomplishment. Added to this as figure 2 illustrates, is an instructional
weighting continuum which identifies each capacity as being "commaon,” "potent,” or
“critical.” A critical performance or process ability is one in which the size of the
correlation within the discriminant function is high (approximately at least +.30), while
at the same time accounting for a high proportion of the reported observations. The size
of the correlation is based upon each capacities pooled within-groups correlation between
-discriminating variables and canonical discriminant functions. A potent performance or
process ability is one in which the size of the correlation within the discriminant function
is high, but the frequency of reported observations is less than 35 percent of the total
observation. At the level of least impact are those performances and abilities which are
common. These entities have a low discriminant coefficient and are reported on by less
than 35 percent of the observations. Common entities tend to equate with the "core"
components of a training syllabus, while potent and critical entities suggest crucial
capacities for learning and competency acqu1smon In the discriminant analysis of the
process abilities underlying pilot managing both decision-making and controlling
resulted in critical weightings, while active listening, monitoring, assessmg and oral
communicating were found to be common.

Validating Knowledge Structures

Gagné and Glaser (1987) have assumed that different learning outcomes require different
conditions for competency acquisitions. Similarly, if the content of learning (especially
declarative (knowing that) and procedural knowledge) can be specified in terms of facts,
concepts, rules and procedures, so can the thinking processes which are required to
transform the information into expressed outcomes. One approach to this two-
dimensional matrix has been described by Merrill and others (Merrill, 1983) as a
performance-content matrix. A ‘modification to this matrix has been made by the author
and applied to the identification of the levels of learning outcome processes to content
knowledge structures. For example (figure 4), examine the learning process and content
knowledge requirements for solving this question:

Frequent inspections should be made of aircraft exhaust manifold-type heating systems
to minimise the possibility of

(a) . exhaust gasses leaking into the cockpit.
(b) a power loss due to back pressure in the exhaust system.
(c) a cold running engine due to heat withdrawn by the heater.

A-55
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Figure 4 Knowledge-Process Qutcome Matrix

Hypothesize

(Solve new problems)

Use
(Apply information)

Remember
(Recall information)

Fact Concept Rule Cognitive Flight
: Procedure  Procedure

The answer to the question lies in the student being able to access rule knowledge and
process this information at the "remember a rule” level of learning outcome. Recognition
of these content-process intercepts can be used to validate the applications of knowledge
structures in the context in which the capacities will be used. For instructional design
purposes, these content-process interactions are identified through the construction of
competency specifications (figure 5). Such specifications not only detail the contextual
application of the knowledge under consideration, but also the means for determining a
criterion-based measure of the competency's validity. '

The ramification of these results for training and regulatory purposes are significant.
They provide licensing authorities, trainers and flight crew examiners with an objective
means of defining, prioritising, instructing and evaluating flight crew competencies. Given
such maps of pilot ability and the contexts in which they apply, it is possible to construct
competency specifications identifying the interaction of abilities with any number of their
contextual applications. For example, in a competency specification which focuses on the
accomplishment command management, and pilot managing as a critical performance, a
crew resource training application for this competency might be:

"Given busy radioltelephone traffic, including the issuance
of amended decent profiles, the First Officer is required to
brief the air crew on arrival and approach procedures in
accordance  with the airlines standard operating
procedures. The Captain will assess the appropriateness of
the plan and the alternatives which have been suggested to |
cope with a shortened visual approach or emergency. The
Captain will decide on which strategy is best."”
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Figure 5
' Competency Specification

Task Context

Given busy radio/telephone traffic, including the issuance of ammended decent profiles,
the FO is required to brief air crew on arrival and approach procedures in accordance with
airline's SOP's. The Captain assesses appropriateness of plan and alternatives which have
been suggested to cope with shortened visual approach or emergency. The Captain will '
decide on which strategy is best. '

In this example, the performance of pilot managing is being examined through the
interactive application of the abilities of such as speaking (oral communicating), active
listening (being able to critically listen for relevant information) assessing (determining
relevant environmental and interpersonal conditions), and decision-making (choosing the
best of competing alternatives). Cognitive and affective skills are embedded in the overall
mastery of the accomplishment.

3. Professional ResponSibility

A third characteristic of a profession is the way in which it organizes and moderates its
activities, particularly in relation to its clients. Carr-Saunders and Williams (1964) and
others have gone so far to declare that no profession is a "true” profession until it throws
up an "autonomous corporate association with the function of guaranteeing the
competence, honour and security of its members.” However, this principle of autonomy is
atypical of the vast majority of professions. In England, probably only barristers could be
regarded as "true" professionals. The more usual form of relationship is through some
form of collegial control modified by state or external regulatory controls. In aviation, the
potential for this characteristic to be met may be found through the interactive relationship
of regulatory licences, airline corporate governance, and pilot associations. A pilot's legal
status is defined in national civil aviation legislation and the privileges under which
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employment is executed, through the various licences and ratings which the legislation so
recognises. However, the conditions of service which may apply to any given pilot
(excluding those conditions which may be deemed to impinge upon safety - for example,
flight hours and rest periods) are more a function and responsibility of the particular airline
or employer.

One of the major anomalies of the pilot fraternity is the system of company seniority. The
airline pilot is firmly attached to his or her company, since seniority is not transferable. In
large airlines, promotion from second officer to first, and especially from first to captain, is
slow. Stone and Babcock (1988) have suggested that in large airlines it may take a pilot
15 to 20 years before being made a captain. Airlines, largely supported by regulatory
authorities condone the seniority system. It is the traditional system, and a system which
requires few assumptions to be made about competency. Increased competency is simply
the sum of experience, which is the sum of time spent in continued flight operations.
However, the Airline Deregulation Act of 1978 may be part of the processes of changing
these conventions. In this environment pilots are increasingly seen to be more critical to
the airline's success. In a less regulated environment, completing a mission, at minimum
cost while achieving maximum revenues is having the effect of making the pilot a more
critical factor in the operation, beyond the accepted safety dimensions. Pilots see their role
as being more susceptible to "pushing" - being forced by direct or indirect means to
compromise safe practices in order to complete flights. Regulators increasingly
recognising these pressures are supportive of changes to pilot education and training.
Programmes like the FAA's Advanced Qualification Program are examples of ways by
which new approaches to pilot competency may be researched, implemented and
evaluated. The net result of these trends, and a more scientific understanding of pilot
competency, may move pilots away from inflexible seniority based systems of promotion
to professionally prescribed systems of competency-based performance.

Pre-Service Education and Training

Finally, all major professions require a pre-service educational programme in which
candidates undertake significant periods of formal education study prior to entering the
practice of their chosen profession. These programmes are located in the professional
schools of multi faculty universities - schools of medicine, law, architecture, dentistry, and
now aviation. In retrospect, it is perhaps surprising that aviation has been so slow in
recognising the need for more formal educational approaches for entry into the industry.
The statistics clearly demonstrate that while flying may be much safer than driving a motor
car, it is not as safe as it could be.

In the first half of 1989 more than 600 people died in 26 aircraft accidents. This compares
with an annual average, calculated since 1959, of 567 persons (IATA, 1986). The
prognosis for eliminating human error in aviation accidents is not very good. The
consistency and stability of these figures across time, political and cultural boundaries is
remarkable. Hawkins (1987) reporting on a German study by Meier Muller in 1940
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concluded that in that year 70 percent of all aircraft accidents could be attributed to some

form of human factor deficiency. In a more detailed analysis of only judgemental and
decision-making factors, Jensen and Benel (1977) identified these two components of
human factors to account for 52 percent of all general aviation fatalities in the United
States from 1970 to 1974. To sum up, approximately 70 percent of all fatalities are due to
pilot or air traffic induced error. Of the remaining 30 percent, probably about 12 percent
can be attributed to weather related factors, 9 pefccnt to acts of terrorism of one kind or
“another, 6 percent to maintenance defects and only about 3 percent to structural failures.

Pilot training must change. University based approaches may provide a means to that end,
but only if they develop integrated programmes - that is, academic curricula which
integrate flight skills with technical, scientific and human factor disciplines. There are a
number of major international universities which provide aviation education, The Ohio
-State University; the University of Illinois; and the University of Newcastle (New South
Wales, Australia) and Massey University to name some. However, Massey University is
one of a very few which achieve an integrated programme. The Bachelor of Aviation is an
undergraduate degree which includes 2 year full-time Flight Crew Development for
students wishing to integrate pilot training (commercial and air transport licences and
ratings) within an academic programme.

Figure 6

Integrated Bachelor of Aviation degree
(Massey University)
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Cultural Contexts

Cultural Characteristics  Flight deck performance is all about the interactive effects of
three different variables - (1) the personal and group characteristics which each member of
a crew bring into the cockpit; (2) the ways in which communication and work practices
are processed, and (3) the quality of the group's overall performance in achieving its task
in relation to the safety, efficiency and effectiveness of the flight and the manner in which
the members of the group feel about themselves and each other (figure 7).

Figure 7 Interactive variables in group performance
Inputs Processes QOufcomes

Individual

i Performance
characteristics

Qualitative dimensions
of
group inferactions

Personal -
. interpersonal
characteristics . satisfyers

Within this model is the recognition that the members of a crew come to work with a set
of ideas about themselves (knowledge, skills and attitudes - achievements and failures)
which make up each individuals "self concept”. Some of these characteristics rub off from
one to another. A depressingly maniacal person is likely to turn the flight deck group into
a cautious, humourless and even fearful group of people. Interwoven into both the
personal and group characteristics are the cultural values which moderates the manner in
which each individual interacts with each other. This overlay effects the way in which the
group interacts in terms of communication modes, interpersonal relationships, power and
authority. These in turn will influence the outcomes of the operation, particularly to the
degree that the crew will feel the performance together was a satisfying and rewarding
experience. As the satisfiers become less obvious, and degenerate into annoyers so the
performance effectiveness of the flight may become more jeopardised.
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Unfortunately, very little evidence has been established for the generalisability of these
models of social interaction (Amir & Sharon, 1987). Their conclusions questioned the
justification of applying theories and explanations of human behaviour conducted within a
particular cultural setting (eg., European, or North American airline operations) to other
settings (eg., African or Asian airline operations), unless such theories and explanations
have been replicated in the target setting. Rarely, has this been done in aviation.

One model which has attempted to examine the manner with which both input and process
variables can be effected by culture has been the focus of systematic study by Professor
Geert Hofstede (1983). In his study of work-related values across different cultural
groups he determined that individuals tended to share a range of characteristics which
tended to aggregate to a national persona. These characteristics in turn could be scaled
and differentiated across four basic dimensions: (1) power-distance; (2) uncertainty-
avoidance; (3) individualism; and (4) masculinity. Captain Neil Johnston (in press ) has
provided an important glimpse as to how the interactive dimensions of this model might
apply cross culturally to flight deck performance. But no data has yet been generated
demonstrating the culturally specific diversity of these dimensions in flight deck
performance. Much more effort will need to be made on studying the cultural
transferabilities of human factor components from one cultural setting to another if models
included within accepted European and North American practices such as crew resource
management are to be translated from dogma to human effectiveness.

Conclusion

This paper commenced by raising the issue as to whether practices in aviation, particularly
those personified in flight crew performance, could meet criteria that would be acceptable
in according its incumbents with the status of "a profession". The question was asked
whether such a condition was extant, or a still to be achieved goal? The proposition put
was that professionalism embodied at least three key attributes, two of which related to
the inculcaton of a specialised body of higher order knowledge. Justification for this
attribute was based not only upon within group notions of exclusivity, but more rationally,
upon empirical evidence in which observed expertise was seen as a domain specific
phenomena (Glaser and Chi, 1988). The competencies which contribute to the
professional accomplishments of a pilot constitute one such domain. Evidence to date
would suggest that, especially in terms of pre-service preparation, aviation has a
considerable way to go before it can rightfully claim equity with the more traditional
professions such as medicine or law. However, the growing effort of a handful of

universities around the world which provide for the integration of technical theory,

academic knowledge and manipulative practice in dedicated qualification programmes
provide the promise of a new, and perhaps real professionalism in aviation. In this
promise lies the future for professional flight crew development.
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Some Aspects on Our Human Factors Concept
: by
Captain Gunnar K. Fahlgren
IATA working group on Human Factors
Human Communication 193 32 Sigtuna, Sweden

Human Factors

For three days we are going to talk about Human Factors. It is therefore
extremely important that we have a united view about the translation of these words.
In discussions with others and in articles I have found that this expression has quite a
different meaning for different people.

Every one of us, of course, has a very clear idea of the meaning of the
words. But, if we analyse each individual, we will soon find that these very clear
opinions diverge a lot. Different nationalities and different cultures as well as
differences in age, occupation and academic background, have a great influence on our
feelings towards these words. Some have an old meaning of Human Factors in their
mind.

In the ICAOQ circular, Human Factors Digest No., there is a warning on page 3 against
this misconception about Human Factors and the belief that it is somehow a branch of
medicine. Human Factors is, for many of us, the same as Human Error. The view of
Human Factors as being a contributing factor to accidents in our life, is a negative one.
Human Factors cause accidents. This is very bad and, as accidents should be avoided,
consequently Human Factors should be eliminated.

Others have a much more positive view of this expression. Human Factors are those
factors which make us human. Some even regard our Human Factors as Divine
Factors. I would like to say that it is thanks to Human Factors, that the airline business
is the safest transportation system of all.

Thanks to Human Factors, in the whole airline system, IATA members flew more
than 1,25 billion passengers safely from gate to gate last year.

We often hear that 75% of all accidents are caused by Human Factors.

* But we can also say that, during the last twenty years, thanks to Human Factors, other
reasons for accidents have been dramatically reduced-and are now as low as 25%.
Which expression do you like most?

Let us compare with the word FEVER.

For most of us fever is something very negatnve

It keeps us in bed and makes us unable to work.

For others, fever is a positive reaction which helps our infected body to recover.

Also in the ICAO Human Factors study group, I have clearly noticed that
the group members look at “Human Factors” from different angles.
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Both the positive view and the negative view can be clearly both seen and heard.
And of course it is important that some kind of identification of the expression is
made, in order to unite and help instructors and students in our industry.

An Agreed View of the Meaning

In the ICAO digest No.1 we can, in the very first sentence, read ”Human
Factors as a term has to be clearly defined”
But no clear, short and holistic definition, suitable for practical IATA work, can be
found in the text. There are definitions and they are different from each other.
Scientists from different faculties will have and must have different definitions, _
because they do research and they look at Human Factors from quite different angles.

If we just take one of those and apply it to our airline sphere, we will
have difficulties in being united. Our faculty is flying. What we need is a kind of
definition which suits our work. Something we can accept and use in our airline
business.

There already exists a wide spread explanation of the word Psychology so why not start
with that?
It says, Psychology is: The scientific study of Behaviour and Mental Processes.

In order to cover Human Factors completely we have to add the function of our body
and its limits. That is Physiology. May I therefore propose the following, which
contains both the positive and the negative aspects and can easily be accepted by
Airline Personnel. For us Human Factors means

' Physiology Behaviour and Mental Processes.
And when I say Mental Processes, I include EMOTIONS.
EMOTIONS is a factor, which is extremely important to throw light upon, if we want
to improve flight safety by using knowledge of Human Factors as a tool in our
industry.
In combination with the SHEL concept and its components, Software, Hardware,
Environment and Liveware, it covers what Human Factors should mean to those of
us engaged in the flying business.
Yes, within IATA, we need a more united and holistic view of the meaning of Human
Factors in the future. A holistic view will act as a conditioned stimulus for the whole

system and our behaviour will change towards more flight safety related actions and
thinking, ,

The Use of Human Factors

I usually say that the Human model we now are operating is about 50,000
years old. Our brain and our nervous system then got its present design with its
enormous capacity.To know more about Human Factors is firstly to know and
appreciate the performance of our system. The performance and capacity which has.
made it possible to create our world and our very safe air transport system.
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The expression “Human Performance and Limitations” is used by ICAO. And a very
important part of Human Factors training is to know about the Limitations.
Limitations there are and Limitations we have. With knowledge of the Limitations we
can improve safety. : _

Without that knowledge, those Limitations will cause a lot of accidents.

If we look positively at Human Factors, we can use it to improve
communication and reduce the risk of misunderstanding,
We can handle stress and improve our performance.
We can increase productivity. The social part of our life can get better and
we become more confident. .
Negative attitudes can be reduced and this gives us more job satisfaction,
If we have a positive attitude towards Human Factors and if we learn more about it,
this list can be made endless. On the other hand, if we look negatively at this concept,
the list will be very short and the result will be disastrous.

Human Factors courses are therefore necessary forall airline personnel.
For Pilots, Cabin Attendants, Technicians, Instructors, for Front Line Personnel, and
last but not least all the managers from Flight Operations.
Flight Operations, being responsible for flight safety, easily get the wrong impression
that they are experts on Flight Safety and sometimes believe that their Flight
Operations Manual can take care of all problems regarding Human Factors,
As a final resort they decide to spend some money and send their pilots on a three day
course to get rid of the last trace of dangerous Human Factors. ;

I am now painting a very dark picture, but unfortunately this picture
exists. 1can also paint brighter and more colourful pictures of Managers and Flight
Operations, who really want to learn.

They do not consider the Human Factors concept as a concept, which can be learned
once and for all. They consider the Human Factors concept to be a process, which runs
through the Airline and which will continue forever, where one leamed psychologjcal
item will lead to another interesting question and so on.

I can see airlines and I can see aircraft manufacturers of different kinds.
One tries to use Human Factors and the other tries to eliminate Human Factors.
I can also see the result and I can assure you that the organisation, which tries to
etfiminate Human Factors will definitely lose in the long run.
If instead we try to use it, we will learn how to avoid getting into the danger zone.

S0, energy has to be spent on Human Factors courses, where we can learn
how to utilise Human Performance and know the limitations and make flying even
safer. The interest for Human Factors has grown dramatically during the last ten years
and that is indeed very good, But there is always a risk that also positive thinking and
positive actions might create a situation with unexpected backlash effects,
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Human Factors Research

A lot of research has started (at universities around the world) on
Human Factors and flying. Thanks to this we have leamed a lot. But this research
is mostly focused on the negative side of Human Factors. When it reaches the pubilic,
via press radio and TV, they easily get and transmit the wrong impression that flying is
heading towards reduced safety instead of towards increased safety, as it is in reality.
There is a risk that this research is digging deeper and deeper into pilots” mistakes
only. And that will cause a dilemma for our industry and its reputation as being an
extraordinarily safe transportation system.
As counterbalance I would like to have research also on how Human Factors
eliminate errors and mistakes. That kind of research would make the picture of what
we are doing in our industry more complete. It would make a positive impact on the
public and create confidence in our business.

It is not difficult to find errors made in connection with flying,
I have been flying for 50% of aviation history and during that time I have made
around 13.000 safe take offs and landings. But Ladies and Gentlemen, I can assure you
that on a lot of those 13.000 flights, I have made errors caused by Human Factors. But
also, thanks to Human Factors, those errors were corrected and compensated for and
the result was a safe flight.

Incidents

The second risk of a backlash, which I will mention, is that our great
interest in Human Factors now, which is very positive, has caused a situation, where
we observe and analyse incidents, which did not bother us some years ago. This new
interest is very good, but it creates an uncomfortable situation for the spectators.
Because both airline personnel and passengers, who very often regard an incident as
an accident, get the impression that there is an increased rate of accidents caused by
Human Factors. We know that we are improving flight safety that way, as we have
always done, but the spectators believe that dangerous events happen more often now
than earlier, when, in reality, the opposite is true.

These Human Factors incidents must be looked at from another, more
positive, point of view. Namely, Human Factors prevent incidents from becoming
accidents. An incident positively indicates that our Human Factors safety net is
operating as expected. That message must be given to the public and Airline
personnel.

We must remember that incidents happen daily in every man’s life.

They might happen when we drive a car, when we cross a street or do the cooking,
The person who takes them too seriously and regards them as accidents, will most
probably meet an early death due to psychological stress and not due to the incidents.



A-68 Circular/Circulaire/Uupxynsp 243-AN/146

E inati

The third backlash risk we might face and which we must work upon to
reduce, is the introduction of the Human Factors concept to pilots within our
organisation.

Many countries have ratified, or will soon ratify, the ICAO annex 1
suggestion to have Human Performance and Limitations on the training programme
for all levels of pilot licensing. That is extremely good.

The training subject "Human Factors” will then have the same status as
Aerodynamics, Meteorology and others had earlier.

For years those subjects have been the subject of written examination. And usually
those tests have been in the form of Multiple Choice.

As Human Factors now has the same status, it is very easy to fall into the same habit
regarding tests and the result is that we start to test Human Factors knowledge by
giving Multiple Choice questions.

I think it is OK, but not necessary, to have such a test on the Private Pilot Licence
level, where most of the questions are about physiology and simple questions on
psychology. But on higher levels, for commercial pilots, there should not be any
written test. Leadership, Attitudes, ConflictManagement and Communication are
subjects too important to simplify as just right and wrong,

The tuition and its result will get much better without a written test.
Those pilots, who are going to use their knowledge within commercial flying, are
wise, judicious and interested. My experience is that they are very interested in this
rather new subject. And this interest would most probably decline if they knew that
the seminar would end in a written test.
Their way of listening would change. That is a Human Factor!
They would listen less to the message and try instead to concentrate on what kind of
questions will come up later. Valuable discussions would probably vanish, as they take
time and the students want continuous information from start to finish.
Authorities, schools and instructors also display a rather poor Human Factors
knowledge, if they believe that simple, unambiguous answers can be given on this
variable and complicated subject.

Well then, how can we be sure that the pilots know, what they should
know about Human Factors. The answer is: "We can never be sure”.
At least not after a test.
Then the students are happy and will probably not think about it any more.
But without a test we might start a process which will continue long after the course
has ended.
In Sweden the CAA is now running a system on trial, which I fully agree with. They
give tests on the licence A level. On the commercial pilot licence level they do not
give tests but have systern checks on those, who conduct the teaching. To be approved
by CAA as an instructor, one has to have a lot of knowledge and experience both of
psychology and commercial flying,
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In chapter 2 of Annex 1 (Personnel Licensing) nothing is said about a written test.
It says:

That can be dcme ina dlalogue between tl‘le mstructor and the student durmg the
Human Factors seminar. So is a test really necessary?

Let me conclude.

- We should not spoil the great and growing interest for Human Factors
among pilots by giving them tests on a subject which has more nuances than just
black and white.

We must think, very carefully, about how this Human Factors concept
will influence the image of safety. I would like to say that the IATA members and the
ICAO people must control and act in a'way, so this positive stake will not turn out to
produce a boomerang effect. A positive approach to Human Factors will create an
optimistic picture, which is what we need.

We must have a united and holistic meaning of the expression Human
Factors, which suits those who work within the airline business.
Let me suggest Physiology Behaviour and Mental Processes.

We must use the Human Factors concept positively and give our
customers the correct feelings and the conviction that they can have confidence in
our industry now and in the future.

Appendix.

Complacency

I will take this opportunity to propose a definition of another word which is very often
used in our IATA vocabulary and that is Complacency.

- Itis a word, we very often use in connection with accidents and incidents.
In a research some years ago professor Ragnar Hagdahi at Stockhoim University and |
asked pilots and others to answer an investigation questionnaire, in order to give us
an indication, what the word Complacency really meant to them. The form was
delivered to around 1400 persons and we got hundreds of different answers. This
indicated that the meaning of this word is quite different for different individuals and
also differed between nations and different languages.
Of course important words used in important communication should be defined. And
in our report on this research we suggest that Complacency on Zjg/t deck is defined as
a state where
The pilot unconsciously does not use the knowledge and information available.
That means that the pilot, under certain conditions, unconscigusly does not fully
utilise his own or his colleagues’ cognitive skill and knowledge.
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TRAINING HUMANS FOR AN AUTOMATED ATC -ENVIRONMENT

Bert Ruitenberg
Executive Vice-President Professional
IFATCA

Good moming, ladies and gentlemen. My name is Bert Ruitenberg, I live in The Netherlands where I work
as an Air Traffic Controller at Schiphol, the airport of Amsterdam.

Today I have the privilege to address you in my function as the Executive Vice-President Professional of
IFATCA, the International Federation of Air Traffic Controllers’ Associations. I am aware that the
previous sentence may have baffled you slightly, but I will explain more of the organization of IFATCA
in a few minutes, so stay tuned and it will all become clear.

Before giving a short overview of the contents of my presentation I would like to use this opportunity to
thank ICAO, first of all for inviting IFATCA to present a paper at this Global Symposium on Human
Factors in Aviation, and secondly for arranging the timetable of the presentations in such a way to allow
this speaker to be here and still be able to arrive in Christchurch, New Zealand, in time for IFATCA’s
Annual Conference and the associated pre-conference Boardmeeting on Friday.

The first part of my presentation will be a short introduction to IFATCA, followed by a look at the
relation between the Federation and ICAQO’s Human Factors Programme. Next, we will arrive at the main
body of the presentation: ATC-training, Automated working-environments and Human Factors. I hope 1o
point out some interesting differences compared to pilot-training, and will use some examples to indicate
the role of Human Factors in ATC-training. Finally, of course, there are a number of conclusions that will
be subtly brought to your attention.

Now that you know what is in store for you, we might as well get it over with, so we will launch directly
into the short introduction to IFATCA I promised you.

The Intenational Federation of Air Traffic Controllers” Associations was founded 32 years ago by Air
Traffic Controllers from 12 European countries and has since grown to a body with over 80 Member
Associations worldwide.

Among its objectives are: "the promotion .of safety, efficiency and regularity in International Air
Navigation", and: "to render assistance and advice in the development of safe and orderly systems of Air
Traffic Control".

IFATCA is an independent, non-government, non-political, professional organization that has gained
universal recognition from other aviation-related organizations as being "the voice of the Air Traffic
Controller". This recognition is given shape by the many invitations IFATCA receives to participate in
meetings, panels, working-groups etcetera where the opinion or input from operauonal Air Traffic
Controllers is sought.

The IFATCA-representatives at those meetings etc. can rely on an extensive set of Federation Policies
covering most of the topics that will be up for discussion, be it in the Technical field (e.g. on
ATC-procedures, TCAS or ADS) or the Professional field (e.g. on working-conditions, medical or legal
topics).

To conclude this bnef introduction to IFATCA, you are pmbably wondenng where I fit in the
organization, so I will tell you. As the Executive Vice-President Professional 1 am the Executive
- Board-member responsible for the Professional matters of IFATCA. In-the Board are also an EVP
Technical, EVP Finance and EVPs for each of our four Regions, together with an Executive Secretary and
an Editor. To keep us all in check we have a very competent President and Chief Executive Officer, aided
by a Deputy President. If all this sounds impressive - good! (It was designed to do just that).
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With this knowledge about IFATCA and its methods, it will be no surprise that there exists a healthy
relation between IFATCA and ICAO, a relationship that may well be illustrated by our involvement in
ICAO’s Human Factors Programme. This incidentally brings us to the second part of my presentation.
Although we didn’t attend the Leningrad Symposium and also weren’t present at the first Regional
Seminar (Cameroon), IFATCA was aware of the importance of the Programme and so was only too
pleased to accept ICAO’s invitation to present a paper at the second Regional Seminar (Bangkok). From
that time on, similar presentations were made at Seminars in Mexico City and Cairo, and IFATCA was
also involved in the drafting of the ICAO Digest on Human Factors in ATC.

Inspired by the ICAO Programme, IFATCA has furthermore begun an intemal campaign to increase
awareness of the importance of Human Factors in Aviation in general, and in ATC in particular. To that
end, I have the honour to present a seminar-type paper on HF in ATC to the delegates at our Annual
Conference next week.

It is felt there is a need for such a campaign, for in traditional ATC-training very little attention is given
to subjects other than those dealing direcdy with ATC-procedures, separation-criteria or
aviation-background (iike meteorology and aerodynamics). To be fair to ICAO, I hasten to say. that
recently the licensing-criteria for Air Traffic Controllers have been reviewed, and that one of the ¢hanges
is the inclusion of a requirement "to have knowledge of the human performance and limitations relevant
to. Air Traffic Control”, so it looks like things will get better in the future.

If you remember the beginning of my presentation, you will have noted that I smoothly took you from
the second part into what I called the main body of it, for we are now already looking at ATC-training.
But before exploring this further, [ have a little anecdote about training in the Royal Dutch Air Force that
1 want to share with you.

In recent years the Dutch Airforce operated two different fighter-aircraft: the NF5 and the F16. As the
NFS was growing outdated, the Airforce was in a process of slowly phasing them out while looking for
a replacement when all of a sudden the Gulf-war erupted. NATO put heavy pressure on the Dutch and
it was decided that the Tornado would be the successor of the NF5,

The Tornado’s characteristics are such that it would make up for all shortcomings of the NFS: it’s bigger,
has a better performance and endurance, larger payload, etcetera. The only small disadvantage is that
because of all this the aircraft is more difficult to operate, which led the Airforce to detcide to use two
pi*_lots on it. The task for each pilot was tentatively worked out on paper, but could be adjusted
operationally if found necessary. This couldn’t be practised in a simulator, as there was none available yet.
Again, under NATO-pressure, it was decided to go operational with the Tornados immediately, even
before official test-flights could be made by Dutch Airforce pilots. Such test-flights weren’t possible

anyway since various vital systems from the NFS5s had to be built-in in the Tomados, while the number

of operational fighters had to remain constant. (The Airforce had ordered new systems and instruments,
but delivery wouldn’t be before the end of the year so they had to be installed afterwards).

The Airforce however was confident that everything would go well, starting with the first missions in the
Tornados. After all, the pilots were able to operate their NF5s 100, weren’t they?

In case you still have doubts: this story is NOT true. That is to say, it is not about the Airforce, aircraft .

or pilots. The scary part is, it is about Civil Aviation, the transition from an old to a new Control Tower,
and Air Traffic Controllers!

This is what really happened "somewhere in Europe”. As a result of airport-expansion, there was a need
for a higher Control Tower, with a larger cab (or workfloor). This made up for all shortcomings of the
old Tower, but had one disadvantage: because of the diameter of the cab and the height of the Tower, it

proved to be impossible to see the part of the airfield below the opposite end of any control-position. So,
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management decided that there were going to be two Groundcontrollers (i.e. the Controllers responsible
for taxiing aircraft) working simultaneously, as opposed to the existing practice of having just one
Groundcontroller.

A few intemnal co-ordination-procedures were devised (on paper) but it was expected that these would be
modified while working the new system. As there was no Tower-simulator available, there was no way
of checking things in advance. Furthermore, it was impossible to use the new Tower to test the procedures
before going operational, since vital equipment from the old Tower had t6 be transferred to the new one
at Transition Day. New equipment was ordered, but delivery was delayed so it would have to be installed
later. Management however was confident that the Controllers would be able to cope. After all, they were
able to work from the old Tower too, weren’t they?

Do you see the analogy with the Airforce-story? The big difference is that in the Airforce-story everyone
would agree that this is not the way to do it, whereas in the real ATC-story it took the ATC-association
a lot of effort to convince management that maybe some things could be done differently - and even then
the transition took place without any simulation at all, for simple lack of a simulator. This is in fact a
common occurrence with ATC throughout the world.

Let’s have a closer look at ATC-training in general. As with pilot-training there is normally an extensive
programme to bring ab initio-trainees up to licensing-standards, although even here already it is probably
correct to say that in pilot-training more use is made of simulators. Please don’t think that Air Traffic
Controllers are against the use of simulators for training! The reason they’re not used is far more basic:
it involves money, as usual.

When a manufacturer of simulators builds a simulator for, say, a Boeing 737 he has a wide range of
potential customers. Every B737-operator in the world can use that simulator to meet his. demands, give
or take a few minor modifications. But try selling a simulator for Heathrow Tower to an ATC-school in
Japan!

ATC-simulators are by nature very site-specific, and there”_fore expensive to buy. Furthermore, they
usually require a lot of manpower to operate them (fake-pilots/blipdrivers), including up”_dating of the
training-exercises, which adds to the operating-costs. For those reasons there are still many ATC-agencies
that do not have the simulation-capabilities they require.

So what training is done in ATC after qualifying for the licence? In the more advanced countries with
simulators, some refresher-training is conducted, and regular proficiency-checks take place. But this is the
exception rather than rule, when looking at it on a global scale. Usually the post-licence training consists
of no more than seeing changes in procedures (including major changes) on paper, after which experience
on how to use these new procedures is gained while working - in an operational environment with real
aircraft!

And when new equipment is installed, the Air Traffic Con”_trollers usually receive an introduction on
how to operate the hardware (i.e. what the buttons are for), but not how to use it. That again is left for
the individuals to discover while working, using live traffic as part of the learning process.

In that process, interesting discoveries are sometimes made! For example, in a new system that was about
to be implemented somewhere in Europe, one of the more spectacular items that were automated is the
traditional Flight Progress Strip - the rectangular piece of paper used by Controllers to keep track of the
whereabouts of an aircraft. Normally, annotations concerning estimates, heights and speeds are made in
pencil or pen on the stnp, but in the new system every input goes per keyboard and electronic strips
appear on monitors. '
Controllers do not have to sort the strips anymore - the computer does it all based on the estimates. The
interesting discovery however was, that people using keyboards do tend to hit a wrong key every now and
then. Well, maybe this was known already, but the discovery that if an estimate-time is wrong by one hour
or more, the computer will sort the strip straight to a part of its memory where it cannot be retrieved unnl
that time comes up, surely was a new one!
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This was just one example, and more could be quoted here. The bottomline is: if the design of
ATC-systems is left solely to technicians, and the Controllers receive little training before using the system
operationally, the Latent Failure-phase of the Reason-model is entered without a second thought. And
guess who are in the last line-of-defence?

Is automation as beneficial as many engineers and managers seem to believe, anyway? It is tempting for
them to think that by introducing a high level of automation in Air Traffic Control there will be a
spectacular increase in capacity, in other words, that because of automation more aircraft can be handled
by less controllers. I would like to label this "a popular misconception”. I will even explain why.

No matter how state-of-the-art the automated systems that become available for ATC are, there is not
going to be one that is absolutely fail-safe. So, when the system fails, it is the Air Traffic Controller on
whom everybody relies to handle the problem. And since his automated system has failed, he will be
required to use a back-up system, which will usually be automated to a lesser degree. This implies a
higher workload for the Controller, so he shouldn’t be overloaded with too high a number of aircraft to
handle. In other words: even in an automated environment a Controller should never be responsible for
more aircraft than he can safely handle without the antomated equipment - which is equal to the number
of aircraft he handled before automation was introduced. So far for the increase in capacity.

But surely the number of Controllers required can be decreased with automation, you say? I'm afraid the
same argument as before applies: you need sufficient Controllers to take over when the system fails, so
you probably need the same number as before. Worse even: you might require more than before!
Although I maintain that there is no such thing as an absolutely fail-safe automated ATC-system, I will
concede that today’s systems are pretty fail-safe. (Which in ATC is just not good enough!) Therefore, just
like pilots, 999 out of 1000 times an Air Traffic Controller will work a shift without experiencing any
problems with the automated system - or even at better odds. It is that ONE time occurring that makes
people really appreciate having pilots on board, or Controllers on the ground. For that reason, pilots go
through regular training-programmes where the special skills required to handle emergency-situations are
practised and sharpened. -

It should not be different for Air Traffic Controllers working in highly automated environments. If their
old-fashioned or manual skills are relied on to keep disasters from happening when”_ever the system
breaks down, you better make sure they haven't forgotten how to use them! So, when automation is
introduced, this doesn’t cancel the need for training the Controllers in the old methods - it enhances that
need, while at the same time adding the need for training how to operate the new system. If all that is
done conscientiously, it may well imply that because of the introduction of an automated ATC-system
there are more Controllers required than before.

Having arrived at this point, it is interesting to note that in many areas of the world there is a serious
shortage of Air Traffic Controllers, a shortage that many politicians and other people responsible for ATS
expect to solve by automation. See why I called it "a popular misconception"?

By now you may get the impression that [FATCA (or Controllers) are completely against all forms of
automation in ATC. If you do, you are wrong. IFATCA feels there are genuine needs for automation to
assist Controllers, to improve performance and reduce workload, to increase efficiency, to remove -
non-essential tasks, and to enhance job-satisfaction and the safety-element of the Controller's task. But
there is also a need for Air Traffic Controllers to be involved as an essential part of any future
ATC-system. The man-machine interface needs to be examined closely so that the system fits the human,
rather than have the human fit the system. -

Therefore IFATCA has always urged that Controllers be involved from the designing-phase onward in the
development of new equipment. The Human Factors aspects of automation must be fully considered when
developing automated systems and should include the maintenance of essential manual skills and
Controller awareness.
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It is our belief that the Controller must remain the key-element of the ATC-system and must retain the
overall control-function of the system. Safeguards must be established to ensure that the Controller remains
an active, rather than a passive, user of an automated system.

The preceding statements are examples of IFATCA-policies that I referred to in my introduction to the
Federation earlier. They are the result of many meetings in which Controllers from all over the world
endeavour to formulate statements on subjects that concern them all.

Another such policy is that before a new system is implemented, Controllers should receive adequate
training in operating the system. This should seem obvious but is not always done. IFATCA is also in
favour of regular refresher-training and proficiency-checks, always with the aim to keep the professional
standard of the Controllers as high as required. :

Coming to the end of my presentation, in which you first were briefly introduced to how IFATCA works,
and what the relation is between IFATCA and ICAO’s Human Factors Programme, it is my hope that the
main part about ATC-training, Automated working-environments and Human Factors has given you an
insight in our Federation’s concemns in this field. Don’t get carried away by technological possibilities
when considering automation in ATC. Remember that the Human Element - the Air Traffic Controller -
remains the heart of the ATC-system, and that the system is there for the Controller, not the other way
around.

Thank you for your attention.
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Transavia's Integrated Approach to Human Factors Training

Mr David Lawson
Interaction Trainers Limited
St lves, Cambridgeshire, United Kingdom

Captain Han Luchsinger and Captain Frans Trompert
: Transavia Airlines :
Schiphol Airport, Amsterdam, The Netherlands

The Background

The early 1980s saw a growing interest amongst airlines in Cockpit Resource
Management training. The publicity and interest generated through various
conferences and symposia led to more airlines perceiving a potential need in this
area. In 1984 Transavia Airlines' Flight Training Department began an evaluation of
flight crew performance to determine if current training programmes were meeting
crew needs. After consultations with the instructor corps, Transavia introduced a
LOFT programme into the 1985 Recurrent Training schedule. All the airline's
instructors attended a briefing prior to the LOFT. At this briefing they were advised
of the goals of the Recurrent Training:

1. To find out how crews dealt with communication, cockpit management
and crew decision making.

2. Togivesimple feedback on crew non-technical performance.

Transavia realised that with no formal training in this area, instructors would be
basing their feedback on accepted subjective norms of behaviour and conduct. The
major purpose of the exercise was to derive feedback from the instructors on the
overall level of non-technical skills of the crews. Three scenarios were used which,
whilst not complex, nevertheless provided instructors with an opportunity to
investigate the non-technical behaviour of the crews. All the crews flew the LOFT
using the former American Airlines B737 simulator at London Gatwick. The
performance evaluation of the LOFT included recording all the routine and
emergency PA broadcasts from the flight deck.

After completing the LOFT programme, all the Instructors met to discuss the results.
The LOFT identified a discrepancy between technical and non-technical skills among
the crews. There was a subjective feeling that some pilots needed training in the area
of non-technical skills. A number of pilots developed some natural skills in the
appropriate areas despite having no formal training. Overall Transavia decided to
develop a training programme to meet this need for enhanced non-technical skills
among its flight crews.

Captain Han Luchsinger, the Chief Instructor at the time, started a discussion among
the Flight Department personnel to establish the training objectives for a Crew
Resource Management course. These early discussions included representatives of
the Personnel Department and the Chief of the Cabin Crew Department.
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The Design and Development

Working in cooperation with the Personnel and Cabin Crew Training Departments,
the airline agreed a set of goals and training objectives. These discussions were
valuable in determining from the outset how the airline would approach the matter
of CRM training. CRM was seen as a comprehensive system for improving crew
performance, not a quick overnight fix. It was accepted that CRM training should not
be independent of other training but should be integrated into the aircrew system.
CRM is an opportunity for people to examine their own behaviour and convince
themselves of the need for change. It is not an opportunity for management to
dictate or impose a specific set o?rules about how the crews will work together. If it
was to be successful it would require support and commitment from the
management and participation from the crews. The agreed training objectives were
subsequently incorporated into the course design with the overall goal of reinforcing
the safe operation of Transavia's aircraft, whilst preserving independence of crew
action with operational limits.

By September 1988, Captain Luchsinger had assumed leadership of the CRM Project
Group and handed over his job as Chief Instructor to Captain Alf van den Bichelaer.
Transavia's next step was to investigate what CRM training was currently available.
Captain Alf van den Bichelaer attended the United Airline's CRM programme and
Captains Han Luchsinger and Willem de Regt attended the KLM Crew Management
Course. After evaluating these courses and other available information, Transavia
decided that the KLM approach was more in line with their needs. Transavia liked
what they saw in KLM Crew Management Course but the course did not fully meet
their specific objectives. Transavia approached Interaction Trainers Limited for help
in developing a CRM programme. ITL is the UK based training organisation which has
conducted KLM's CMC training since 1979. Transavia chose ITL as their training
consultants because of the Company's proven track record in worldwide airline CRM
and Flight Instructor training. An initial meeting occurred at Schiphol Airport on 21
March 1989 between the Transavia CRM Project group and ITL. The meeting set the
goal of running a 4-day proving course by the end of 1989.

The CMC (the accepted title) would be consistent, wherever possible, with existing
management training in the airline. The target group was all pilots, starting with the
middle group of junior Captains and senior First Officers and working outwards from
there. The CMC would be followed up through Type Recurrent Training and Type
Qualification training where appropriate. Flight Instructors would require some
additional training beyond the initial CMC. Because of the high level of participation
required, the aim would be to have 6 participants per course. The course would be
residential and conducted away from Schiphol airport. . '

ITL devised a Project Plan and Costings for Transavia's consideration. The plan
envisaged 5 phases to the project:

Phase 1 from July to August 1989 Programme Design
Phase 2 from September to October Preparation of draft training materials.
Editing and production of Master
- Documentation
Phase 3 during November 1989 Conduct of the proving course and
revision meeting
Phase 4 during Nov and Dec 1989 Revision of training materials
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Phase 5, January 1990 onwards Conduct of the CMC programme and
tutoring of Transavia CMC trainers

Captain Luchsinger attended a pre-design meeting at ITL's headquarters at St lves,
Cambridgeshire on 8 August 1989. There followed further design and development
meetings and on 20 October the training materials were approved. :

The proving course was conducted in The Netherlands between 7 - 10 November
1989. The course was held at Castle Staverden, a residential training centre operated

- by Nedlloyd, the shipping group. A mixed group of Captains and First Officers with a
representative of the Personnel Department attended the course. Some minor
revisions of the material were carried out and then the programme was implemented
in January 1990.

The Crew Management Course Programme

The CMC programme operates during the quieter winter months thus avoiding the
busy charter periods of the spring and summer. The training season has run every
year since 1989 from November through to March. '

Originally the intention had been that Interaction Trainers would design and develop
the programme and conduct only the initial courses. Transavia pilots would shadow
ITL and then co-tutor courses with ITL, eventually taking over the conduct of the
entire programme. Early in the initial courses, Captain Luchsinger had formed the
view that the specialist expertise of the ITL consultants was an essential part of the
course. It was decided that the programme would continue with each course
conducted by an ITL consultant with support from a Transavia pilot. Throughout the
entire programme Han Luchsinger and Frans Trompert have shared the responsibility
for supporting the CMC. :

The 4-day CMC programme addresses the following areas:

Communication - the core subject

Leadership ‘Decision Making
Judgement Information Management

Delegation . Teamwork

A mix of presentations, group discussions, group exercises and video accident
reconstructions is used in the course. The emphasis is on participation by the pilots. In
4 days the course aims to increase knowledge in all the subject areas and improve

communication skills. A computerised analysis takes place of all the group discussions
~ and interactions during exercises and the individual and group data is fed back to the
participants. The data provides feedback on their communication styles and any
changes that take place during the course.

The methodology is based on original research in the United Kingdom by the Air
Transport and Travel Industry Training Board and the Huthwaite Research Group.
That research generated a technique of behaviour analysis which enables tutors to
observe and record communication behaviour. The behaviour analysis used in the
Transavia CMCis ITL's own development based on this original research. These verbal
behaviour observations can be fed back to the participants, which is helpful for
changing behaviour and improving skill and performance. The participants can see
how they stand in relation to others in the group. They can.compare their behaviour
with the models for effective performance presented in the course. :
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In the earliest NASA workshops on CRM, it was recognised how important effective
communication is to the overall teamwork and management of a modern aircraft.
The Transavia CMC course aims to target this area throughout all the subject sessions.

To date, 22 Crew Management Courses have been conducted by Transavia and ITL.
All the Captains have attended the programme and almost all the current First

- Officers. The current situation has created an opportunity for a major review of the
CRM programme with the goal of even greater integration of CRM into a total
training philosophy to meet the needs of the next century. Since the programme's
inception in 1990 a number of changes have been incorporated in response to
participant feedback. Some subject areas have been streamlined to make them less
intensive. The evening sessions have been reduced to combat fatigue and increase
effectiveness. The CMC course was always seen as a dynamic event that should evolve
as experience was gained by the airline and especially in response to feedback from
the participants. Changes have been implemented in response to consist feedback
themes, not as reaction to isolated events or perceptions.

Instructor Follow-On Training

One of the outcomes of the meeting of 21 March 1989 was acceptance of the need
for additional training for instructors. Since CRM was to be integrated into Recurrent
Training and Command Training, it was evident that instructors would need
additional skills to be able to handle CRM debriefing sensitively and effectively. A
two-day workshop was designed to meet this need. The first part of the first morning
is spent identifying the Iearninfg styles of the instructors. The remainder of the day is
spent refreshing the content of the CMC by showing video reconstructions of events.
The videos were produced in a flight simulator using Transavia flight deck crew and
flight attendants. The instructors are required to identify the CMC related topics
depicted in the events and the impact they have on the crew. The participants are
provided with small plastic aide-memoire cards for future use.

The second day deals with debriefing CRM in LOFT and Recurrent Training. The idea
isto provide the instructors with a guideline for conducting a debrief or feedback
session followed by practice of the technique. The group are shown video scenarios
and then'role play the debriefing. Two participants play the roles of the crew as
depicted in the video and one acts as the instructor. The debriefing is recorded on
video for subsequent review and discussion amongst the group.

The practice sessions involve the SPIN approach to debriefing:

S = Situation

P =  Problem(s)

I =  Implication(s)
N =  Need(s)

Through use of questions, the instructor guides the crew through the debrief
allowing them to identify where both positive and negative CRM is evident. The use
of video feedback on their debriefing performance is a valuable tool for emphasising
the shift in behaviour necessary to achieve success. The ITL tutor gives a
demonstration of how to use t¥\e SPIN approach effectively. This approach is a non-
threatening method for debriefing in what can be a sensitive and subjective area.
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Because of the very practical nature of the training, participant numbers are usually
limited to 4 per course.

The first Instructor Follow-On course was conducted on 12 November 1990. To date
11 Instructor Follow-On courses have been completed. '

Annual Refresher Training

Annual refresher training for all crews is to be instituted in 1993. It is designed to
refresh the content of the CMC and to strengthen the non-technical skills of all pilots.
The duration will be one day; the course will use a mixture of video and presentation
and be conducted in-house by the airline. ITL will assist with the design and
development of the programme. .

Recurrent Training

In the 1992 Recurrent Training programme the emphasis was on CMC aspects.-LOFT
scenarios were constructed, allowing crews the opportunity to use the knowledge
and skills learnt from the CMC. The additional training provided for instructors
enhanced the quality of debriefing on non-technical performance.

Command Training

During his career as a First Officer with Transavia, a pilot is encouraged to work
positively toward developing a high level of professionalism and proficiency. The
Crew Management Course forms part of that development process which will make
the transition to command natural and smooth. The Command Course is designed to
assist a First Officer in reaching the required standards expected of the Pilot-in-
Command. CMC aspects are integrated into the initial Command Ground Course and
into the subsequent simulator sessions.

The Future Approach in Transavia Airlines

With all the Captains and most of the First Officers having completed the CMC,
Transavia and ITL have embarked on a project to provide an integrated approach to
training for the year 2000. The programme follows the natural progression of a pilot
from initial recruitment as a First Officer through his Command Training and
subsequent development as a Line Training Captain then on as a Base / Simulator
Instructor.The Training courses are stand-alone modules which integrate into a total
training programme. '

The Integrated Training programme comprises:
1. A CMC 1 course for First Officers with a proposed length of 2% - 3 days.

2. A CMC2 course for Captains, as part of Command Training, with a
proposed length of 23 - 3 days. _

3.  AFlightInstructor Skills course (FIS 1) for Line Captains designed to teach
basicinstructional skills - duration 2% - 3 days.
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4.  Asecond Flight Instructor Skills course (FIS 2) for Base / Simulator
Instructors, designed to enhance the basic skills learned from FIS 1 -
duration 2% - 3 days.. .

Pilot Training Progression

i NewPilot |
1 I
;----‘-I-:-_-—-ﬂ, "~ Note:  This model shows a sequence of
« TypeTraining . integrated formal training.
I Annual recurrent training could also
pom--w -~ : contain integral coverage and appraisal
1 LineTraining of CRM elements
; This assumes that Flight Instructors are
nidustaialntaiat ' Captains. (Some airlines draw their
po Mar instructors from the ranks of both
to--o- ; ----- - Captains and First Officers)
, Command | [Tt oot 1 ..
' Training :<-—->: CMC2 : Part of Command Training
l“"""I ‘‘‘‘‘ )
' Line '
' Captain !
U griake K
i Flight i poomTosTomos 1
i Instructor ey | Line L
| Moduer [ i fnstudor | {
R | QT
‘ ' ightinstructor -
v - ! Refresher Module |
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! Flight ! A S 1
i ' ' Base/Simulator ! -1 Optional |
1 i . : ptional LOFT
: Instructor ! > Instructor ' > Design Module :
] MOdule 2 1 L _: [} 1
N I ittt et e -
Summary

Transavia's move towards a fully Integrated Technical, Non-Technical and Instructor
Development Programme-will provide a progressive training system, aimed at
meeting the needs of a new First Officer, shaping and developing their skills
throughout their career in the airline. :



Circular/Circulaire/Lupicynsp 243-AN/146 A-81

PRESENTATION TO ICAO FLIGHT SAFETY
AND HUMAN FACTORS SYMPOSIUM
WASHINGTON, D. C.

12 to 15 April 1993

"TRATNING THE INVESTIGATOR"
Peter G. Harle (CANADA) '

HISTORIC CONSIDERATIONS

TRADITIONAL APPROACH
ACCIDENT INVESTIGATION

* FOCUS ON PROXIMATE CAUSE...
(IE. UNSAFE ACTS BY OPERATOR)

* ATTACH BLAME FOR FAILURE TO ASSESS RISKS...

* ACCIDENT REPORTS DEPICTED:
WHAT?

.._____] WHO?

* REPORTS SELDOM DEPICTED:

cAov-3

In accident investigation, traditionally investigators have
tended to focus on the proximate cause; specifically, they have
identified the unsafe acts committed by the operator. Since the
Pilot is usually the first one at the scene of the accident,
there has been a tendency to focus on "pilot error" - often
attaching blame for the failure of the pilot to assess the
inherent risks in his actions, such as continuing into instrument
meteorological conditions under Visual Flight Rules (VFR), _
descending below published minima, deviating from established
procedures, etc. Hence, their accident reports typically have
depicted what? when? and who? with a factual travel log of the
occurrence, micro-second by micro-second examining the crash
dynamics. Investigators have focused on the personnel failures,
often with much finger-pointing, such that the Honourable John
Lauber of the National Transportation Safety Board of the U.S.
speaks of the "whodunit?" approach to accident investigation. On
a world-wide basis, accident reports have seldom depicted
accurately why? and how? the occurrence came about. They have
provided little assessment of the events preceding the accident
with a full consideration of all the potential contributing
factors.
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ANALYSIS OF ACCIDENTS
ALL TOO OFTEN...

* SITUATION "RIPE" FOR ACCIDENT

* NORMAL, HEALTHY, COMPETENT, EXPERIENCED .
WELL-EQUIPPED PERSONNEL IMPLICATED

* ELEMENT OF CHANCE PRESENT
¢ GOOD LUCK VS GOOD MANAGEMENT?
® MANY LATENT FAILURES PRESENT IN SYSTEM
« DESIGNERS, PLANNERS & MANAGERS ACCEPTED RISKS
* PILOTS UNAWARE OF THOSE RISKS...

When we analyze accidents, we find that all too often the
situation was ripe before the accident; the experts were saying
"it is just a matter of time". All too often, we find that
normal, healthy, competent, experienced, well equipped personnel
were implicated in the accident. They did not have any intention
of committing suicide; on the contrary, they often had strong
motivation towards mission accomplishment. Often, they had
committed the same potentially unsafe act hundreds of times
before, suggesting an element of chance. It would seem then that
accident avoidance is often more a question of good luck than
good management. Daily, we see incidents pointing to latent
failures that are present within the aviation system. Designers,
Planners, and managers often knowingly (but sometimes
unwittingly) accept the inherent risks of these failures in the
system. Sometimes pilots are not even aware of those risks, such
that some observers have called pilots the "unwitting inheritors
of all the system’s defects",
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OUR CHALLENGE

WHY DO NORMAL,
HEALTHY,

QUALIFIED, ®
EXPERIENCED,
WELL-EQUIPPED
PERSONNEL COMMIT HUMAN ERRORS?
L.E.

l WHAT IS THE CONTEXT FOR HUMAN ERROR? I

TCADW -4

So, when investigators ask "why do normal, healthy, qualified,
experienced, well equipped, personnel commit unsafe acts?" they
must strive to better understand the context in which these
errors were committed.

A _SYSTEMS APPROACH TO INVESTIGATIONS

SYSTEMS APPROACH
ACCIDENT INVESTIGATION

¢ CONSIDER TOTAL LATENT SITUATION
WHEN UNSAFE ACT WAS COMMITTED:

* DEMONSTRATE CONTEXT IN WHICH PEOPLE
WERE IMPLICATED IN ACCIDENT CAUSATION.

ICA0% -6

This suggests a need for alternative approach to accident
investigation, whereby we consider the total latent situation
when the unsafe acts are committed. A systematic approach is
required. One useful model is the SHEL Model offered by Elwyn
Edwards, as modified by Frank Hawkins. This model focuses on
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human beings (Liveware). In addition to understanding the
physical, physiological, and psychological factors affecting the
pilot’ s performance, we must examine the interfaces between
personnel, their equipment, their operating environment, and the
effectiveness of all of the system support that is put in place
for them. By examining all blocks and interfaces of the SHEL
Model, we should be able to demonstrate the context in which
normal people were implicated in accident causation.

REASON’'S MODEL

QPPORTUNITY

ACTIVE &
IATENT FAILURES

LATENT FAILURES

CADY-8

More recently, Dr. James Reason of the University of Manchester,
has offered another systematic approach which considers the whole
production system - in our case the entire aviation system. Here
is a layered depiction of this systems approach. One layer
depicts the unsafe acts undertaken by flight crews and other
personnel. Fortunately, the aviation system has many structural
defences built-in to mitigate the circumstances of such unsafe
acts; for example, an incorrect read-back of an ATC clearance
should be picked up by an alert controller. On the other hand,
if a pilot disables a Ground Proximity Warning System (GPWS), the
safety benefit of the GPWS is nullified. But Reason goes further
than focusing on the immediate circumstances of the accident. He
would have us examine all of the pre-conditions at the time of
the occurrence, including such things as ‘"psychological
precursors". Such pre-conditions might include crew fatigue,
stress, prior experience with false indications etc. which might
explain why the pilot chose to disable the GPWS. He defines a
fourth layer, to depict the effects of line management on the
production system. This includes the role of first-line
supervision, where crews are scheduled, aircraft dispatched,
training conducted, etc. And finally, Reason includes a layer
representing all senior decision-makers; those of the carrier,
the manufacturer, the regulator, and the unions. Reason notes
that these decision-makers frequently make "fallible" decisions.
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Under a particular set of circumstances, a window of opportunity
may be created for an occurrence. If the defences work, we might
have a benign incident. If they fail, we may have a tragic
accident. ’ '

As already mentioned, traditionally in investigations of aviation
occurrences, we have focused on the unsafe acts and how the
defences may have failed. But if we are to make any significant
impact on accident prevention, we must better examine the latent
failures in the system, as evidenced by the higher three layers
of Reason’s model; i.e. the pre-conditions, line management, and
decision-makers.

AIM AND OUTLINE

TRAINING -THE INVESTIGATOR
AIM |

DEMONSTRATE HQW TSB IS TRAINING INVESTICATORS
T0 IDENTIFY LATENT FAILURES IN THE SYSTEM

l OUTLINE '

* ASSUMPTIONS
* COURSE DEVELOPMENT
* OBJECTIVES
* OPTIONS
* APPRUACH

* RESULTS -
¢ CHALLENGE ABEAD iy

My aim today is to demonstrate how the Transportation Safety
Board of Canada {(TSB) is training its investigators to identify
the latent failures in the transportation system; in other words,
to better understand the context in which humans erred - so that
preventive measures can be taken.

First, I will briefly discuss some of our basic assumptions and
the course development process we went through, outline our
training objectives, review the options that we had available to
us for training and the approach we finally settled upon; then I
will give you a preliminary indication of our initial results,
and conclude by discussing some of the remaining challenges ahead
for us.
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ASSUMPTIONS

* INVESTIGATORS DAILY EXPOSED TO HUMAN FACTORS

* INVESTIGATORS HAVE WEALTH OF PRACTICAL EXPERI[ENCE
* EXPERTS LACK BREADTH OF PRACTICAL EXPERIENCE

*+ INSUFFICIENT EXPRRTS FOR ROUTINE INVESTIGATIONS

* GENERALISTS CAN COPE WITH ROUTINE HF ISSUES.

* IN-HOUSE SPECIALISTS AVAILABLE T INVESTIGATORS

* EXPERTS AVAILABLE ON DEMAND FOR NON-ROUTINE
ISSUES

ICAON =B

In undertaking such a training program, we made several
assumptions, some of them explicitly and some of them implicitly.
Because all of our investigators have extensive operational
experience and are trained as generalists in the investigation of
aviation occurrences, we believe that they have a significant
personal knowledge of the more common human factors through their
daily work exposure. Although this knowledge is seldom based on
their academic credentials, the investigators’ practical
experience supports their broad appreciation of the more common
phenomena. We find that the more highly qualified subject mattex
experts in human factors have a profound knowledge of specific
phenomena, but often they lack the broad practical experience
that our investigators possess. Moreover, given the incidence of
human factors in virtually all investigations, there are
ingufficient resources available to provide specialist advice for
each and everxry investigation. Therefore, just as our generalist
‘investigators must address such diverse issues as meteorology,
aerodynamics, and engineering, we believe that our investigators
can cope with routine human factor issues. However, recognizing
that they will freqguently have insufficient formal training to
address particular issues, we have a small staff of human
performance specialists in-house available on a consultancy basis
to assist our investigators. Furthermore, when investigating
human performance at the extremes of any normal distribution of
human behaviour, we can also obtain the consultant services of
professional experts outside the organization.
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CONCEPT

| TEACH GENERALISTS T0 HELP THEMSELVES

ﬁ

The concept that we followed in developing the training program
was that we would help our generalist investigators discover how
they can help themselves in investigating human performance
issues. We have no intent to try and develop the individual
investigators as pseudo-subject matter experts in human factors.

COURSE DEVELOPMENT PROCESS
COURSE DEVELOPMENT

SYSTEMS ANALYSIS EASY=10

Just as we advocate a systems approach to investigation, we tried
to follow a systems approach in the development of our course. We
began with a formal assessment of our investigators’ and
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analysts’ needs - across all modes of the TSB. We then spent a
lot of time carefully analyzing the tasks they are required to
perform in an investigation. We selected the training methods and
strategies that would best facilitate our course members’
acquisition of the knowledge, skills, and attitudes necessary to
complete these tasks in the field; and finally, we must follow-up
with an evaluation of the course itself and a validation of its
effectiveness over time, refining the course as necessary to meet
our investigators’ needs.

LEARNING OBJECTIVES
LEARNING OBJECTIVES

|' DISCUSS BASIC HP CONCEPTS I
IDENTIFY HP DEFICIENCIES I

APPLY STANDARD METHODOLOGY I

DRAW REASONABLE INFERENCES ]

RECORD HP DATA I
g KA0V-11

Having surveyed and analysed our individual investigators’ needs,
we established five broad learning objectives. We decided that,
upon course completion, all investigators and safety analysts
should be able to: :

- Discuss the basic concepts of human performance that
frequently impact on transportation safety;

- Identify human performance deficiencies which méy
degrade transportation safety;

- Apply a standard methodology for the conduct of the
investigation and analysis of human performance issues;

- Draw reasonable inferences from their investigations
and analysis for the findings, reflecting the
appropriate level of certainty;

- Record human performance data for macro analytical
purposes.
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Of note, these objectives are written in performance-oriented
terms. We want our investigators to be able to do specific
things as a result of this training.

TRAINING OPTIONS

TRAINING OPTIONS

I.BUT'OFF THE SHELF I

* CONTENT VS NEEDS
®* OUT OF COUNTRY

BUY CUSTOMIZED TRAINING I

®* TRAIN CONSULTANT
* EXPENSIVE

l DEVELOP OFN TRAINING I

* IN-HOUSE EXPERTISE

Iciow-12

Having established our learning objectives, we considered several
options for conducting the training.

Ideally, we would buy the training "off the shelf".

Unfortunately, little comprehensive human factors training at the
level of operational personnel is currently being offered in
Canada. Further, of the human factors training programs
available to us outside of Canada, none are tailored to meet the
needs of the accident investigator, These courses tend to focus
on the knowledge-related aspects or the basic concepts of human
performance; but they do not address the skills needed of an
investigator.

Consideration was given to having a consultant develop a
customized training program for us. Unfortunately, such
situations usually involve spending a great deal of money to
train the consultants who will then charge you a big fee to
deliver the service you trained them for.

Finally, we considered developing an in-house training program
based on our own expertise. Although we have our own
psychologists and many highly experienced investigators, we have
less experience in designing and delivering effective training
programs.
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In the end, we compromised. With the professional services of a
consultant we developed an in-house program. The consultant we
retained has a good working knowledge of the aviation industry
and has extensive experience in designing and delivering training

programs - including the cockpit resource management training
program used by Air Canada.
TSB ARPROACH

TSB APPROACH
"HUMAN FACTORS IN INVESTIGATIONS"

¢ MULTI-MODAL PROGRAM
WITH UNIMODAL CASE STUDIES

®* ONE WEEK DURATION
¢ RESIDENTIAL
* PRE-COURSE PREPARATION

¢ IN-HQUSE TRAINERS
AND FACILITATORS

* LEARNING VS TEACHING ENVIRONMENT

Because we have responsibility for investigating occurrences
involving marine, rail, commodity pipeline and aviation
occurrences, our training program is designed to be multi-modal
- catering to the needs of all of our investigators. However,
much of the syndicate or group work is based upon uni-modal case
studies. For one week, the entire group lives and works
together, exchanging views and sharing their experience. There
is some pre-course preparation, reading some of the basic
concepts that will be applied during the week. By and large, we
use in-house trainers, assisted by experienced investigators
serving as facilitators for the delivery of the program. Their
job is more one of creating a learning env1ronment than-
delivering lectures.
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- COURSE OUTLINE
1DEAS '

* terms
models
principles

ACTIONS
tools
tasks

| RECORD
DATA

WRITE
REPORT

AOT-14

In its simplest terms, the course can be viewed as four blocks:
collect data, analyze data, record data, and write accident
report. Thus, we work through the sequence that an investigator
actually performs his duties. For each of these blocks, various
terms, models, and principles are discussed, and the tools and
tasks necessary for completing the investigative actions are

applied.

Basic models such as SHEL and REASON, and Rasmussen’s Skills- ,
Rules- and Knowledge-based approach to considering human errors
form the knowledge portion of the curriculum. The investigators
then develop skill and practice in applying these concepts in
real situations, mimicking field behaviour in group activities.

Of prime importance, they learn that Human Factors investigation
is not something that you add-on to a normal investigation.
Rather Human Factors considerations are an integral part of every
phase of the investigation. '
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FocCcUs

WHAT WILL I DO
ON MONDAY MORNING ?

The focus of our training efforts has been on the question "what
will I do on Monday morning"? The possession of theoretical
knowledge by the investigators will be of little use if they lack
the skill and confidence to apply these concepts in their daily
work.

Typically, we find that one week courses try to cram a lot of
information into intensive lectures.” Thus, a key strategic issue
for us was: how much learner involvement could we afford in a one
week course? With the volume of material to be covered,
intuitively little time could be spent in syndicate work.

However, the more important question became how would we best be
able to help our people perform back on the job? Since people
tend to retain 10% of what they read and 20 % of what they hear
vs. 90% of what they say and do, we opted for high learner/group
involvement - even though it meant covering less content.
Therefore, much of the course is spent in syndicates, working on
practical case studies. To the extent practicable, we have tried
to create situations where the course members can mimic the
behaviour required in actual investigations in an adult learning
environment. We promote continuous personal involvement in the
learning process, and we try to create a climate where the course
members enjoy the process, believing that people tend to remember
best what they had most fun doing.

With this approach, we believe that our investigators will have
the confidence to apply their knowledge and newly practised
skills when they return to the field.
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ATTITUDINAL OBJECTIVES

ATTITUDINAL OBJECTIVES

DEMISTIFY HUMAN FACTORS' J

RESPECT NEED FOR HF INVESTIGATIONS I
VALUE ACTIVITY AS WORTHWHILE I
WILLING TO USE ALL f.EESOURC.ES I

MOTIVATED TO‘ CONTINUE LEARNING I

WAOV-18

In putting the course together, it became apparent that in
addition to the five formal learning objectives which had been
established, we must recognize a secondary agenda of attitudinal
objectives if the training is to be effective. For example, we
realized that many of our investigators see human factors as some
kind of mystique. Therefore, we have tried to demystify the
subject of human factors - putting academic concepts into
practical and workable terms, understandable to the field
investigator. “

For a number of reasons, many of our investigators have developed
a cynicism towards the practicality of human factors
investigations. For those, we must help them develop a respect
for the fundamental need for emphasising this aspect of their
work, and to realize that efforts expended on these often non-
material issues are worthwhile.

We discovered that many of our investigators are not aware of the
organizational resources available to help them in their
investigation of human factors. Without academic credentials,
many felt they were not competent to address Human Factors
issues. Thus, during the training program, we aim to develop
their knowledge and willingness to use all the resources '
available to them; for example, the services of our medical staff
for physioclogical issues, our behaviourial specialists, our
engineering laboratory staff for computer-based anthropometric
modelling, our library services for literature searches, etc.
Furthermore, recognizing the limitations of a one-week course, we
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must strive to motivate our course members that the course is
just the beginning; hopefully, we will have provided them with a
framework and the motivation to facilitate continued learning
through the balance of their careers for the investigation of
human factors issues.

MEETING ORGANIZATIONAL OBJECTIVES

MEETING OBJECTIVES
DIFFICULTY VS TIME

ORCGANIZATIONAL CHANGE

INDIVIDUAL ATTITUDES

I SKILLS

KNOWLEDGE
DIFFICULTY

ELAPSED TIME iy
TAOW-1T

Our consultant brought to our attention the difficulties in
successfully implementing a human factors training program such
as we envisaged. As indicated earlier, it is not simply a matter
of imparting knowledge; that is relatively simple in terms of the
time required and the difficulty value. Developing skills to
apply these concepts and principles in a practical and credible
way is a much more difficult task taking greater time. But if
our individual course members harbour negative or cynical
attitudes towards human factors, we have an even greater
challenge in terms of difficulty and the time required to effect
the necessary attitudinal change. Finally, no matter how
successful we are in developing our staff for the investigation
and analysis of human factors issues, all will be for naught,
unless there is a fundamental organizational acceptance of the
methodology and importance of this kind of work. Senior
management and the Board itself can create an organizational
culture which is contrary to successful application of the basic
principles learned during this training.



Circular/Circulaire/Iupxynap 243-AN/146

A-95

BUILDING ON TRAINING

'KNOWLEDGE-SKILLS~ATTITUDES
COURSE COMMITMENT & GOALS

B = I

HOME POSITIVE
REINFORCEMENT

REFINEMENT &
MODIFICATION |

| TANGIBLE RESULTS ||

ICAOV-18

We must ensure that our overall organizational climate or
corporate culture fosters building on the training. During the
it was clear that the investigators had formed personal
goals and commitments for the application of their knowledge,
skills and attitudes towards investigating human factors.
extent that they receive positive feedback and are given an
opportunity to practice and refine their skills, we will receive

tangible benefits,

ERODING TRAINING
KNOWLEDGE~SKILLS=ATTITUDES
COMMITMENT & GOALS

|‘= POOR RESULTS ﬂ

COURSE
HOME
NEGATIVE
REINFORCEMENT
[ UNLEARNING l]

ICAOT=-18

However, if the real-world work environment gives them negative
feedback, denies them the opportunity to practice and develop
what they have learned, there will be unlearning with poor
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investigative results. Therefore, management may have to modify
the organizational culture to encourage our investigators in the
application of these skills.

Time will tell how successful we are with respect to these
attitudinal and organizational changes. Suffice it to say that
we are working from both ends of the equation to achieve these
changes.

RESULTS

RESULTS
(Since Feb 93)

¢ 44 GRADUATES(approx. 33%) = CRITICAL MASS
s HIGHLY POSITIVE FEEDBACK
* NEW TOOLS = NEW WAY OF LOOKING AT THINGS
¢ GROUP PRACTICE = NEW CONFIDENCE
* OPTIMISM FOR IMPROVED ACCIDENT PREVENTION

ICAOT~20

To date we have delivered two offerings of the course. 44 course
members or approximately one third of our investigative and
analytical staff have received this training. They constitute an
important critical mass in terms of developlng organizational
momentum for applying this training.

As in many training programs, we daily seek feedback from the
course members to evaluate our success in delivering the program.
Feedback to date has been extremely positive. According to the
course members, we have given them a new way of looking at the
things they have been confronted with through the years.
Practising these methods in uni-modal case studies has given them
a new confidence to approach their daily work.

However, our real success will not be known for several months
until we begin to validate the effectiveness of the training by
going back to our course members and their supervisors in the
field to examine the effectiveness of the training. At that
time, we will re-assess the entire loop.
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But, based on our early feedback, we have considerable optimism
that there will be a safety dividend in terms of accident
prevention.

CHALLENGES AHEAD

CHALLENGES AHEAD

* COMPLETE INITIAL TRAINING
¢ CONTINUED MOTIVATION AND SKILL DEVELOPMENT
* SUFFICIENT RESOURCES FPOR IN-DEPTH INVESTIGATIONS
¢ BOARD & INDUSTRY ACCEPTANCE OF RESULTS
* BETTER EDEiQT[FICATION OF SAFETY DEFICIENCIES
* ENHANCED ACCIDENT PREVENTION
* FOLLOW-UP TRAINING

As Confucius said "A journey of a thousand miles begins with the
first step". We have only just begun. We must complete this
initial training program, modifying it as necessary - based upon
the experience of our first course offerings. For those who have
completed the initial training, we must implement an extension
program to ensure their continued motivation and skill
development. We must ensure that our investigators do have
sufficient resources to draw upon for the conduct of the

field investigations of all pertinent human performance issues.
Both internally with our organization and externally in industry,
we have a significant challenge in terms of credibly
communicating the results of our human performance investigations
in a way that will be accepted. If we do all of the foregoing
well, our safety analysts should have better information
available to them for the identification of the safety
deficiencies inherent in the aviation system, thereby
facilitating enhanced accident prevention. At no point will we
be able to rest on our laurels; there will always be a
requirement for further follow-up training.

12/4/93
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DEVELOPING HUMAN FACTORS SKILLS

HUMAN FACTORS TOPICS IN CANADIAN
PRIVATE PILOT TRAINING

Arlo Speer
Transport Canada
Ottawa, Canada

In the discussion which follows, human factors training for Canadian private pilots will
be viewed from three perspectives: (1) work currently under way to introduce human factors
topics into Canadian private pilot training programmes, (2) what we perceive as the need for
further research into human factors training for pilots, and (3) the need to plan human factors
programmes geared to the needs of beginning and recreational pilots. I present what we do,
what we think and what we hope for not from a desire to have others copy our experience.
Rather, it is my desire that sharing our experience and our ideas might allow us to join with
other aviators and other aviation administrations and reap a synergistic benefit that can make us
all stronger.

CURRENT CANADIAN PRACTICE

Initially, I would like to share some of the initiatives to introduce human facto s training
into the Canadian private pilot syllabus. Sparked by the recent position taken by ICAO, Canada
has introduced the requirement for human factors training, including pilot decision—making, as
a mandatory part of our private pilot curriculum. The human factors component is largely
theory based and is primarily associated with the licence’s Knowledge requirement. It was
considered essential to introduce a knowledge requirement for two reasons. The first was one
of practicality; basic reference materials were readily available to guide instructors. The second
reason was a pedagogical one; we felt that before we could address human factors skills to any
great extent, we would need to ensure a firm knowledge base on which to build.

Transport Canada has also published Pilot Decision-Making—Manual for Private Pilot
Training. Ideas, procedures and points of theory were consolidated from many sources. The
end result has proven to be a readable manual that is usable by lay instructors and students alike.
This fourteen-page manual was developed with three thoughts in mind. We wanted to improve
flight safety by helping pilots make better, safer decisions. We also wanted to provide a
common decision-making process around which instructors could model their teaching. Most
important, we saw the need to bridge the gap between instructors (who were charged with
providing their students with practical human factors information) and theoreticians and
researchers (who, in many cases, provided excellent information but used a format that was less
than "user friendly"). :
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The manual suggest ways in which instructors can apply the decision-making process and
concepts to the myriad of decisions, large and small, that make up the routine of every flight.
Instructors are cautioned against making flight decisions for their students. Rather, instructors -
are encouraged to lead students through the decision-making process and to involve students in
all of the decisions that must be made. Briefly, the manual provides a decision-making cycle
that involves (1) recognition of a situation involving some element of risk, (2) identification of
available options, (3) choosing the most favourable of options, (4) acting on that choice, and (5)
evaluating the outcome.

Fortunately, the need for drastic and spectacular decisions comes infrequently, especially
in most training flights. At the same time, each flight is filled with the opportunity to make
many, many decisions. Which runway should we use? Where should we park to do our pre
take-off checks? What take-off or landing technique is most appropriate? At what altitude
should we fly? Should we refuel before this flight? What should we do if the ground station
does not respond to our radio call? Should we fly if we cannot locate a particular aircraft
document? These decisions may appear trivial, but they provide a wealth of opportunities to
apply the decision-making process. Instructors are reminded of these opportunities and
encouraged use them to guide students through the five step process.

Successful instructors tell us that a student learns best when the student flies the aircraft
and less well when the instructor does all the flying. Instructors know that they have to let their
students fly a lot and we encourage instructors to let their students decide a lot, too. In the same
way that learning to fly a manoeuvre requires a sound description of the manoeuvre, a good
demonstration and then lots of opportunity to practise, learning to make decisions requires a
sound description of the decision-making process, a good demonstration and then lots of
opportunity to practise making decisions. The approach suggested in our manual is a simple
one: take advantage of the little decisions that occur naturally as part of each flight.
Demonstrate how the decision-making process is applied and then give students as many
opportunities as possible to make decisions for themselves. Just as for flight manoeuvres, initial
attempts are watched very closely by the instructor to ensure that errors are not made. As
student ability increases, the student is afforded greater autonomy.

In most schools, Human factors training is limited to training in medical facts and
decision-making. For many years Canadian Colleges offering aviation programmes and some
of the larger flight schools have introduced more extensive human factors programmes into their
pilot training. Additional topics include the influence of stress, the identification of stressors,
situational awareness, successful risk management, personality and others. Because of the
opportunities for expanded academic programmes at colleges, many of these human factors
courses take the form of full year college course equivalents. These human factors programmes
provide much-needed training and cover the human factors in a depth which parallels that of
many of the fine current books available on the topic. :

We recognize that before human factors topics can be effectively introduced into pilot
training programmes, instructors must be prepared to offer that instruction. Within the past
year, the requirement to present human factors topics has been included as one of the
qualifications for an Instructor Ratings. The pre-service training for new instructors now -
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includes training in the presentation of human factors topics including pilot decision-making.
Candidates attempting both initial and renewal Instructor Rating flight tests in Canada may, at
the discretion of the examiner, be asked to demonstrate their ab111ty to present pilot decision-
making concepts.

Aside from pre-service training, we also devote our attention to the in-service training
- of practising instructors. Transport Canada sponsors an annual programme of Instructor
Refresher Courses. Each year, 129 instructors are selected from a large number of applicants.
These instructors attend one of six one-week refresher courses held in locations across Canada.
Among other items, human factors and pilot decision-making are included in the topics
discussed. At these courses, emphasis is shared between providing the instructors with human
factors knowledge and providing suggestions about effective methods of teaching human factors
topics.

In addition to instructors, flight test examiners are also given in-service training. All
examiners who conduct flight tests for the issue of private or Commercial Pilot Licences or
Multi-Engine Class Ratings are required to attend a workshop every second year. Like the
Instructor Refresher Courses, these workshops include discussions of pilot decision-making
concepts. The human factors content is intended, in part, to improve the human factors
awareness and skills of the examiners. In addition, the examiners discuss ways they can

_integrate decision-making activities into their assessment of required flight test exercises. '

What we have done in Canada is a start. Despite a very broad understanding of "human
factors", the current Canadian emphasis thus far has been on pilot decision-making. We have
published a decision-making manual. We require training in human factors including pilot
decision-making for those applying for a private pilot Licence or for the initial issue or renewal
of an Instructor Rating. We include training in human factors in Instructor Refresher Courses
and examiner workshops conducted or sponsored by Transport Canada. This should not be
taken to imply that we feel human factors training should be limited to decision-making. We
recognize the need for the development of materials to allow us to proceed with other human
factors. We have started, but we still have a long way to go.

" RESEARCH SUGGESTIONS

Much research has been completed into the area of human factors. We need to make
decisions about specifically which human factors should to be taught at what level. We then
need to ensure that instructors have the appropriate background training and to ensure that
appropriate things are being done at each level. This leads to the second perspective from which
I would like to view human factors training. There is a need for further investigation to identify
the level at which each aspect of human factors knowledge or skill is most appropriately taught.

The Transportation Development Centre, or TDC, is Transport Canada’s central research
and development facility. TDC has been tasked with human factors research on our behalf.
TDC has been asked to identify various human factors that apply to each level of pilot licence
from private to commercial to airline transport pilot. Certainly, there are many factors that
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apply to all pilots regardless of the level of licence or experience, but it is reasonable to assume
that some factors apply more to operations in multi-crew, airline situations while other factors
apply more to operations in light aircraft operating with a single pilot. Commercial flight
operations involve certain risks and stresses unique to the commercial nature of the operation.
We must recognize that personal and recreational operations are not immune from their own
risks and stresses. We must also devote attention to identification of the special Human Factor
needs of private and recreational pilots. ' -

TDC has also been charged with investigating ways in which pilots learn to master human
factors knowledge and skill. It seems unreasonable to suggest that those teaching methods which
have proven successful in fostering physical pilot skills will be the same methods best suited to
mastery of many human factors concepts. It is our assumption that no one teaching technique
can provide optimum success in all areas. We wish to identify how the instructors can best
teach each of the aspects of human factors. As well, teaching and learning activities must be
accompanied by proper resources to support learning. TDC has also been tasked to identify the
resources and activities that are available. We have also asked TDC to offer suggestions on the
additional resources that can supplement what is presently available.

Aside from questions of teaching human factors, we need to address the question of
evaluation. When new points of knowledge or skill are added to a curriculum, the question of
assessment of student performance must arise. Currently, formal testing of human factors is
limited to evaluating human factors knowledge using multiple choice written examinations. In
recent years, human factors has received increased emphasis in our written examinations. Not
only is the depth of human factors knowledge increasing, but more and more of our
examinations are including human factors as an area for testing. Written examinations for
private and Commercial Pilot Licences have for some time included questions on human
physiology, psychology and decision-making. Similar topics are soon to be included in
examinations required for other licences and ratings including flight instructor ratings.

Canada does not flight test human factors skills as such. While we do not test decision-
making skill directly, we do encourage flight test examiners to incorporate decision-making
activities into the assessment of the various exercises that make up our flight tests. For example,
the flight tests for both the private and commercial aeroplane licences require the candidate to
demonstrate the ability to complete take-offs and landings in non-normal situations. Examiners
refrain from asking the candidate directly to demonstrate a short field take off clearing an
obstacle and taking into account the crosswind from the right. Instead, examiners either place
the candidate in a situation with readily available information or they describe as clearly as
possible the situation. The candidate is then expected to collect the necessary information and
make appropriate decisions. Assessment of performance is based on physical piloting skills, on
the quality of information analysis and results of decisions made. : ‘

We need to determine the extent to which learning in human factors areas can properly
be evaluated. We need to determine whether it is appropriate to measure performance in all
areas of human factors knowledge and skill. For those areas where measurement is appropriate, -
we must identify strategies for assessment. Additional research is needed to determine if our
current practice of testing human factors knowledge but not skill is correct.
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NEEDS OF PRIVATE AND RECREATIONAL PILOTS

I have briefly outlined some of the steps Canada has taken to introduce human factors
training into the private pilot programme. I have also expressed our desire for further research
to supplement what has been done already. The third perspective from which I wish to view -
human factors training is related to the importance of human factors training in the initial
development of a pilot. Instruction given to private pilots is fundamental to future pilot
performance. While human factors training is becoming an integral part of in-service training -
of pilots at senior levels, steps must also be taken to ensure that human factors training is
included in pre-service training for those working toward their very first pilot licence. It would
be easy for one to form the impression from current literature and practice that human factors
training is limited to training for the Airline Transport Pilot Licence and for currently employed
airline pilots. This situation must be changed. Human factors training must also become an
integral part of private pilot Training.

’ In Canada, we are fortunate to enjoy the opportunity for extensive recreational flying.
Flight safety research reveals that accidents involving recreational pilots can be linked to the
knowledge-skill interaction—the human factor. We must not forget the needs of the recreational
pilot. Without reducing efforts directed toward commercial aviation, we must dedicate ourselves
to identifying those aspects of human factors that are applicable to the private pilot. It is not

- reasonable to expect human factors knowledge to filter down from the more senior licences.

Training in Cockpit Resource Management and Crew Coordination is essential for a
certain segment of the pilot population. Considerable publicity has been generated around
successful programmes that have been developed and implemented to meet this particular need.
It is now time to accept the need for similar effort to be directed toward identification of human
factors topics appropriate for the beginning and recreational pilot. Simply assuming that
whatever human factors component is needed can be picked up with future training at a more
advanced level does a disservice to human factors as an area of study. More importantly, it does
a disservice to those pilots whose formal training ends with a private pilot Licence. We must
ensure that human factors skills (and not just decision-making) form a part of the training given
to pilots from their very first lesson. In this way those pilots embarking on a career will have
a foundation on which further training can be based. At the same time, those pilots wishing a
licence for purely recreational purposes will benefit as well.

THE FUTURE -

In Canada, we have made a start in the area of human factors training for private pilots.
For us to continue, I ask for two commitments. First of all, a commitment from the research
community to further investigate the human factors issue to: (1) identify the multitude of human
factors that should be taught to pilots, and determine the licensing level most appropriate to each
factor, (2) suggest teaching procedures best suited to presentmg human factors topics and (3)
comment on the question of evaluation of human factors skills.
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The second commitment I ask is from the aviation community as a whole. We need a
commitment to provide a human factors emphasis at the level of private pilot training that is at
least equivalent to the emphasis currently given at more senior levels of the aviation industry.
Certainly, it is crucial to continue work in areas such as Cockpit Resource Management, Crew
Coordination and other areas relating to the operation of complex, multi-crew aircraft. At the
same time, we must recognize that it is equally crucial to provide appropriately selected human
factors training to those entering aviation. We must not forget that private pilot training is the
foundation upon which all future aviation training rests. We also must not lose sight of the fact
that, in Canada and other nations, a significant number of pilots obtain a licence for non-
commercial purposes. These pilots deserve the opportunity to benefit from human factors
training geared to their particular type of operation even if they choose to end their formal
aviation training with a private pilot Licence.

Those who work actively at the heart of aviation rely on the research community to
investigate better and different ways to address the many human factors questions. Front line
practitioners rarely have the time or the opportunities to investigate complex issues to the degree
necessary to break new ground. In Canada, we have taken a few small steps in recent years.
We have introduced, as best we currently know how, some aspects of human factors training
into pilot training at all levels. We recognize the need for further information to help us answer
questions like: "What kinds of human factors information should we pass on to those training
for a private pilot Licence?", "Are there more effective and efficient ways to help our students
master human factors concepts?” and "Can we evaluate mastery of all human factors concepts
and if so, how should we be attempting to complete the evaluation?"

If you feel that our Canadian experience can offer assistance or guidance to your
particular application, I invite you to copy, modify or otherwise follow what we have done. I
will happily provide more specific information to any members upon request. For those of you
who have already exceeded our work, I would be most pleased to hear of your experiences in
hopes that we can supplement our work based on your accomplishments. For those of you with
technical knowledge and research experience and abilities, I urge you to consider our suggestions
for areas of further research.

Just as I know that pilot training is today very different from what existed earlier in this
century, it is my hope and my belief that as we move into the next century, we will see gigantic
strides and new directions for human factors training. To do so will take more than the efforts
of individuals and nations. It will take the combined and cooperative effort, skill and knowledge
of literally a world full of specialists to maximize our results. It is through gatherings such as
this that we can share ideas and plans. I look forward to the development and growth that I am
sure will come.
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ICAO Flight Safety and Human Factors Symposium
Washington USA April 13-16, 1993

Human Aspects Development (HAD)
~The Swissair Training Syllabus : by Dr. B. Schar (SWITZERLAND)

1. Introduction

Since January 1 of this year, Swissair has been conducting a
two-day course devoted to Human Aspects Development for Line
Pilots and Flight Engineers on a near-weekly basis. The course‘is
held in a charming yet modern hotel in a picturesque villagé not
far from zZurich. Away from the hustle and bustle of the airport,
the building and its surroundings are a stimulating setting in
which to promote the interpersonal aspects of being a cockpit
crew member.

With few exceptions, the course managers and trainers are
themselves active line pilots who have volunteered for this
activity. They have all passed an assessment and completed
special training.

Half of Swissair's 1,100 pilots will attend the course in 1993.
The other half will undergo a standard route check in an
aircraft. Next year the two sides will switch. By the end of 1994
all pilots will have taken a HAD course and a route check, both
of which are compulsory prerequisites to obtain‘Proficiency
standing. Furthermore the element "human factor'" is part of the
Standard of Performancé as set down in the Flight Operations
Manual (FOM).

The theme of the 1993/94 HAD course is Communication. The highly
practical and interactive approach requires that participants
become truly involved. They cannot remain passive. Through the
activities in the course participants gain the skills necessary
to communicate effectively, good communication being an element
of optimuh Cockpit Résource Management (CRM).
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The infroduction of these HAD Courses marks a bold step forward.
In addition to checks and refreshers, which take place either in
the cockpit of an aircraft or in a flight simulator, the
development of human skills takes place in a less technological
setting.

On the basis of our first three months"experience, we regard the
HAD Courses as a success. Response has been thoroughly positive.
Participant feedback indicates that the courses have had a ‘
positive effect on their skills and conduct and have made a
discernible contribution to enhancing flight safety. Further
indications show that close communication_betwéen participants,
trainers and management pilots has a clearly positive effect on
corporate spirit.

This brief review of the HAD course for line pilots serves as an
introduction to the theme of HAD ~ The Swissair Training
Syllabus.

What is the basis of this syllabus? What does it include?
What is Swissair's rationale for the program? What approach do we
take?

The following explanations will proviae answers to those
questions:
25 Swissair Positioning _

Fundamentals of Swissair pilot training
Swissair's positioning is a determining factor in all training
and advanced training activities for flying personnel, including
HAD. Without well-directed training, we cannot hope to meet the

challenges ahead.

Three main features identify Swissair's positioning, each
relating to particular qualities:

~ we aim to transport our passengers as safely as possible

- we aim to offer our passengers maximum reliability



A-106 Circular/Circulaire/Llupxynsp 243-AN/146

— we aim to provide our passengers with individualised, top
quality service

When it comes to flight safety, we make no compromise. Even if
that involves great expense and on-going effort. This point
applies particularly in economically difficult periods, which is
when saving in the wrong areas is particularly‘unwise.

Flight training at Swissair is based on five principles which
govern as well HAD. The first of these principles is the most
important. The other four are placed in no particular order but
are all dependent on the first principle.

The first principle:
Flight safety is tlie first priority of all training activities.

Since flight safety as an overall probability is made up by the
multiplication of all probability elements in flying, no single
probability element can be allowed to tend toward zero.

Therefore consideration must be given to all influential factors
pertaining to flight operations.

The consequence then is easily expressed. We should strive for
the highest possible level of guality in every aspect: namely,
- with regard to trainees and, by extension, selection

- . with regard to trainers

- with regard to training equipment

As a consequence of this basic principle, HAD is indispensable.

The point is that it is no use having aireraft and cockpit crews
which achieve the highest possible standards of technological and
aviation capabilities, if the crew's interpersonal skills and
conduct jeopardise flight safety.
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The second principle is:
retain control over training

This does not mean that Swissair intends to do everything itself.
The principle allows for cooperation and delegation of tasks. But
it does mean that Swissair intends to retain control of content,
procedures and results of any training. '

Consequently, Swissair must, for the decisive tasks, have its own
trainers, own training material and its own technical rescurces.

From Swissair's point of view, purchasing training services
completely from outside sources would not be in keeping with the
high standards of quality stipulated in our airline's positioning
concept.

As a component of training, HAD is a far more delicate matter
than the technical side of training. There is a strong likelihood
that pilots will reject any pointless unsuitable training
activities related to human aspects. Such misguided activities
would ultimately do more harm than good, simply failing to
advance the cause of flight safety. As we see it, this is the
main reason why the introduction of practical programs has been
so difficult worldwide.

Therefore, the second principle has the following implications
for HAD:

- Experiences drawn from international practice and knowledge
drawn from worldwide research are valuable. As such, they
are integrated into Swissair training.

- Support and input from external experts is valuable and
should be encouraged.

- HAD —- as a process and as training -— is a task that
should be handled for the most part in-house, using in-house
instructors. Further, HAD must be broadly supported and
clearly endorsed by top management of the company.
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The third principle states:

Flight training must be consistently geared toward practical
aspects and the realities of the market.

In particular:

From

All forms of training (basic, advanced, recurrent) must be
geared toward the practical aspects of aviation.
Consequently, active line pilots should be assigned on a
secondary basis to participate as instructors in the
training program.

Wherever possible, training for cockpit and cabin crews
should be carried out jointly.

Pilots too must be willing to perform specific customer
service duties. Without that willingness, a pilot is ill
suited to fly a passenger aircraft. Technical and aviation
skills are, of course, essential but not enough on their
own.

the orientation toward real flying operations follows:
Social and interpersonal skills must be taught as more than
theory. HAD must be geared as much as possible to practical
applications. All participants should be able to apply in
practice everything they learn and be able to register
progress in their daily work.

Trainers should be practice-oriented, with a recognisable
flair and aptitude for instruction, and properly prepared
for the difficult task ahead. In other words, the principle
here is that HAD should be conveyed primarily from pilot to
pilot, with outside specialists taking a supporting role.
That approach minimises pilot rejection.

The fourth principle states:

All training activities should ensure that a suitable balance is

maintained between technical/economical and interpersonal

requirements.
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Because of the nature of the exercise, a clash of objectives may
arise that sets the pilots' own expectations and goals in
conflict with the technical conditions and economic forces on the
company. Resolving this polarity may not be easy, particularly
during periods of economic difficulty.

Nevertheless, an acceptable balance must be found that can be
implemeﬁted by all those involved. Failure to do so may
jeopardise the entire project. Management and trainers are
challenged to constantly seek a workable solution.

HAD makes an important contribution to this balance in that it
has a positive influence on corporate spirit and all forms of
interpersonal relationships. Further, this principle contributes
to making technical and non-technical training a holistic entity,
with the long-range goal being integration of the two.

The fifth and final principle states:
Flight training must be efficient and effective.

This principle requires: .

- The stated objectives and abilities are to be achieved with
minimum of personnel and material resources
(economy-of-effort principle).

- Flight training must be reviewed regularly to ensure that
training is appropriate. The question is: Do we train the
right things and the procedures are they adequate?

With regard to HAD, the following consequences apply:

- We determine what we want to teach and what we want to
achieve. We endeavour to do so according to the principle of
economy—-of-effort.

- We constantly review whether our content and procedures are
appropriate, making use of international contacts and
experiences in the process. But feedback from those involved
is also important. After all, HAD must prove effective in
the cockpit and must also have a beneficial effect for
passengers.
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This

Swissair's HAD Concept

The Swissair HAD concept approved in 1991 pursues a central
goal:

Special training, known as HAD, should complement existing
training, which to date has been geared rather toward the
operational/technical aspects of flying. It should
contribute toward maintaining and/or improving flight safety
to the highest possible level.

Further, HAD should foster all aspects of -interpersonal
dealings of the cockpit crew in the performance of their
daily work in the aircraft and within the company in
general.

concept consists of three main elements:

HAD Schweizerische Luftverkehrsschule/SLS (Swiss Civil
Aviation School): basic HAD training during the 18-month ab
initio training as line pilot

HAD instructors 'Train the Trainer Program'" for all
instructors involved in training flight personell. The
trainers serve as'examples and conveyois of information for
the trainees. If they are inadequate in terms of '"human
aspects', i.e. if there is a gap between expectations and
reality, then the entire HAD training is doomed to failure
from the start.

HAD for line pilots: the focus here is on advanced HAD

. training, i.e. on the fostering of "human skills" as a pilot

in the cockpit, as a team member in the aircraft, and as a
colleague within the company. This advanced training should
be an ongoing careér—long process, just like checks and
refreshers in the aircraft and flight simulator.

The HAD Concept is based on the following considerations:

HAD is supported by corporate commitment as an essential
element of training at the highest level.

HAD is an integrated component of flight training and not
an artificial appendage. Human skills and technical skills
must complement each other as a cohesive whole.
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- HAD means lifelong learning and further development. The
appropriate knowledge and abilities cannot be learned on a
one-shot basis. Real progress can only be made through
repeated effort to foster non~technical skills.

- A commitment to the need for HAD means that the human
aspects be given greater weighting in recruiting and
gualification than thus far has been the case. A pilot
trainee or a fully-trained pilot who later proves inadequate
in terms of human aspects must, if we are to be conSistent;
be dismissed, even if he is a brilliant pilot from a pure
technical point of view.

- Responsibilities are to be regulated in precisely the same
way ‘as applies to other aspects of flight training. But
because of the highly interlocking nature of human aspects,
the fields of Flight Operations, Flight Safety, and Flight
Training must work much more:.closely together than they have
in the past.

- HAD training is new and complex. So resistance and
skepticism are quite natural. It is essential that
participants come to display a high degree of acceptance.
Therefore, the best approach is to be pragmatic and
evolutionary, rather than revolutionary. A high level of
applicability is essential, with the emphasis to be placed
on suitable practitioners rather than external specialists.

- HAD training must be in line with international standards,
recommendations and experience. In particular, such training
must satisfy the regulations of ICAO and JAA, thereby
ensuring international standardisation.

Responsibilities for HAD training, a key factor in ensuring that
the objectives are reached, are regulated as follows:

- The Vice President Flight Services (Division 0) issues the
mandate to conduct HAD training, based on the concept as
outlined.

- The Head of Flight Crew Recruiting and Training (OT)
controls the HAD training program.

A Steering Group, which consists of the Head of Cockpit
Crews (0OC), the Head of Flight Safety (0Q) and the Head of
Training (OT) supervises the program.
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- The Head of HAD Training (OTE) is in charge of the
specialist unit for HAD, which makes its services available
on a cross-divisional basisS. The HAD unit counts
approximately 30 co-trainers who are all line-pilots
specially selected and trained. '

4. HAD Schweizerische Luftverkehrsschule/SLS (Swiss Civil
Aviation School)

The Swiss Civil Aviation School trains candidatés starting from
PPL in an 18-month training program.

The training program is divided into three main sections:

~ Advanced ‘Training PPL, aircraft type Piaggio 149

- Training for Commercial Pilot Licence (CPL) with Instrument
Rating (IR), flight trainer/simulators and aircraft types
Piper Seneca Or Beech Baron

- Training for Airline Transport Pilot Licence (ATPL),
simulators and aircraft type Piper Cheyenne or Saab 340

Upon completion of training, pilots then join Swissair and

complete further training to become First Officers on the MD-80

or Fokker 100,

buring their training at the Swiss Civil Aviation School, the
trainees attend a basic HAD course lasting overall nine days,
which corresponds to the-standards set by the European Joint
aviation Rules Flight Crew Licencing (JAR FCL). This training
serves as the foundation for all later HaD training during the
pilot's entire career.

5. HAD Instructors

The purpose of the HAD program for trainers:
To teach and develop the skills necessary to enable instructional
staff at all levels to set an example regarding human aspects to

all trainees. Their conduct should have ‘a positive mulitiplica-~
tive effect. '
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we are convinced that trainers without adequate interpersonal
skills of their own cannot be permitted to teach trainees.

Instructor training is also geared toward the standards
envisioned by JAR FCL. Instructors are to acquire basic training
as a foundation before being permitted to teach. Thereafter,
compulsqry refresher courses are held at regular intervals.
Beyond that, advanced training is offered, which provides further
practical instruction.

6. HAD for Line Pilots
Motto for HAD Program for Line Pilots:

"To the best level of safety, service and well-being through
development of human potential".

This training consists of two main elements:

First:

the two-day HAD courses which all pilots attend every two years,
the course content being different each time. These courses are
cost-neutral in that from 1993 onward they replace the previous
system of annual inflight route checks (RC). On a biannual basis
a ground-based HAD course can replace a costly line check in the
air. The somewhat shorter Ground School Refresher (GSR) continues
to be held yearly.

Second:

Special HAD training for First Oofficers (F/0), i.e. for young
pilots in the early stages of a career. The training focuses on
“"followership" and leadership, crew performance, and
process—oriented interaction.

The basic outline of the HAD-courses is as follows:
- 40-50 two-day courses per year
— Main trainer provided by the Flight Safety Department

2 co-trainers support and assist

|

maximum 18 pilots per course, inclusive one management pilot
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The main themes for the 1993/94 cycle is Communication. The focus
here is on stimulating and fostering existing talents and
improving communication skills. This process is designed to
fulfil the objective of having a positive influence 6n pilot
conduct, attitude and interpersonal understanding. It goes
without saying that this in turn will have a bositive influence
on flight safety, thereby fulfilling the objective.

The content of the two-day course is consistently geared toward
interactive, practical application. This means that the
participants spend the two days communicating with one another in
a real way, as they would while actually performing their duties.
The emphasis is on practice, not theory. In other words,
participants gain experience in hands-on training in
communication.

7. Conclusion

What we do not want:

Inadequate communication, unsatisfactory cooperation, lack of
mutual understanding, inadequate ability to solve problems in
difficult situations, poor system management, diminished
flexibility, poor cockpit/cabin cooperation, cockpit regarding
passengers as a nuisance...

Summary: flight safety and performance unsatisfactory.

What we do want:

Effective communication and cooperation, a positive relationship
based on mutual understanding and shared attitudes, clear '
expectations, reliable and appropriate problem solving in all
situations, optimum system management, high degree of
flexibility, positive teamwork between cockpit and cabin crews,
cockpit regards passengers as partners and customers......
Summary: flight safety and performance satisfy highest standards.

Also unwanted:

Over-emphasis on technical aspects, resulting in non-technical
aspects being neglected. Such an approach poses serious risks:
— flight safety stagnates or declines )
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— chances of maintaining market position are diminished
- corporate culture jeopardised
- chances of developing human potential impaired

Also unwanted:

Over—-emphasis on non-technical aspects, resulting in technical

aspects being neglected. Such an approach poses the same risks as

referred to above.

We strive to establish an optimum balance between the two. We are

convinced that:

- by doing our utmost to attain the highest possible standard of
quality with regard to technical aspects of flight operations
and training,

- by effectively incorporating non-technical aspects, i.e.
"human" aspects,

we then live up to our responsibility to our passengers, in that

we offer them the highest possible level of flight safety,

thereby earning their trust.

At Swissair, we are convinced that our HAD Program:

— fosters flight safety

- develops in a positive way interpersonal skills and many other
professional attributes of our cockpit crews

— thereby contributing to the well-being of all involved

- influencing corporate culture in a positive way

- enhancing the quality of our service and cost-benefit ratio.

In doing so, we are acting in the interests of our passengers,
our own company, and civil aviation.
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MAINTAINING OPERATIONAL INTEGRITY
THROUGH THE INTRODUCTION OF
HUMAN FACTORS TRAINING

Douglas Schwartz (USA)

Operational Integrity

Operational Integrity

Operational Integrity is a term that embraces the six imperatives of every flight crew. To assure
that the flight is operated safely; the aircraft and resources are used efficiently; the flight
complies with the established schedule; that passengers are provided with the most comfortable
flight possible; the flight is operated in accordance with applicable government regulations; and
that the flight is operated in accordance with company operating policies (often called operations
specifications).

OPERATIONAL INTEGRITY

SAFETY + OPS SPECS
+ EFFICIENCY « SCHEDULE
*+ REGULATIONS « COMFORT
- l
[ 1
CREW PERFORMANCE - | CREW PERFORMANCE
TECHNICAL HUMAN FACTORS

Operationél Integrity is the responsibility of every flight crew.

THE COMPONENTS OF OPERATIONAL INTEGRITY

The performance of a flight crew to achieve Operational Integrity has two components.

The technical component of crew performance includes knowledge and skills relating to aircraft
systems; normal, abnormal and emergency operating procedures; ATC procedures; instrument

flight procedures; navigation and charts.

This area is well documented, thoroughly trained and rigorously checked. In fact, the airline
industry is quite accomplished in the technical component of crew performance.
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The human factors component of crew performance includes a body of non-technical knowledge
and skills that influence the technical performance of flight crews. Communications skills; team
building; the exercise of command and use of leadership; decision making; management of
resources, workload and stress are among the subjects relating to this area.

Today, the airline industry is only just beginning to address the requirements of the human
factors component of crew performance. It is poorly documented, rarely trained and almost
never checked. '

TECHNICAL VERSUS HUMAN FACTORS INFLUENCE IN ACCIDENTS

It is revealing to note that only 30% of crew caused accidents result from technical crew
performance failure. However, 70% of crew caused accidents are the result of human factors
crew performance failure.

OPERATIONAL INTEGRITY

« SAFETY - OPS SPECS

« EFFICIENCY « SCHEDULE

. REGULATIONS . COMFORT

[
I . |
CREW PERFORMANCE CREW PERFORMANCE
TECHNICAL L HUMAN FACTORS

30% OF ACCIDENTS 70% OF ACCIDENTS

Success achieved in the area of technical crew performance must be repeated in the area of
human- factors crew performance if we are to improve system safety.

This requires a different view of old issues. As an industry, perhaps even as a society, we*have

grown to expect technical solutions to resolve our operating problems. Today however,

technical solutions are providing less and less margin of improvement while, at the same time, .
becoming increasingly expensive.

An example of the application of technical solutions to operating problems in the late 1960s and
early 1970s was the use of flight simulators. Simulators all but eliminated the risk of accidents
during training flights within the airline industry. And because simulators provided an effective
tool for better pilot training, still more improvement in the line safety record was realized.
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In the 1980s, the introduction of ground proximity warning systems helped improve the accident
record by reducing controlled flight into terrain errors. As effective as these systems were, and
continue to be, they did not have as much impact as the broad use of simulation.

TCAS, terminal collision avoidance systems, today are another example of technical solutions
applied to operational problems. TCAS is a valuable resource and a welcomed addition to the
cockpit that will help reduce the risk of midair conflicts. However, does the cost justify the
benefit? When was the last midair collision involving an airliner? Many cannot even remember
that it was in 1989 in the Los Angeles area when an AeroMexico MD-80 collided with a light
single engine aircraft over Cerritos, California.

Is TCAS worth it? Probably yes. But it is an example of increasingly expensive technical
solutions applied to operational problems that yield a declining measurable benefit to system
safety.

SOLUTIONS TO BE FOUND IN-HUMAN FACTORS TRAINING OF CREWS

We must recognize that human solutions to operating problems will provide more benefit for less
investment than will technical ones. Flight crews require both technical and human factors
knowledge and skills if they are to be as effective as possible. Training in the non-technical
knowledge and skills normally referred to as Crew Resource Management (CRM) training will
influence the technical performance of flight crews and provide an effective means to improve
system safety. '
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Appendix

'COCKPIT RESOURCE MANAGEMENT TRAINING
PROJECT OVERVIEW

Cockpit resource management training is designed to increase the safety
and efficiency with which flight crews operate aircraft in scheduled

service.

Because the operating environment at each air carrier is

different, the best CRM program is one that is customized to meet the unique
requirement of the airline.

FlightSafety recognized this and suggests the following process which can be
used to customize our basic two-day CRM workshop to your specific needs.

I

IT

III

Iv

VI

Strategy Meeting

FlightSafety CRM experts meet with airline
representatives to define the airline's goals and
expectations for CRM training. FlightSafety personnel
cbserve line flights from jump seat to develop better
understanding of airline operating environment. CRM
course outline defined; target dates established.

Facilitator Training

FlightSafety will assist the airline in selection of CRM
facilitators. Facilitator training is then accomplished
in accordance with a prescribed facilitator training
plan.

Courseware Design and Materials Production

FlightSafety will modify our basic two-day CRM workshop
program to meet the requirements established during the
strategy meeting.

Instructor manuals, audio-visual materials and student
handouts and manuals will be produced for delivery to
the airline.

CRM Program Implementation and Courseware Revision
FlightSafety will assist in implementation of the
Program at your airline, supervise the first classes
by your facilitators and make a revision to the course
following the second workshop.

FllghtSafety will conduct a spec1al two-day tralnlng
session for line check airmen and instructor pilots
describing how they can implement CRM behaviors during
line training and checks.

Follow=-on Support

FlightSafety will provide additional assistance and
support, as required, to assure smooth and successful
implementation of the CRM program.
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CRM PROGRAM DEVELOPMENT: A TIME FOR INTERACTION

J Norman Komich _
Flight Safety Institute
Sacramento, CA

In an interview in the Oct 1990 issue of the Airline Pilot
magazine, Clay Foushee was asked about LOFT and CRM training.
In his answer, he stated "If I were running one of these
programs, I'd have a major exercise every year with my flight
training and operations staff to completley revise the
scenarios." I wholehearted support that statement, but I find
myself wondering "Why limit the discussion to only the personnel
within one's own flight operations department?”.

Motivated by the need for a new CRM curriculum for
recurrent training once a year, such an "annual review" has
become common amongst CRM program developers. However, when
these individuals responslible for determining the next year's
curriculum, pool their thoughts, what is the source of their
ideas? In spite of years of emphasis on the NEED for CRM
training, there is still little formal guidance available on HOW
to teach CRM concepts. Discussions on this subject with a
number of air carriers, indicate that their ideas are typically
spontaneously generated by those individuals within the group.
Experience is proving to be THE mentor on teaching CRM. If this
'experience' is limited to those within one flight operations, I
pose the following four questions:

1) How many years of a CRM program must pass before the "Law of
Diminishing Returns” takes place within one flight operations
group ?

2) How much redundancy of effort is presently occuring and if
it 1s, can the CRM industry afford the reduced margin of safety
associated with such reinventions of the wheel?

3) Are the line pilots all over the world getting the VERY best
CRM trajning they can for the time, effort and expense put into
their trailning? : '

4) 1Is this system addressing ALL the problem areas associated
with CRM Issues? '

Taking each question in order, the answer to the first
takes into consideration the basic CRM concept that synergism
between members of a group produces a better ouicome then
efforts by Individuals., Why is CRM program development any
different? Which will have the better outcome, one fliight
operations department, or several working in concert? Perhaps
its time to practice what is being preached.

The next question on redundancy is somewhat subjective but
with regard to a safety issue as critical as CRM continues to
be, the aviation industry can 111 afford to waste time
accomplishing something that someone else already has.
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Historically, there was an Inltlal reluctance to open one's CRM
program to others. This was precipitated by the initial cost of
establishing a program as well as the proprietary attitude
associfated with the "culture” of one's own airline. This
attitude has changed over the year's and more and more CRM
programs are opening their doors to outsiders; the CRM industry
needs to strive for ALL programs to have such a policy.
Additionally, the Northwest Airlines annual CRM workshop, held
twice so far, Is the first formal opportunity for such
interaction between a variety of operations including various
alr carrlers, the FAA, the military etc; the worldwide CRM
industry needs many more of these.

The third question on the quality of CRM training being
presently received is somewhat subjective. Entire presentations
have been given on evaluating the quality of CRM programs,
Suffice it to say here that while significant gains have been
made in lmproving teamwork both in and out of the cockpit, the
CRM industry needs to look at what must still be done, and not
Just relish what already has been accomplished. I base this
conclusion on the fact that CRM "war stories” continue to be
told in which an accident or Incident did not occur but the safe
arrival was simply too close for comfort. Because they don’t
result in an accident, Just a reduction in the margin of safety,
such "dirty laundry" is not typically aired for the public, but
line pilots are acutely aware of them. As a current line pilot
who also flew in three different military reserve units, each
with pilots that I continue to question who come from a wide
cross section of varlous air carriers, as well as querying
extensive jump seat riders from other carriers on my flights, I
continue to hear such stories. As an individual concerned over
aviation safety, I point these out as evidence that while the
CRM industry has come a long way, it still has a long way to go.

Before discussing the specifics of assuring the very best
quality of CRM training, let me take a moment to discuss two
idiosyncracies assoclated with training pilots. The first
involves the 'students' and is that pilots attending training
typically fall into three categories: 1) the first are extremely
conscienscious to the point of furiously writing down everything
that the instructor says in a notebook for future reference, 2)
the second group are the the majority who sit and listen and
depend on "recall" of their memory to carry out those important
messages; ie if it was noteworthy enough, they'll automatically
remember it, and 3) the last group are the ones who already know

everything and have forgotten more than the instructor will ever

know; they typically read the paper and daydream in class.
Needless to say the three groups form a typical bell curve with
1 and 3 at the extremes and 2 making up the brunt of the middle.

The second idosyncracy involves the instructor; experience has
shown that the 'better' instructors of pilots have two
objectives with regard to any pilot training program:

1) they need to establish the "MEAT" of the program, ie the
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message to be taken out of the classroom and carried into the
cockpit, and then they have to

2) find a way to present it in an entertaining and stimulating
manner so that the class accepts and retains the message; with
regard to flight crews, "Savvy" instructors have achieved this
through a variety of approaches Including humor, shock,
interactive involvement, and sex (before Anita Hill). Put

another way, the savvy CRM program developer becomes a
“translater” who interprets material provided by academja,-the
FAA, the NTSB, aircraft manufacturers etc. and puts it into a
language that the line pilot will listen to, remember, and use

on his or her next and ensuing flights. Such savvy Instructors
are typically born and only "made" with considerable effort.

This effort necessitates the requirement for ALL the assistance
available, not just within one group but within the entire CRM
industry. This global perspective Is necessary IF the goal is
truely to provide the highest quality CRM training available.

Determining what constitutes the "meat"” and then
trenslating it into an "entertaining" presentation is the key to
a successful CRM program. The Introductory first class in any
CRM program attended by those who have never heard of CRM
before, Is relatlvely easy. The subject is so new and different
when compared to traditional ground training, that it is
typlcally well received, even by many of the "group 3"
crewmembers. However, once the newness wears off and the
honeymoon is over, optimizing the etfectiveness of the CRM class
by keeping it fresh, stimulating, and productive is a constant
challenge for the CRM program developer. With that in mind, I
offer the following suggestions to the CRM industry to optimize
the quality of all CRM programs; in addition, where applicable,

I present my motivation for including them:

1a) To allow sharing of successes in developing CRM
programs, the aviation industry needs to continue to work toward
opening its CRM program doors to everyone. The following
scenario Just occurred in March of 1993 when I received a phone
call from a pilot at a large regional airline who was seeking
assistance In starting a CRM program on thelr property. I asked
what sort of assistance they were getting from the large carrier
they code shared with and I was very surprised at the response
of "None". So while the CRM industry has made a lot of progress
in this area of sharing, there Is still a long way to go.

ib) Such attendance should provide the opportunity for
"outsiders” to critique what they have observed. This does not
require that all such critique be accepted, but the sincere
avenue for Its presentation should be made. CRM Program
Developers need to be more open to constructive criticism from
peers outside their operation. I make the observation that "CRM
Program Development is a CRM ISSUE !". By that I mean that one
CRM issue taught in every CRM class is the omnipotant captain
who feels he knows everything and that the other two crewmembers
have little to offer in the way of advice. Likewise, I see the
enthusiastic CRM program developer so caught up in the
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excitement and power of their program that their receptivity to
criticism is minimized. The CRM industry could use a little
humility and humbleness when it comes to seeking outside
critique in making one's CRM program the very best it can be.
When one preaches two way communication in the classroom as a
CRM concept, they need to be sure to take their own advice. I
cite as an example of the need for this, the statement
repeatedly made by the CRM program director for a major air
~carrier: "We still consider CRM to be "COCKPIT Resource »
Management” and not "CREW Resource Management" because our
captains are going to ALL be properly trained in CRM skills and
consequently the flight attendants do not have to be.” When it
was pointed out that it was unlikely that one eight hour class
would bring every Captain into the CRM fold, he did not want to
hear it. Such naivete could not only result in just a less
effective  CRM program, it could border on dangerous.

2a) Quality videotapes are an excellent teaching tool. I
realize that the production of such items costs money. However,
such items should NOT be looked at as a source of revenue but
rather as an opportunity to make the whole aviation community
safer. Initially, witholding such tapes and not sharing them
generates NO additional revenues. Then after a period of time,
such tapes are often shared, but by then they are outdated. I
have raised this question with others and I have been challenged
on the premiss that in addition to the monies involved, there is
a reluctance to air one’'s dirty laundry when negative issues are
presented. I understand such protectionism, but I offer the
following: as with ALL negative issues raised in CRM classes,
they should be introduced with the game rules that "we view
these accidents and incidents with the intent of not looking
backwards to say 'what a bunch of dummies' but rather to look to
the future to assure that we don't make the same mistake when
confronted with a similar situation in our careers”. A quality
CRM facilitator can oftentimes convey the concept of "there but
for the Grace of God, go I" in such instances. As two examples
of the need for the above, I cite the search for copies of the
videos on the two DC-8 accidents: the freighter at Salt Lake and
~ the fuel starvation at Portland. After calling every resource I
could, I was told by one carrier that I could have the copiles
for one thousand dollars; I eventually got them for nothing
- through the Air Force. Regarding the L-1011 windshear accident
at Dallas Fort Worth, after repeatedly viewing the video on that
accident and repeatedly being denied a copy, I finally learned
that it cost five thousand dollars and the signing of multiple
legal documents to procure copies. Now it is becoming more
readily available for nothing. Notwithstanding the legal
ramifications of litigation following an accident, the CRM
industry needs to reevaluate what and what doesn't constitute a
revenue source when it comes to aviation safety and then
reconsider making these videos more readily available to others.

2b) One of the greatest teaching tools for pilots is
"Hangar Flying"”, the shairing of 'there I was' stories. There
needs to be a forum for the CRM industry to share these hlghly
effective devices for putting a CRN point across.
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3) Methods of Instruction of the various concepts of CRM
vary widely in technique and success. Again, there should be
the opportunity to share and exchange such technigues, with
explanations of the evolution. Typically when a CRM program
developer puts an annual curriculum together, this curriculum
undergoes an evolution process as it iIs presented to flightcrews
month after month. The final product might vary considerably
from the first class. Again, it is a terrible waste to have
another CRM program undergolng the same "reinvention of the
wheel” when they make the same mistakes another program already
experienced and discarded. There simply needs to be a more
formal avenue to share such knowledge.

4) There are a wide varlety of meetings which are held each
year to discuss CRM issues. If the concepts, conclusions,
theories, perceptions etc. which arise from each of these
meetings do not make it to the line pilot, then I make such
efforts analogous to the football team which struggles 99 2/3
yards to the one foot line but fails to score, thereby
accomplishing really nothing. The alrline Industry can i1l
aftord to waste such efforts; they need to assure that ALL such
pertinant data makes It to the line pilot. Additionally,
everyone should have access to these meetings whether a member
of the organization or not. There needs to be an active
worldwide "Network" listing of CRM program developers to assure
they are aware of all such gatherings. Also, one should be able
to reference ONE source to learn about what the CRM calendar
holds for the future with regard to ALL pertinant meetings.

The last question of whether the CRM industry is addressing
ALL the CRM lssues 1t should, ls pointed at the "meat" portion
of CRM curriculum development and I offer the following subjects
for conslderation. One special point of Interest regarding
these subjects is that they are earmarked for special groups. It
is no longer the development of a CRM program to cover the
"masses”" of the entire pilot force; rather, it is the design of
a special curriculum to address the specific needs of specific
individuals. Developing the two points above of the "Meat" and
the "Delivery" of such a specialized curriculum Is far more
difficult than the generic CRM program and consequently mandates
even further requirement for the CRM Industry to Interact. I
acknowledge that some carriers have already begun to address
these issues, but agaln, why does the industry tolerate such
duplication of effort when someone else begins to address these
issues for the first time?

1a) New Captain and new first offlcer upgrades deserve special
CRM attentlon which addresses those specific issues they will be
confronted with in their new position. Again, how does one
determine what these issues are and how to effectively teach
them? -

ib) Over age sixty flight engineers. After flying as captain
for many years, the individual ls put into a subordinate seat.
Most handle it well but what about the one who does not?

ic) Regression due to furloughs in which a Captain s
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downgraded to F/0 and an F/0 is downgraded to S/0. Both are
significant changes, not coming by choice but rather by '
mandate. At present, the training for such downgrades only
involves checking out in the equipment even tho there is much
opportunity for disgruntlement.

2) Bringing other groups into the realm of CRM. Including
Fight Attendants, dispatch, maintenance, agents, cleaners, etc

in CRM classes effectively, takes a certain flair.

*3a) Overly assertive first and second officers. This issue.
has been around for a long time but the Detroit ground collision
between the DC-9 and B727 during reduced visibity highlighted
the requirement to address It.

*3b) The individual who says one thing and then does something
else: "I want CRM in this cockpit” but then when someone
challenges his decision, he fails to respond.

*4) Remedial CRM for an entire crew to appease the FAA on a .
"Voluntary Disclosure” issue. My carrier has successfully
implemented this twice; have any others and how did they do it?
*5) CRM to cover intra cockpit stress due to a merger or post
strike, two highly volatile issues that can generate conflict.
*6) In the authors' opinion, one of the biggest compromises to
safety Is the non team player, occasionally referred to as a
"boomerang” but that suggests that there is actually a movement
in the wrong direction. That fails to address the individual
who just does not move off that far left postion or if he does
move, it isn't enough. Both the boomerangs and the non movers
generate many of the CRM war stories. In Sept 1989, ALPA ran a
full day workshop on this subject titled "The Remedial CRM pilot
problem"”, yet the war stories continue to be told. Similarly,
one major carrier developed a remedial program designed around a
nationwide network of councillors, but this program was dropped
due to certificate jeopardy on the new FAA form. To date then,
the results of an acute awareness of these individuals is just
TOLERANCE; from a safety perspective, this in unacceptable. This
is an issue that must be addressed more formally and one that
MUST have interaction between groups, particularly when there is
any note of success.

NOTE: I acknowledge that the above *'d items are typically
highly sensitive from both legal and reputation perspectives;
nonetheless, with the appropriate emphasis, they can be treated
accordingly and interacted upon for the benefit of the entire
aviation industry as opposed to being hidden away like some
skeleton on a closet. »

So let us not lose sight of the true goal of ALL CRM
programs; let's remember that it is not simply the generation of
an 8 hour class to fill the requirements required by the local
Inspector; nor is it the generation of an in house power regime
to further one's own empire; nor is it to just generate revenue
for a commercial venture; nor ls it to generate statistical data
for a research project. No it is none of these; the true goal
of ALL CRM programs is to produce safer and more efficent flight
crews for all of aviation. Pro-active interaction betweeen CRM
program developers is one key method to achieving that goal.
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CRM: FEEDBACK AND APPRAISAL SYSTEM
Ms. P. Antersijn and Ms. M. Verhoef (Netherlands)

Assessment of non-technical skills.
Is it possible?

As you ail know, airlines must start assessing non-technical skills in the near future. But is it
possible, and how should we do it? At KLM we are convinced that, before you are able to
assess non-technical skills, you have to make sure that your training in non-technical skills is
adequate and sufficient. And that the people who will coach your cockpit crew on non-technical
skills (and in the near future will assess them), have the right tools to do so,

In this presentation, | would tike to give you some insight into KLM's approach to deal with this
prablem,

This presentation will cover the following topics:

1. The philosophy behind KLM's training approach.

2. Implementing a new training tool: the Feedback and Appraisal System.

3.  First results of the try-out of the Feedback & Appraisal System in KLM's A310 and DC-10
division.

1. KLM's Training philosophy:

If you take training seriously, it is important to regulacly evaluate your training package and
training approach. At the end of 1987 KLM's Flight Crew Training Centre came to a major
conclusion:

All important training items to ensure a good working cockpit crew were covered, but there was
still something missing.

We had our skill training, LOFT training, Crew Management training, a training in Public
Address techniques, our KHUFAC, but they were all separate courses or subjects; there was
no real refation between the technical and non-technical training. |

Subjects taught during, for instance, the Crew Management Course, were nat reinfarced during
simulator training. The instructors did not have a tool to do this.

As a consequence the instruction of non-technical skills within KLM was not as effective as it
could be.

The missing part was A STRUCTURALLY INTEGRATED TRAINING APPROACH OF
TECHNICAL AND NON-TECHNICAL TRAINING.
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This point of view was strenghtend by studies done in the field of didactics. They show that as

" soon as one has finished a course, skills which are rarely or never used, deteriorate.

Also a deCIine in the norm occurs for skills that have become routine. In a refresher training the
participant's skills are brought back up to standard. This performance curve can be described

as a sawtooth and can differ from person to person.

Traditionally, we accept and use this "sawtooth" curve as the basis for the setup of our
technical training (our Type Recurrents and Proficiency Checks), but it is of course also
applicable to non-technical training.

Figure 1: "Saw-toothed" performance curve

. ]
after

training
safe -
training
necessary
L.
- legal minimumilevel _ _ _ _ ____ _ __ ____
unsafe
N/

When this conclusion was reached at the end of 1987, the Flight Crew Training Céntre was

confronted with the question where to start. Non-technical training was up to then, a once in'a

lifetime activity. And instructors didn't have the tools to give effective feedback on non-technical

performance of the cockpit crew.

At the same time KLM was conftonted with other developments influencing the training

process, such as: , | |

- The ever growing competition between airlines. v

- Changes in the corps of Pilots and Flight Engineers related to age structure, distribution of
experience and cultural background.

- Operational changes such as long-haul flights.

- Changes in cockpit layout and ergonomics as a result of automation in the cockpit.

- And finally, general developments in the airline industry conceming Cockpit Resource
Management Training and related laws.
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To find out where to start, it was first necessary 1o map out the existing training process. In that way,
it became clear which factors played a role and how they influenced each other. It also made cleac
where to start with integrating non-technicai training into the existing training set-up.

Figure 2: Training Process

job description
ol I M
selection training | i P
K+$S

P = Performance
M = Motivation
K+ S = Knowledge and Skilis

§ wilt not expiain the complete diagram to you, but for KLM it pointed out that the main area's,

were, -

-

job description,

sélection,

e franing itself,

the process of data collection and comparing this to the namm,

and the organizational structure for manitaring and controlling part.

The job profile plays an important role in this prbcass.

- it is impartant for the selection criteria.

- {t determines what must be trained.

- it forms a trame of reference to determine if 3 person is performing as required, or to determnine
the quality of the training and selection process.

- and it offers a frame <f reference for the person himself, When someone's performance is
being measured, that person has a right to know what is expected.
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This is why KLM started the integration proces with the adjustment of the job profiles. By means of
interviews among middle and higher management the missing items were added. And with the help
of surveys among all pilots and flight engineers, its general completeness was checked.

Notwithstanding the other important items, | will focus the second part of my presentation on
the development of a tool for instructors. This tool was to help them in the process of non-
technical data coliection and to help them to compare this data to the norm. We calied it the
Feedback & Appraisal System.

2. Implementing a new training tool: the Feedback and Appraisal System.

The Feedback and Appraisal System consists of two parts: a terminology part and a reference
part.

When dealing with non-technical skills, it is important that both the instructor as well as the
crew, know what they are talking about. That they'speak the same language.
Miscommunication. misunderstanding and misintepretations are fatal for effective counseling or
debriefing. Especially the acceptance of the crew of the instructors feedback is important. The
quaiity of the feedback can be just as good, but if the acceptance is zero, the effect of the
debriefing is zero.

This demands a carefully planned debriefing tactic from the instructor.

A frame of reference is important so that everyone knows what KLM expects. In training and
assessment situations, the frame of reference gives the instructor a tool to be as objective as
possible. _
Of course, it is very difficult to describe a kind of norm for non-technical skills. The behaviour of
a crew depends on the situation and on the individual crew members themselves, or does it?

If we want to assess non-technical skills, it is important that this be done as objectively as
possible. At KLM we have been working on the Feedback and Appraisal System for 3 years .
now. We are not completely ready yet, but we have gone a long way in the right direction.
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The strength of the Feedback and Appraisal System is that it describes in clear terminolbgy the
work of our cockpit crew; Clearly visible for everyone and with no psychology, at all.
~ This is because it was developed from on-the-job sntuatlons More than 60 interviews with instructors,
pilots and flight engineers resulted in over 600 cases where non-technical aspects play an important ..
role in the safety of the operation. In the end, all these on-the-job situations were divided into five
main categories, with the aéronym WILSC:

WORK ATTITUDE

INFORMATION MANAGEMENT

LEADERSHIP

STRESS MANAGEMENT

CO-OPERATION
There are 14 subcategories.
A short definition is given of each subcategory and underneath the matching behavioural
components that play a role in this category. | '

See for instance one of the subcategories of Work Attitude: Exercise of self-criticism.
The definition of this subcategory is: Being critical in relation to one's own functioning
With behavioural components as: ‘

- evaluating one's own performance

- willing to discuss one's own functioning

- being open to criticism from others

and/ or

- asking others for information about one's own functioning

All definitions and descriptions are available to the instructor as well as to the pilot and/or flight
engineer. So the instructor as well as the person who receives feedback in the debriefing, know what
is meant by certain terms, how this is translated into observable behaviour and what KLM expects
from her crews. '

This approach and setup is one of the most important points if you want to get acceptance for
implementing a new tool. In order to gain acceptance from the users, it should be practical,
visible for everyone and deal with their job, no hocuspocus or amateur psychology. The users
must be part of the development of the system.
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Other important items for an effective implementation are among others:

~ Keep everyone informed during the development phase (users, management, unions).

- Try the system out under real circumstances and evaluate.

- Pick an implementation date, so that it is visible to the whole organization when the tool |
will be implemented officially; the instructors know when to use it in their training and the
crew also knows when they will be confronted with it. .

- Prepare the organization by means of informing and discussing implementation strategies
with management, Chiefs Pilots and Flight Engineers, Chief Instructors, Planning and
Scheduling Department, etc.

- Prepare each crew member by means of sending them information about the system and
its implementation. |

- Prepare the instructors to use the system and make sure they are properly trained in -
instruction techniques; briefing-, observation-, debriefing- and reporting techniques.

At KLM we started in July 1992 by trying out the Feedback and Appraisal System in our A310
and DC-10 Divisions. To introduce the system to all the pilots and flight engineers of these two
divisions, we developed a special Type Recurrent program.

Instead of studying parts of the AOM at home, the crew was asked to read the information
about the feedback and appraisal system.

In the briefing there was one hour to show a 15 minute video about FAS, to do a short exercise
on non-technical behaviour and to discuss questions on this subject. The simulator session
was a real LOFT session. And during the debriefing, the non-technical performance of the crew
was discussed according to the new system.

To prepare our instructors we made sure that every instructor went to an advanced instruction
training in which they learned how to use the feedback and appraisal system and in which a
refresher of instruction techniques took place. An instructor was not allowed to give the Type
Recurrent as long as he had not taken the course.

Close contact with chief instructors and especially the Planning and Scheduling Department
was very important.

In our instructor training we teach the instructors to use the feedback and appraisal systemin a
very practical way. We use cases, video-analyses and debriefing roleplays. But first of all we let
them think about the meaning of the main categories for themselves.
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For instance, what do you think that the category INFORMATION MANAGEMENT means?
In the discussion that follows things come up like: getting information, using resources, deciding
on priorities, planning, taking decisions, updating plans, structuring information.
After this, we looked at the definitions used in the system. The subcategories of INFORMATION .
MANAGEMENT are: - Information analysis
- Planning and Anticipation
- Decisiveness
With for instance behavioural components of information analysis as:
- actively and systematically searching for relevant information .
- using available resources
- involving proposals and suggestions of others
- classifying information into main issues and side issues / cause and effect
- penetrating to the heart of a matter
- keeping an overview by continuously comparing new information to the actual information

The instructors had to conclude for themselves that the definitions matched their own thoughts,
that the Feedback and Appraisal System really deals with their work and is in fact not something
completely new but just an agreement on the terminology used when talking about non-
technical performance. In short: that it is a tool for them to make their job easier.

3. First results of the try-out of the Feedback and Appraisal System in KLM's A310 and
DC-10 division.

What are the results of the try-out of the Feedback and Appraisal System in our A310 and DC-

10 division so far.

The main questions were:

- Will the system be accepted by instructors as well as pilots and flight engiheers?

- Is the feedback and appraisal system really a helpful tool to assist instructors in coaching
crew membaers in their non-technical performance?

and

- Is the system complete, are parts missing or superfluous?
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To get information to answer these questions, we asked instructors and crews to fill out a
questionnaire after every Type Recurrent. In the period July to Decembeér this resulted in a total
of 118 instructor questionnaires (a response of 99%) and 194 questionnaires from pilots and
flight engineers (a response of 87%). | '

Some results:
What categories are used during the debriefing?:

Figure 3: What categories are used during the debriefing?

Instructors:

Procedure Orientaticn
Assertveness

Exercise of self criticism
Sense of Responsibility
Service Ornentation

Image

Information Management
Planning & Anticipation
Cecisiveness

Task Onented Leadership
People Oriented Leadership
Stress Management
Working with others
Aftentiveness

Pilots / Flight Engineers

Procedure Onentation
Assertiveness

Exercise of self criticism
Sense of Responsibility
Senvice Crientation
Image

information Management
Planning & Anticipation
Decisiveness

Task Oriented Leadership
Pecple Oriented Leadership
Stress Management
Working with others
Attentiveness
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The responses of the instructors and pilots / flight engineers were more or less the same as.
expected. All categories were used but the 5 most used categories were;
- procedure orientation .

- assertiveness

- information analyses

- planning and antitipation

- and task oriented leadership

and the 5 categories used less:

- exercise of selfcriticism

- sense of responsibility

. service orientation

- image

- and attentiveness.

The explanation can be found in the fact that the 5 less used categories are categories which
are more visible during normal line operation and not during a simulator session. This contrasts
with the 5 most used categories which are necessary skills to solve abnormals or emergencies
trained during simulator LOFT training. |

Other questions concerned the quality of the debriefing.

For the instructor:

- Were you able to discuss the items you wanted to debrief?
- and Was FAS a useful tool in this?

Figure 4:
Where you able to discuss the items you wanted to debrief?

45 44

poorly . excellent
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Figure 4 (contd.)
Was FAS a useful tool?

not at all excellent

47% of the instructors were able to discuss the items they wanted to in a positive to excellent
way. 45% were neutral, which means that there was no difference with the past.

Over 50% was convinced that FAS was a very good tool to help them. 41% were neutral.
Further research showed that the main reason for thein" neutrality was a lack of experience with
FAS.

Concerning this subject we asked the pilots/ flight engineers:
- If the debriefing was clearer because of the use of FAS?
- and if the use of FAS helped them to gain more insight into their perfformance?

Figure 5:
Was the debriefing clearer because of the use of FAS? (1%: no opinion)

39

not at all certainly

Did the use of FAS helped you to gain more insight into your performance?
(1%: no opinion)

not at all i} certainly
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Over 60% of the pilots and flight engineers were of the opinion that the debriefing was more
clear because of the use of FAS, 28% was neutral. And almost 70% found that FAS was a
good to excellent tool for giving them more insight into their performance.

During the try-out of the Feedback and Appraisal System, we stimulated instructors to use
video during the debriefing. 93% of the instructors did so and the pilots and flight engineers
were very enthusiastic. 87% were of the opinion that it was very useful.

Figure 6:
To Pilots / Flight Engineers:
What is your opinion about the use of video during the debriefing?

59

very
useful

useless

To check the acceptance of the System, we asked the instructors:

- What is your opinion about the use of the FAS as a tool to debrief non-technical skills?
and the pilots and flight engineers:

- If they would recommend the FAS to other colleagues?

Figure 2
Instructors:
What is your opinion about the use of FAS as a tool to debrief non-technical skifls?

44
38

negative
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Figure 7 (contd.):
Pilots / Flight Engineers:
Would you recommend the FAS to other colleagues? (3%: no opinion)

40

a9% of the instructors were neutral to very positive toward the use of FAS as a tool. And 71%
of the pilots and flight engineers would strongly recommend it to other colleagues, 20% were

neutral.

Although these figures are rough indications, they show a clear trend that we are on the right
track.

At KLM we have already concluded that the try-out of the Feedback and Appraisal System is a
succes, even though the try-out runs to July this year. And we have decided to start
implementing the system in our other divisions.

To come back to our main questions:
- Will the system be accepted by instructors as well as pilots and flight engineers?
The answer for the A310 and DC-10 division is YES.

- Is the feedback and appraisal system really a helpful tool to assist instructors in coaching
the non-technical performance of crew members?

The answer again is YES. But experiences of the last few months show that coaching the

instructors is very important until the use of the Feedback and Appraisal System has become

second nature.

- Is the system complete, are parts missing or superfluous?

We have the idea that, although more research is necessary especially during route training,
that YES, the system is complete. Some categories are more useful during route instruction on
normal flights while others are more importani during simulator training.
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But what about assessment?

Can the feedback and appraisal system be used to assess non-technical behaviour?

At KLM we think we are on the right tArack. We believe thét we have now developed a very
strong tool in training and coaching crews in a structured way. And most impdnant of all, the
try-out proves that the system is acceptable. If you want a system to assess non-technical skills
then acceptance is an essential condition.

We are convinced that when instructors and crews are used to work with it in training
situations, the Feedback and Appraisal System is a strong basis on which non-technical

behaviour can be assessed.

Thank you for your attention.
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DEVELOPMENT OF HUMAN FACTORS SKILLS
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I. Introduction

In accordance with numerous aviation safety reports, more than

‘two-thirds of world aviation accidents in the past were caused by human

factor errors,

Therefore, we can not improve aviation safety and reduce aviation
accidents effectively without efforts to reduce human factor errors,

Various definitions have been employed in attempts to describe the
subject matter of Human factor, One such definition is referred here:

Human factors (or ergonomics) may be defined as the technology concerned
to optimize the relationships between people and their activities by the
systematic application of the human sciences, integrated within the
framework of system engineering.

(Elwyn Edwards:1988)

Vhile quite number of reseaches and analyses on the subject of human
factor and flight safety have been presented so far,

very few studies have been made in the East Asian countries including
Korea.

The paper briefs the major aviation accidents and their causes during
the last 35 years in Korea. The paper discusses the present status of
human factors training for operational personnel to improve flight safety
by two flag carriers, Korean Air and Asiana, The paper particularly
studies whether there should be any different human factors training
because of different cultural norms (Oriental culture : Confucianism vs.
Western culture : Christianism),

Finally, the paper presents summary of findings and suggestion to
develop human factors training in future not only for Korean air
transport industry but other countries if applicable.

The study is based on the data from Korean Civil Aviation Bureau
(KCAB), the Ministry of Transportation, Korean Air and Asiana Airlines
and tentatively verified through the interviews with about 50 officials,
instructors, inspectors, pilots and professors who are concerned with
flight safety from -KCAB, Korean Air, Asiana and Hankuk Aviation
University.

II. Review of Past Aviation Accidents in Korea
Total Number of aviation accidents in Korea during the last 35 years

are 156 and resulted deaths of 543 persons, Periodical breakdown of the
accidents are as follows.
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Table 1. Periodical Breakdown of Aviation Accidents
Classification off Accidents .
Period substantial | significant Nunber
hull losses ' total of death
damage event

1950s .

(56-59) 2 - 1 3 -
1960s

(60-69) 3 7 28 38 12
1970s

(70-79) 5. 5 36 46 15
1980s : .
(80-89) 14 13(2) 34 61 514
1990 1 - 7 8 2
Total 25 25 106 ‘ 156 543

(Source : Korean Ministry of Transportation)
note 1) Including two case of explosion.in the air
by KE007 on Sep. 1983 and KE858 on Nov.29.1987)

If we analyze above accidents in accordance with the stages of flight,
substantial number of accidents are occurred during the stage of landing,.
Other details are as follows,

Table 2. Analysis of Accidents per Stages of Flight

: Stages of Flight
i Number of . . :
Period ) Take off Cruise Landing Ground Remarks
Accidents
1950s one.cass of
(56-59) 3 - 2 1 - cruise is
. ) hi jacking
: one case of
1960s : . ]
(60-69) 38 -3 5 20 10. , ?rue?e is hi
- : . : . jacking
one case of
1970s 46 7 9 1 19 | cruise is
{70-79) - : . c e
hi jacking
) two cases of
»19805 61 6 21 27 7 cruise ‘were
(80-89) . . .
. exploded in air
1990 8 - 1 3 4
Total 156 16 - | 38 62 40

(Source : Korean Ministry of Transportation)

If we analyze the accidents by causes, major causes of accident are
human factors such as pilots and maintenance persons like the examples of
other countries of world total. The detail breakdown are as follows.
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Table 3. Aviation Accidents per Causes
Causes of accidents
. Nunber of - ST T
Period : ) maintenance | . hijacking
accidents | Pilots aircraft
& others & others
1950s
(56-59) 3 2 - ‘
1960s '
(60-69) 38 23 8 4 3
1970s
(70-79) 46 14 21 8 3
1980s
(80-89) 61 44 13 2 _ 2
1990 8 5 2 1 ; -
Total 156 88 44 15 9

(Source : Korean Ministry of Transportation)

‘Aviation accidents were increased periodically : 38 in 1960s, 46 in
1976s and 61 in 1980s. However, if we consider the increased number of
aircrafts and flying hours in 1980s, accident rates were decreased.

Table 4. Aviation Acidents and Flying Hours
Period Aircrafts(as of the end | Flying hours(as of the| Number of
of each decade) end of each decade) | accidents
1960s 63 28,000 38
1970s 95 99, 000 46
1980s 167 186, 000 61

(Source : Korean Ministry of Transportation)

Based on data of accidents per stages of flight, 78 of total 156
accidents were occurred during the stages of take-off and landing which
is equivalent about 50% of total accidents.

According to the above review of accidents, to reduce human errors,
Korean Ministry of Transportation recommended- flag carriers to introduce
new education systems and to apply them in training flight crews such as
CRM(Cockpit Resource Management)and LOFT(Line Oriented Flight Training).
These education systems are characterized as crew interaction, human
redundancy, situational awareness, active monitoring, improvement of
associated skills, And also working procedures of maintenance personnels
should be carefully applied in accordance with the maintenance manuals
and bulletins. Effective cooperations and communications between flight
crews and air traffic controllers are absolutely required and so
institutionally supported, In the long run, government and industry
management should pay keen attentions to train sufficient pilots and.
other aviation specialists, '
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. Present efforts to develop human factors skills and
attitude relevant to flight safety of professional
operational personnel in Korean air transport industry

To reduce human factor errors, various measures including CRM seminar,
LOFT, lectures and regular meetings of instructors and etc, are presently
undertaken by two Korean flag carriers, Korean Air and Asiana (started 5
years ago).

In this section, Korean Air CRM training program is introduced with the
summary of their report as the most successful and representative model
in Korean air transport industry,

1. Foreword

Korea Air has conducted cockpit resource management seminar for their
flight crews for the purpose of minimizing the possibility of aircraft
accidents. The seminar contributed greatly to minimizing the possibility
of aircraft accidents caused by human error, therby achieving greater
safety in flight operations,

This CRM seminar program was originally developed by United Airlines
and Scientific Methods, Inc, and applied to Korean Air,

2. Main discourse
1). The composition of this program and background

As sound aircraft operation is the process of working effectively with

and through people to achieve high quality performance, the participants
in this seminar learn to work as a team in order to study performance,
. This requires that members learn to contribute and commit themselves to
achieving as much as they are capable of doing. CRM seminars promote
learning and development and deal with several tasks which provide
participants the opportunity to learn leadership concepts and styles. The
period of each seminar is 4 days, This study is the result of 288
participants who completed the seminar course,

2). The concept of grid style and classification

The grid is a frame of reference providing a basis for understanding
differences between people and a means of comprehending how and why
individuals behave as they do in the performance of their jobs.

There are two basic dimensions in the framework : concern for
performance, and concern for people,
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High

Concern

for

people

Low

There are 5 styles relating to the management of performance and people
» The 1.1, 1.9, 9.1, 5.5, and 9.9 styles, The characteristics of each

Table 5. Frame of Grid Style

1.9
9.9

Work accomplishment is form
commi tted people in pursuit
of a common purpose based

on relationships of trust and
respect

Emphasis on needs of people
for satisfying relationships
leads to a comfortable and
friendly atmosphere and work
tempo.

5.5

The necesslty of accomplishing the
task properly is balanced

with maintaintng morale at an
acceptable level.

Minimun effort is expended Efficiency of operation is a

to accomplish task. result of controlling conditions
so that the human element
1.1 interferes to a minimum degree.
9.1
1 2 3 4 5 6 7 8 9
Low Concern for Performance High

(Source : Korean Air)

grid style is described above,

3). Task Objectives in the seminars and their results

(1) Analysis of personal grid styles

The goal of this task is to use the grid as a framework in assisting
~each person to gain insight into personal behavior which can influence

effectiveness as a crewmember. The resusts were as follows
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Table 6. Comparison of Grid Style
between Pre-Seminar and Post-Seminar

UNIT: %
~ GRID STYLE
9.9 9.1 5.5 1.9 1.1
PRE-SEMINAR 73 4 14 6 3
POST-SEMINAR 28 23 - 33 14 2

(Source : Korean Air)

This figure indicates that the majority(73%) of the participants
belived themselves to be 9.9 style before the seminar. But after the
seminar, only 28% of the participants evaulated themselves as 9.9 style,

(2) A comparison study of performance values,
The goal of this task is to reexamine the performance values they
hold now and compare them with the values they held prior to the seminar,
Before the seminar, 78% of the participants belived that they should
manage their cockpit in 9.9 style. But after the seminar, the percentage
shifted up to 90%.

(3) Perception of a gap

We can chart a comparision of the results,
Table 7. Perception of Gap between Pre-Seminar and Post-Seminar

-_-;—__Ff_d__A_’#;____#___ﬂ__-e--—**f——'*"___*F'___ﬂﬂ-____ﬁ 0%
78% '

73% PERFORMANCE VALUE

GRID STYLE

PRE-SEMINAR POST-SEMINAR

They found the results to be significant. As you can see, the 9.9
performance values shift upward (78% — 90%) : Further away from what the
flight crews consider to be their own behavior. This "TWO-WAY” shift
indicates a greater perception of the gap between current style and
desired performance value, And thus, a greater readiness to the

implications of the results and begin moving behavior toward desired
performance, '
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3. Evaluation

Flight crew effectiveness increases through greater teamwork and
cooperation, The Korean Air experience.with CRM seminars demonstrates
that participants increase their self-awareness of current behavioral
style compared to desired performance.lt is this awareness that leads to
changes in behavior, and thus, increased flight crew effectiveness. The
goal of increasing flight safety by reducing human error is thereby
achieved,

The participants evaluatlon of this seminar was expressed as " FULLY
REWARDING .

Korean Air has conducted 40 times of this CRM training course since
December 1986 and completéd for 750 crew members which is equivalant
about 90% of total crew members. Korean Air has aleady started Line
Oriented Flight Training(LOFT) through regular simulator training for
those who completed the above CRM training from July 1992.

Asiana as the newly established airline has not started the CRM
training and LOFT yet but is strongly suggested to follow the above Korea
Air’s program and practice in near future,

IV. Particular considerations to be given in human factor
training in the Oriental culture society
(influenced by Confucianism)

Confucianism is a philosophy based on the ideas of the Chinese
philosopher Confucius. It originated about 500 B.C. From the 100’s B.C.
to the A.D. 1990’s, Confucianism was the most important single force in
Chinese life and also the lives of nearby countries(such as Korea, Japan
and Vietnam). v :

It influenced their education, government, and attitudes toward correct
personal behavior and the individuals’ duty to society, Confucianism can
more accurately be considered a guide to morality and good government,

Confucius believed his society could be saved if it emphasized
sincerety in personal and public conduct; Confucius defined a gentleman
not as a person of noble birth but as one of good moral character,

A gentleman was truly reverent in worship and sincerely respected his
father and his ruler. He was expected to think for himself, guided by
definite rulers of conduct. ‘

Confucius believed that when gentleman were rulers, their moral example
would inspire those beneath them to lead good lives., Virtuous behavior by
rulers, he declared, had a greater effect in governing than did laws and
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codes of punishment,

' Like thus, Confucianism emphasized sincerety in personal and public:

conduct, a gentleman of good moral character, respect to his father and
his rulers,and particularly virtuous behavlor by rulers rather 'than the
laws and codes of punishment.

Then the question is what are the particular considerations to be given
in human factor training in these Oriental culture society and if it is
necessary.

A tentative finding is that we have to consider some particular -factors
in human factor training in these different culture society.

Through the interviews with the representative officials, professors,
instructors, inspectors and pilots who are concerned in flight safety,
the major common factors to be given particular considerations in human
factor training are as follows.

First, Leadership, morality and quality of captain as crew team leader
(ruler) is required, '

Second, Team work and coordination among cockpit crew members are to
be stressed. ( Particularly for those with long military j
background)

Third, Personal relationship among cockpit crew members (based on
education, training background, military experience : airforce,
navy or military, native region, nationality, religion and

" etc.) is still one of important factors. The more homogeneous
background of cockpit crew members gives the more positive
effect in flight safety than the relatively heterogeneous
background of cockpit crew members,

Fourth, Duty,responsibility and royalty to the organization of crew
members are to be stressed.

Fifth, Understanding, cooperation and assistance of management and
other departments for the promotion of fllght safety are
absolutely necessary.

Sixth, Flight accident investigation should be done primarily for the
prevention of further accident and for the promotion of the
flight safety rather than for the punishment of flight crews,
Otherwise flight crews may not report full details of their
errors or failures to protect themselves and it may result
another accident,

The preliminary research demonstrates as follows ;

(1) human factors (of personal and morale character) are stronger in the
Oriental society of -Confucianism than in the Western society of
Christianism, ;

(2) The qualification of captain as team leader is the most imporant
factor contributing to flight safety,

(3) To improve effective teamwork and coordination of cockpit crews
which is also important factor -in flight safety, personal relationship
among crew members based on educational background (schools), military
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experiences, native places, seniority and etc, should be also carefully
considered, ' '

(4) Understanding, positive cooperation and assistance of the managemant
for the promotion of flight safety are very important and absolutely
necessary.

V. Conclusion

This section presents summary of discussions and suggestions for future

" development of human factors training and promotion of flight safety in

Korea.,

In accordance with the review of the past accidents in Korea, major
causes of accidents are human factors such as pilots and maintenance
persons like the examples of other countries, and about 50% of total
accidents were occurred during the stages of take-off and landing.
Therefore, to reduce human errors, it is necessary to develop human

~factors skills and professional attitude of operationl personnel in

Korean air transport industry,

To reduce human factor errors, two Korean flag carriers, Korean Air and
Asiana, perform various measures including CRM seminar, LOFT, lectures,
regular meetings of instructors and etc. Korean Air CRM training program
is the most successful model in Korean air transport industry, As1ana as
the young airline is suggested to apply this model.

Regarding the question whether particular considerations to be given in
human factor training in these Oriental culture society, a tentative
finding is that we have to consider some particular factors in human
factor training in Korea as one of Orient culture society. However, this
proposition and finding should be studied and tested further not only in
Korea but in other Oriental society of Confucianism such as China, Japan
and Vietnam, ’

In addition, government and industry management should pay keen
attention and cooperate to train sufficient pilots and other aviation
specialists in future, Effective cooperation and communication between
flight crews and air traffic controllers also are absolutely required.

To prevent accidents caused by environmental factors, Korean government
has to modernize airport facilities (including microwave landing system :
MLS) up to the level of category II and category I and be well prepared
with emergency procedures against bad weather (such as wind shear). In
this sense, it is proper and urgently necessary for Korean government to
build New Seoul Metropolitan Alrport which is completed around the end of
1997,

Finally, they have to establish new permanent organization of aviation
accidents investigation committee within the Ministry of Transportation
with full-time experts and 1nvest1gators to promote safety and prevent

accidents in advance,
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The committee members are to be composed of exports in aviation
accidents investigation from the govermenrt, academic institution,
industry, The committee also will study and introduce system and
procedures of other advanced countries in civil aviation. In general,
Korean government organization in civil aviation is needed to be promoted
and enlarged to manage effectively and to cope with ever increasing
demand and volume of domestic and international air transportation.
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T - General

For Airbus Industrie and Aeroformation, since the beginning of the launching
of the first Airbus, the paramount idea has been to obtain the best safety.

To do so, we have obviously used all the tools given by the technology, and
also from the first transition courses given in 1972 with the first Airbus A300,

- we tried to integrate as much as possible, the Human Factors aspects within the

technical ones.

In this context we decided to do again better in 1990, and to introduce in our
transition courses, a Crew Resource Management module.

Our CRM course is named AIM, Aircrew Integrated Management, as it is
fully integrated within the technical training of the transition course for crew
members, throughout the five weeks they spend in our center.

In this paper, we will describe :

- the evolution of our concepts of Human factors throughout the years

- the process of implementation of this course, that has been a joint effort
between Flight Safety International and Aeroformation
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- the content of the course

- the feedback from the trainees and the impact of AIM on the results at the
end of the transition course

- the analysis of the survey conducted with the help of the University of Texas
(CMAQ = Cockpit Management Attitude Questionnaire)

- the projects of extension of AIM to the other categories of trainees.

2 - Human Factors in Aerofortnation's transition courses

As we said previously, even before the implementation of our A.I.M. course,
the Human Factors aspects .and the cockpit resource management concepts,
were taken in account in all our flight crew transition courses.

First, in the general philosophy of this course, explained to trainees in the
Flight Crew Training Manual, F.C.T.M., we can read that "since crew
members are bound to work together in an aircraft, the crew is considered as a
unit as far as training in procedures an aircraft handling is concerned."”

Then before trainees begin to learn the details of the systems they are provided
with general information (concept, philosophy) regarding the fly by wire, the
F.M.G.S., the E.C.A.M., and a chapter is specially devoted to the two crew
member philosophy. In this chapter we can note the following points, very
important in the cockpit resource management training :

- two crew member operations imply :

. crew communication : reduction of non pertinent calls, use of
standard phraseology, ability to be brief
and succinct, good cockpit resource
management '

crew coordination : strict adherence to procedures (normal,
abnormal, emergency) ; any deviation from
these procedures should be avoided. If a
deviation is thought to be needed due to
special circumstances, this must be
announced in advance; If time permits, a
specific briefing must be made so that both
pilots are aware of what is planned.

. cross check : each pilot must know the intentions of the other

. discipline : procedures and task sharing as defined in the official
documents must be strictly followed
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- the application of these principles to normal-abnormal/emergency procedures
is then emphasized, for instance :

. normal procedures : selections and actions made by one pilot are always
: checked by the other pilot independently of their
P.F. or P.N.F. role at the mament.
the autopilot must never-be considered as a pilot at
all times basic flight parameters must be monitored
by the P.F.

Examples are given.
. abnormal/emergency procedures : do not rush |
correct identification of failure by the crew
request for appropriate E.C.A.M. actions or paper check list

no irreversible action must be accomplished without a positive
cross check and approval by both pilots

- the Captain will decide who will be the P.F. for the subsequent
anormal/emergency procedure. He must clearly inform the First Officer of
his decision by saying "I have control" or "you have control". If he says
"you have control" he must immediately give also instructions concerning
the desired flight path.

- throughout the Fixed Base Simulator (F.B.S.) and Full Flight Simulator
(F.F.S.) sessions, the instructors check that trainees apply these concepts,
and moreover in certain exercices like precision approaches (Cat II and Cat
IIT), they check that the process of challenge-response very clearly and
precisely written in the procedures, is strictly respected.

3 - Implementation of AIM

. AIM design process

The AIM program was designed through a cooperative effort between
Aeroformation and FlightSafety International. Each brought important and
unique experience to the process. Aeroformation contributed its broad
expertise with the A320 and other Airbus aircraft and its experience in
training Airbus flight crews. FlightSafety contributed its considerable
experience in cockpit resource management and flight crew training.

The AIM program is based on a two-day CRM workshop which has been
used successfully by FlightSafety for several years. The two-day course was
then highly modified to customize it to the specific requirements of
Aeroformation's training philosophy.
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After careful analysis, it was decided that AIM should be composed of three
distinct elements.

The first is a one-day AIM workshop. This course occurs immediately prior
to beginning A320 VACBI training. It is a highly interactive format that
relies heavily on discussion, exercises and group activity rather than lecture.
The workshop will be described in more detail shortly.

The second two elements reflect the importance of integrating human factors
considerations into the normal technical training curriculum. As a result,
five sessions in FBS-B and three sessions during FFS training include
dedicated AIM training activity.

. Facilitator training

The one-day AIM workshop is conducted by a group of twelve
Aeroformation staff. These people are called AIM facilitators, rather than
instructors, to represent the unique style of training used in an AIM
workshop. '

Facilitator training was accomplished in two distinct, but related phases.
During phase I, each facilitator participated in ten days of training allowing
them to become thoroughly familiar with the concepts and instructing
techniques used in CRM type training programs. During phase I, each
facilitator received initial CRM training and then began the process of
becoming a qualified facilitator. They also provided valuable input to the
AIM course structure which was undergoing final design.

Phase II of facilitator training accomplished final qualification as an AIM
facilitator. During this phase, each facilitator became an expert in all
elements of the Aeroformation AIM course. This phase involved sixteen
days of training which ultimately led to full qualification of each facilitator.

. Instructor training

The unique feature of AIM is the integration of human factors training with
technical training. This is accomplished during eight specific FBS-B and
FFS training sessions. Accordingly, it was necessary to train simulator and
flight instructors in AIM and their unique role in providing this training to
Aeroformation pilot trainees.

Instructor training was accomplished in two phases, similar to the fashion of
the facilitators.
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In phase I, each Aeroformation instructor received three more days of
training. This included a two-day CRM course followed by 2 briefing on the
AIM project and the instructors' role in AIM training.

Approximately four months later, each instructor received three more days
of training. This included the one-day AIM workshop followed by a special
two-day instructor course. At the session, instructors were taught how to
brief, observe, evaluate and debrief AIM performance during FBS-B and
FFS sessions. At the conclusion of the training, each instructor was able to
demonstrate their ability to use this matenial in training.

. Design process : Summary

The AIM design program began in July, 1990 with the final course being
delivered in January 1991. In January thru March, 1991, all Aeroformation
instructors were trained and the customer training began in April 1991.
AIM training at the Airbus Training Center in Miami began in October,
1991. :

4 - Content of AIM course

4.1 General

As we said previously the program designed to be fully integrated into the
Airbus transition training program includes a one day workshop followed by
emphasis an AIM techniques during FBS and FFS training.

Several concepts are studied, but as we think that an effective cockpit
management results in a high level of flight crew situational awareness, this
concept is the key theme of AIM.

But we don't want just to give theoretical concepts and AIM is designed to
be a practical training, focused on skills and tools that can be used in the
cockpit, so all the ideas learned will be applied by the trainees during the
simulator session.

4.2 One day workshop

This workshop features short lectures, many facilitators and participants-led
discussions, problem solving exercises, case studies of actual accidents, and
a series of three constructive videos to illustrate Human Factors behaviour
taught during the workshop. This workshop is a very dynamic, ever
expanding program for both the participants and the facilitators.
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The studied concepts are :

- Situational Awareness (lecture, Slides)
- Error chain ' (Idem)

- Error chain (Exercise)

- Communication (Idem)

- Communication skills (lecture)

- Barriers to communicate (Exercise)

- Synergy and crew concept (Lecture)

- Synergy (Exercise)

- Accident case studies Exercise, video)
- Cockpit behavior (3 parts video)

Before the workshop begins, the trainees are asked to fill a survey related to
a NASA/University of Texas study, about cockpit behavior (CMAQ :
Cockpit Management Attitude Questionnaire). The same questionnaire is
filled at the end of the transition course, at FFS6, so that it is possible to
measure the change in behavior due to this training. This study is a
worlwide one, and U.T. provides us with our own results compared to
chose of the rest of the aeronautical community. It is a powerful tool to
1IMprove our course.

A summary of the first results of this survey is given in chapter 6.

At the end of the day facilitators make a summary of the day and receive the
comments from the trainees that are used, if necessary, to modify and
improve our course through the annual revisions.

4.3 Simulator sessions

During 5 FBS and 3 FFS sessions, the simulator instructors, that have also
been specially trained for that, reinforce some of the concept studied in the
workshop and introduce other ones :

Reinforcement : Situational awareness/Error chain
Communication
Synergy and crew concept

New : Workload management/Task sharing
Briefings
Reliance on automation
Decision making (plus an exercise)
Stress

The concepts are developed in the briefing, and at the debriefing the
instructor makes comments about the behavior of the crew during the
session, related to this concept or to any AIM subject.
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In our AIRBUS FFS are video camera allowing to record some parts of the
session, and all the briefing rooms are equipped with video feeback system ;
so the trainees may have a self debniefing of what they done.

This equipment is only used with the agreement of the crew and at the end
of the debriefing the tape is erased in front of them.

At the end of FBS/14 the trainees are asked to fill a situational awareness
plan, that they will try to implement during the FFS sessions.

At the end of FFS 6 they fill the CMAQ questionnaire, plus a short one
precisely directed to AIM, rating the value of the different lectures and
exercises, so that'we can have a tool to improve our course.

4.4 Documentation

The trainees are provided with a complete documentation :
- AIM trainee guide ;

In this guide they find copies of all the flip charts and slides presented
during the workshop, and of the flip charts used during the simulator
sessions. They have room to put all the handouts given at the welcome or
during the workshop.

- Practical cockpit management

In this book they find a summary of all the different studied concepts,
articles from aeronautical reviews and extracts of communications in
various seminars, related to these concepts.

- AIM check list

The trainees are provided with a2 Human Factors check list, Jeppesen size,
that summarizes the main concepts of AIM, and that they can use in their
cockpit if they wish. '

This check list enlarged as a poster, is on the walls of each briefing room.

5 - Impact of AIM

5.1 At the last FFS session (FFS 6, just before the evaluation at FFS 7) trainees

respond to a survey of 21 questions, allowing us to know what they think of
the course and of the various items that form it.

The result of this survey keeps evolving, as each week we add data from a
course of 10 pilots.

Up to now the main results are very good and very encouraging.
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' For instance at the question "Overall, how useful did you find this training"

e

5.3

(one day workshop plus simulator briefings), nobody responds "waste of
time" or “slightly useful”, only 5.3 % respond "somewhat useful”, and 57.9
% respond "very useful”, and 36.8 % respond "extremely useful".)

The average rating of the items of the one day workshop and of the
briefings during simulator sessions, is also very good, with often a better
rating for the second than for the first ones. That shows that the idea to
divide the course in two parts, and to use the simulator sessions to review
concepts or introduce new ones, was a good one.

The results are 'as follows, with first the percentage for the one day
workshop, and second the percentage for the briefings sessions :

Waste of time 1 | 0,8
Slightly useful 1.3 1,6
Somewhat useful 30,3 19,2
Very useful 38 46,4
Extremely useful 23 32

When we compare all these results to those of other CRM courses existing
all around the world (by reading press articles or communications made in
symposiums or seminars), we understand that our course is very well
received by our trainees and highly rated by them.

For instance, in a communication of the ICAQO seminar of Leningrad in
April 1990, we note that for the question "Overall how useful did you find
this training" for two airlines there was 2 % "“waste of time", 5 % "slightly
useful”, 25 % "somewhat useful", 48 % "very useful", and 21 %
"extremely useful”, compared tousat0 -0 -5.3 - 57.9 and 36.8 %.

Our simulator instructors and training Captains really see a very positive
difference in behavior between the trainees having attended AIM and those
not having done so. There is a better communication between the crew
members, a better crew coordination, and so on, and the success at the first
check is increased. The trainees say that applying the concepts of AIM
during their training sessions is a powerful help that they appreciate very
much.

Also, a great sign of interest of our customers for this course, is that several

~airlines have asked to us to extend this course, given up to now to their

crews coming to Aeroformation, to the other pilots having been trained
before the implementation of AIM or being trained in the airline itself.
Another interesting feedback is that the pilots of the airlines having a CRM
course in house, find that AIM is very powerful as a recurrent or refresher
training.
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6 - Results of CMAQ (Cockpit Management Attitudes Questionnaire)

6.1 Aeroformation works with a team of researchers from NASA/University of

Texas, directed by professor Robert” HELMREICH and doctor John
WILHELM, on a study related to the effectiveness of all of CRM courses,
and based on the use of thee CMAQ (Cockpit Management Attitudes
Questionnaire).

The results given here are related to 44 courses, concerning 346 trainees,
going from April 1991 to April 1992.

The NASA/UT's report underlines that AIM "is a unique approach which
combines Human Factors and Technical Training into the initial and
upgrade curriculum”. Tt adds that “since integrated CRM training will
become mandatory for air carriers and training centers opting to accomplish
training under the FAA's Advanced Qualification Program, resuits obtained
from this program (AIM) will be particularly interesting”.

6.2 Generally speaking, AIM training is very well received ; the majority of our

trainees responded to the question "How useful did you find the training ?"
by choosing the "Very Useful" response. (Figure 1). The average rating of
this item is 4,05 of a possible 5, and this can be equated with a global "Very
Useful" response.

Rating of the utility of AIM for other crew members were similar to the
rating cited above (Figure 2).

6.3 On figure 3 we see that almost 75 % of our trainees choose "Agree

strongly" when asked to judge the statement "CRM training has the
potential to increase safety and crew effectiveness”.

Nevertheless we have a very small percentage (< | %) of "Disagree
strongly" ; we don't know if it is related to the well known "Boomerang
effect”, but anyway it is far less than the usual percentage of this
boomerang effect, that is of around 4 %. '

Concerning the expected change of behaviour on the flight deck, Figure 4
shows that the biggest part is devoted to a "Moderate change" ( 35 %) and
"Flight Change" ( 32 %), and this is normal for the first exposure to a
CRM course ; anyway nearly 21 % expect a "Large Change" and this is
very encouraging.

6.4 We can see on Figure 5 that a statistically significant attitude change is noted

for the "Communication and Coordination" scale, in the positive direction,
indicating improved attitudes about communication and coordination of
activities between crew members after AIM training. This can be linked-up
to the observations made by our instructors and our check-pilots (§ 5.2)



Circular/Circulaire/Lupxynsap 243-AN/I146

A-167

6.5 There is a large and statiscally significant change in attitudes taped by the
"Reliance on automation" scale (Figure 6), and this reflects a good feeling
about the airplane due to the transition course training. It is not at all an
overconfidence or overreliance on automation, as we can see on the next
figures :

- Figure 7 : "When using cockpit automation it is less important to double
check crew member inputs automation", 85 % of trainees disagree
strongly

- Figure 8 : "Increased automation reduces the need for crew
communication” 75 % of trainees disagree strongly.

- Figure 9 : "Automatic protections reduce the requirement for crew
members to monitor systems and flight status”, 80 % of trainees disagree
strongly

So, all that shows that pilots are confident in the use of the automation, but
are vigilant in its use by the application of the rules teached during their
transition training, that we could summarize by the well known concept
"Trust but verify".

7 - Extension of AIM

At the beginning, in order to fine tune it and to test its effects, AIM has only
been provided to A320 crew members in transition training, from April 1991.
In September 1992 we began to extend this training to A340 pilots, and in early
1993 we also will extend it to A310 crew members, than later to A330, A321,
A319, etc....

We are studying the feasability to implement a Human Factors course for
maintenance people, but it is a more difficult question as the background of
maintenance people varies widely from one category to the other, and as the
duration of their stay in the training center is very different from one course to
another. Anyway we work on this subject and we hope to implement such a
module, next year. '

Finally we will try also to develop a human factors module for flight attendants,
as they contribute with the technical crew, to the safety of the flight ; for
instance, for them, a very good communication and coordination with the
cockpit is of a paramount importance in case of an emergency.

Conclusion

Our AIM program is now in service for two years, and we are very happy of
the results obtained, visible through the data reduction of the questionnaires
filled by the trainees, and also through the better results in the check sessions.
This course is evolving due to the feedback and comments of trainees,
facilitators, instructors, and the Revision 1 is now implemented. We are sure

that with this program we have brought a good contribution to the level of safety -

in the Airline pilots work.
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A HUMAN FACTORS COMMITTEE
by

Captain Flemming Kirkegaard
Chairman Human Factors Committee -

Danish Civil Aviation Administration

To combat and to gain victory over human factors in aircraft accidents and incidents is like
attacking a many-headed monster. Cut off one head and it grows out again in a new shape.
Throughout the last four decades barely no reduction in the relative percentage of human factors
caused accidents in air traffic has been recorded despite much effort.

The weapon to defeat accidents caused by human factors has yet to be designed, and if -
designed yet to be recognized and understood by its potential users.
We compliment all dedicated to the task of trying to reduce human factors caused accidents, but
especially ICAO for its strong leadership in this field during the last decade.

I speak on behalf of the Danish Civil Aviation Administration (DCAA), Human Factors
Committee (HFC). A committee which is appointed by the Director Aviation Inspection Department
(Director AID) and which has 5 members.

The purpose of the HFC is to propose initiatives for the DCAA to reduce and prevent aircraft
accidents caused by human factors. Initiatives which in a clear manner can be communicated to all
involved. It is our belief, that a strong interplay between regulatory agencies and operators is
required. We believe in the necessity to influence topmanagement to recognize human factors as a
major target in the accident prevention efforts.

Sharing our experience

There are two reasons for our wish to present a paper at this symposium,
One reason is to inform the audience of the DCAA, HFC which we believe could be a model for
smaller states. We have found our set-up encouraging. The other reason is to present an example of
our work. An example which we feel quite strongly about and the conclusions of which we are
assured will constitute a strong defence against the most often recorded cause factor in aircraft
accidents: Deviation from Standard Operating Procedures (SOP). We have a very strong wish to share
our experience with you and we hope that this experience somehow will be beneficial to the aviation
society.

Aviation in Denmark
The flagcarrier in Denmark is Scandinavian Airlines System, SAS, a major international

airline which also has Norway and Sweden as shareholders. In addition there are three major
charteroperators, a number of commuters and general aviation companies. The total number of
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aircraft movements at Danish airports, including Greenland and the Faroe Islands amounts to 640.000
a year (1991). All operators perform flight safety work either through specialized functions or through
appointed individuals. At higher levels the DCAA and the Aircraft Accident Investigation Board carry
out flight safety work in the traditional manner.

No operator has a specialized human factors function as such or anyone specifically assigned
to this area. :

Civil Aviation Authorities and Human Factors
A few words on history.

A number of years ago the DCAA realized that it might be beneficial to look at flight safety
more specifically than through regulations alone.
The DCAA therefore established a HFC drawmg upon the expertise of persons from various parts of
the aviation industry.

Through some years this HFC discussed a wide variety of subjects, but only in a few cases
provided advice to the DCAA.

Generally the conclusions on a given subject were in those days insufficiently structured. An
important reason for not fulfilling its own ambitions was that the HFC had the opinion that all
conclusions had to be extensively documented and anchored in the existing regulations instead of
simply being well argumented. This opinion sealed off the HFC from the outside world.

Thus the work of the HFC went more or less unnoticed. Despite this the members still
maintained a fairly high spirit.

The Human Factors Committee of Today

It is a wellknown fact that the right crewcomposition is of paramount importance to mission
effectiveness. And that teamwork is to pull in the same direction. And at the same time.

This was very clearly demonstrated approximately 4 years ago when the HFC was reformed
and at the same time an additional new member was appointed. This caused an immediate and
remarkable effect on the performance and the quality of the output from the HFC. More or less
simultaneously a new Director AID was appointed. This director immediately realized the potential of

the HFC. He showed interest in the work of the committee. What better motivation factor can be
found?

The synergy effect was very strong.
The HFC really took off!
Composition of the Human Factors Committee
The HF:C of today is composed of the following members:

- A captain representing the flight operations managers
of all scheduled/nonscheduled operators in Denmark.



Circular/Circulaire/Lupxynsp 243-AN/146 A-173

- A captain representing all pilot union organisations in Denmark.

- A senior aviation psychologist.

- A highranking administrator from the DCAA. i

- The Head of the independant National Aircraft Accident Investigation Board.

No status is demonstrated in the sequencing. Everybody is of equal voice.

The operational expertise of the HFC is encompassing.

It has been demonstrated that the composition of the HFC is wise. Together the knowledge-
bank of the members covers most of the aviation fields. They have at their disposal in the DCAA the
required expertise in the field of aviation medicine.

The traditional, in Scandinavia at least, scepticism between the employer and the employee,
has never been an issue as both parties are represented and are locked together in a common interest.

The HFC is advisor to the Director AID.

It is very important to emphasize that the HFC has an advisory role only and no authority
except where specifically given by the Director AID.

Terms of Reference

1. To stay informed and in touch with developments and trends in the human
factors fields in aviation. ‘

2. To advice the Director AID on any issue in the human factors field which has
or might have a bearing on flight safety.

3. To give priority to tasks concluded and to forward recommendation for

action to the Director AID.
4, To conclude tasks appointed by the Director AID.

Authority
1. To select subjects by own choice.
2. To discuss any human factors related subject brought to the attention of the
committee from outside- or inside sources.
3. To request assistance from specialists/experts. '
4. To suggest formation of working groups to handle special tasks.

The HFC chooses its own chairman who decides upon frequency of the meetings. These take
place approximately every 6-8 weeks and if required at shorter intervals.

Policy

To ensure that human factors are implemented in accident prevention
efforts.
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Standard

To forward to the Director AID conclusions which are concise, based upon facts, balanced
and well argumented. ‘ '

Major tasks concluded within the last 4 years:

- Advice on compulsory retirement age for airline pilots.

- Information folder on jet lag for aircrew (5000 copies)

- Analysis on the flightsafety effects/aftereffects of industrial disputes.

- Standard Operating Procedures.

- Structured guidance material to flying schools on the teaching of human
performance and limitations. _'

- Policy on recertification of alcoholic flight crew members.

The last four years have to us demonstrated, once again, that it takes the right kind of
persons, the right kind of organization and timing to breed success.

Success cannot be achieved unless you have the energy to reach the objective. All present
members of the HFC have surely had that. Emphasizing this is the fact that all members are working
on a voluntarily basis and without pay. Two members have so far been appointed for 15 years, one
for 8 and two for 4 years. This demonstrates a strong motivation for the task.

An Example of Our Work
As mentioned the HFC would like to share with you the experience of one of our initiatives.

When speaking of our subject the interplay between the training- and the operational field is
of paramount importance for flight safety.

The initiative is meant to be a strong defence against the most often recorded causefactor in
aircraft accidents. We sure hope you will agree to our conclusions. We feel confident that you will.

The industry has clearly established and documented that the most serious causefactor in
aircraft accidents is deviation from SOP’s. Boeing studies document that deviation from SOP’s is a
causefactor in approx. 35% of all human factors related aircraft accidents.

As this figure was confirmed by accident - and incident statistics in Denmark, and as a large
safety profit was to be gained by a reduction in this area we decided to analyse the SOP problem.

We will tell you in short how we came to a conclusion.
We were aware that a major cause for deviation was to be found in behavioural factors.
We knew that flight safety is based on sound policies and procedures in daily operations.
We had no reason to doubt that The DCAA approved policies and procedures applied in Denmark
basically were sound. However, working through a number of operators flight operations/aircraft
operations manuals a number of weak points nevertheless were revealed. Our studies also revealed
that SOP were to be found in a variety of publications. We now listed a number of reasons as to why
pilots might deviate from SOP. By this listing a clear picture surfaced.
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This is the list:

1) Ambiguous procedures.

2) Insufficient review of procedures.
3) Poor knowledge of procedures.
4) Poor selfdiscipline by the Pilot-in-command.

5) Indifference to procedures.
6) Complacency

7 Insufficient training of procedures.
8) Chaotic presentation of procedures.
9) Pilot-in-command a "Besser-Wisser".

10) No training of procedures.
- 11) Home made procedures.

12)  Poor quality control of procedures.

13)  Flight instructors’ application of procedures undisciplined (insufficient
knowledge). '

14) Supervisory captain’s application of procedures undisciplined (insufficient
knowledge).

15) Wrong procedures (those which then are not followed after a while).

16)  Wrong presentation/no presentation of procedures.

17) New procedures trickling down the line but not documented in FOM/AOM.

We concluded that a reduction of accidents related to deviations from SOP’s were possible by
efforts in several areas, for instance simulator training in real-time, more emphasis placed on correct
procedure application during simulator training with retraining requirement at poor performance levels
and by management periodically communicating structured information on procedure awareness.

We found af cheaper solution though. A solution which would very much strenghten SOP by
highlighting its structure and acknowledging its importance.
We concluded that a CAA enforced mandatory requirement for systemization of SOP’s for each
aircraft type could eliminate a lot of problems. By suggesting this we don’t claim to have found the
philosofer’s stone. We are convinced that most, if not all, first level carriers have systemized their
SOP’s. But we are equally convinced that a very great number of operators have their SOP’s
presented hapharzardly throughout the operators and aircraft documentation.

What we want is to provide a pilot, whoever, working for whatever operator and with
whichever level of experience with a tool easily managed by which an aircraft should be operated. We
want all SOP now to be found throughout the Flight Operation Manual and aircraft documentation to
be removed from their various chapters, collected logically and presented in ONE chapter, namely
CHAPTER ONE in the Aircraft Operation Manual.

A systemization would simplify learning, reviewing, checking, correcting, confirming,
presenting.

And so on.

We also feel assured that a systemization would throw a bridge across to crewmembers having
difficulties with SOP in daily operation. The tyrannical captain would have a harder time trying to
enforce his own homemade procedures when company SOP are stated clearly, unambiguously and are
easily found in one place.
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The nonassertive co-pilot would have strong weapon to use against the tyrannical captain by
simple referring to CHAPTER ONE which is easily consulted.
CHAPTER ONE is to be named "Ground and Flight Procedures” and is to consist of the following

subchapters:

Normal checklist/Expanded checklist
General:

Maneuvering, Thrust management, Braking, AFS, Navigation, Icing,
Turbulence, Stall, GPWS-procedure, Trimming.

Ground operations:

Maneuvering, Use of lights, Use of thrust, Use of brakes, Use of anti-ice
systems, De-icing, Parking, Turn circle, Aircraft ground clearence, Safety
distances (Thrust).

Take Off:

General, Flaps/slats/thrust setting, NAP, Speeds/Trim, Navigation,
Normal/abnormal T/O and climb out proc./profile, Discontinued T/O, X-wind
T/O, T/O on contaminated RW, Met.conditions affecting T/O such as
Temp./Press./Windshear, Anti-ice systems.

Climb:

Thrust setting, Speeds, Turbulence; Anti-ice systems.

Cruise:

Flight level selection, Speeds, Turbulence, Stability.

Descent:

Speed, Profile, Anti-ice systems.

Approach:

General, Maneuvering, Flap/slat setting; Speeds, Std. instrument app., CAT
II/II, Patterns, Call-outs, G/A’s on all eng./ with eng.fail., VMC app., Low
circuit patterns, Anti-ice systems, Windshear, App. with eng.fail.

Landing:

Speed, Trim, Thrust management, Braking, Normal landing, Stopping

techniques, X-wind landings, Aircraft control, Abnormal flaps/slats, Landing
with eng.fail., Overweight landing.
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The CAA regulation might be worded very brief as follows:
"An operator engaged in scheduled or non-scheduled commercial airtransport using multicrew aircraft
must for each such aircraft type operated develop and document SOP’s. SOP’s must be presented
separately and must at least include standard procedures for all normal, abnormal and emergency
procedures. It is the operators responsibility to ensure compliance with standardized application of
SOP’s."

CHAPTER ONE which we envisage as a DESIGNATOR known with time by pilots
worldwide as THE STANDARD OPERATING PROCEDURES CHAPTER would typically for a
modern technology heavy aircraft contain about 40-45 A4 pages.

Finally let me mention that in Denmark we have, in more that one case, experienced
difficulties during transition from old - to modern technology aircraft. DCAA inspections have clearly
identified insufficient structure of SOP’s as one reason.
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THE DEVELOPMENT OF HUMAN FACTORS SKILLS
AND PROFESSIONAL ATTITUDES

Capt. Hans Sypkens
Chairman, IFALPA Human Performance Committee

Good afternoon Ladies and Gentlemen,

I thank ICAO for the opportunity to address you today on behalf of IFALPA.
It is a great honour indeed to participate in such an extensive programme as the one ICAO has
undertaken in Human Factors.

Introduction

IFALPA thinks of training for Human Factors skills as being of high value. Worldwide developments
have come a long way, yet we can improve a lot. Looking at this process of development I would like
" to make some specific comments and remarks but with a word of caution.

With all the emphasis given today on various CRM training, LOFT and new developments such as
instruments for precise feedback on specific behaviour patterns in the cockpit, it is quite possible that
one loses the broad context in which solutions for the Human Factor problems are being sought.
Training in Human Factors Skills using LOFT scenarios is NOT the complete answer to the H.F.
problems but is only PART of the answer. There is some kind of paradox here. It is what I call the
training paradox, and this I will explain later,

Discussion

Ladies and Gentlemen, because the aim of this Symposium is to explore new developments in training
for Human Factors Skills of Proffesional Attitudes, allow me to explain our ideas as to how we see an
ideal integrated training in the future based on the knowledge and findings of today in this area.

Starting from scratch we would give ab-initio pilots a formal education in Human Factors, part of
which includes knowledge of aviation physiology and psychology.

Educating the ab-initio pilot during his first years of basic training in physiology is as difficult as
educating him in aerodynamics or aircraft instruments.

Educating a pilot in physiology will acquaint him or her with the physical limitations of the body. The
pilot taking an exam will find questions on such items as hypoxia, hyperventilation, spatial
disorientation, visual illusions, intoxication by tobacco, alcohol and drugs. They will also include
fatigue, body rhythms and sleep strategies.

How important is it to have knowledge of these subjects?

An example. Did you realize that you can actually suffer from mild hypoxia when flying a normal
trip of 4 or 10 hours at a cabin altitude of 8000 feet?

Did you know that this reduces your night vision and that it reduces your colour distinction ability by
up to 40%? Smoking, even passive, aggravates these effects significantly.
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This is perhaps more common to you, the visual illusion. This runway tells us we are more or less on
a normal 3 degrees glide slope.

However this is a projection of a runway with equal length but standard runway width, In fact we are
high on the approach as we take out the first runway, causing dangers of high sinkrates and/or late
touch-downs. Our senses fooled us.

Chapter 2 of the 8th edition of ICAO Annex 1 now has the compulsory requirement that pilots should
have appropriate knowledge of human performance and limitations. But how many countries have
actuaily examinations in physiology in place nowadays?

But it is important for pilots to understand their physical limitations.

It is thus important to have such mandatory examinations in place in the very near future.

What about Psychology?

Educating people in relatively easily understood subjects like aviation physiology just mentioned is
one thing but educating pilots in professional amtudes towards their job and towards other people is
quite another.

Doesn’t that belong to one’s character? Are we talking about changing one’s character?

No, we cannot change the traits of one’s character. A trait is quite a stable quality of any one person.
Even if one is willing to change one’s character, it is very hard to do so, if at all possible. It is not
necesarry either.

On the other hand we can change our behaviour. Behaviour is the way we act, the way we talk and
what we say.

Actually, we are looking for effective behavioural patterns inside and outside the cockpit. In this
respect a good pilot is aware of what his own behavior does to others.

It is possible to train people in this manner. We have seen this in the CRM Feedback and Appraisal
System presentation this morning and in Professor Helmreich’s presentation.

There are a number of Human Factor skills we should master. Realize that subjects like Decision-
making and Leadership are skills which can actually be learned.

When given proper feedback we can improve on our Professional Attitudes such as Assertiveness and
Self-Criticism as well.

IFALPA very strong believes that this kind of CRM-related training should be given from the
beginning when the pilot-to-be enters a flying school.

The motivation to these people is very high and they will virtually do and learn everything necessary
in their great desire to become a pilot. We still know this feeling from our younger years.

The bottom line is that they are more open-minded to these relatively "non-technical” issues than at
anytime later in their career. They are young, can still be moulded and absorb these things better.
This non-technical training should be fully integrated in the day-to-day training programmes so as to
develop sound attitudes.

The big advantage is the availability of sufficient time, normally a couple of years, to accomplish this.
This compares to CRM courses with the rather unfortunate duration of 3 or 4 days. Or, if you are
lucky, some more days during a second follow-up course, as is the case nowadays. The people
attending these CRM courses are already pilots, there is no essential need for them to do hard work
on these issues.
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They are already rather set in their ways, they probably even have to "unlearn” some practices. This
is a waste of energy really. -

Still following the lines of this ideal integrated training, there will be no need anymore for airline
pilots to attend to CRM courses simply because they had been well educated at flying school.

In the airline however we will by all means see Recurrent Training in Human Factors Skills.
Feedback should be given on specific behaviour and behaviour patterns:related to Human Factor
Skills and Professional Attitudes, using LOFT, video feedback etc.

The objective being in the end that all training and checks is "Human Performance Impregnated”.

But even when starting today it still takes the time of a whole career to train every pilot in this
manner. In the meantime we need Human Factors/CRM "conversion" courses as we know nowadays.

As I said before even an ideal training is only part of the answer to the Human Factors problems. The
field of Human Factors is far broader, ranging from cockpit displays and the design of controls to
organizational philosophies. All these affect the performance of the human in their own way.

Let us therefore have a look at the role of the pilot in this “Aviation System". '

If we compare the "Aviation System" with a football match, the goalkeeper represents the people on
the working floor; the mechanic, the air traffic controller, the pilot.

He has to stop all the shots at goal which result from mistakes apparently made earlier in the system.
By giving the goalkeeper more and better training, such as CRM training, he is able to stop the
results of even more mistakes. In other words we have created a "Super Keeper" and the performance
/ flight safety level will probably increase. However, if we are at the same time not improving our
defences, the mid fielders, the strategy, the organization etc. there is no use in having a very busy
"Super Keeper".

Here is the training contradiction.

The better crews are able to cope with deficiencies in the system, the less likely it is that the root
causes of these deficiencies will be dealt with.

Why? Because advanced training will show improvement in overall safety. For many people this is
proof that the problem has been adequately dealt with. They will be very reluctant to address these
deficiencies which costs effort and money.

Relying on training as an answer to a flaw in design or organization is not a good strategy.
Because of these deficiencies/latent failures, the pilots will be set up, time and time again to make
errors. One day, in a different set of circumstances they will make that fatal error in spite of
advanced (CRM) training.

This is not an argument against such programmes as CRM and LOFT. On the contrary. But it shows
that it is only Part of the answer and that we have more to-do.

Before I conclude, I would just add a few words on the present situation in Europe regarding Human
Factors skill tests. -

The Joint Aviation Authorities (JAA) regard Human Factor skills as very important. Consequently
they are proposing new requirements for Multi-crew Type ratings and ATPL skill tests. As well as
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for profchecks in the Multi-crew concept. Applicants shall be checked on issues as crew cooperation,
effective communication, setting priorities and decision making.

Summery.

We believe that CRM training should be fully integrated in the ab-initio training schedule. Recurrent
training in Human Factor skills should be ongoing. Feedback should be directed towards specific
behaviour (patterns).

We should realize that advanced training is only part of the answer. Much more effort must be
directed at solving existing deficiencies rather then trying to train them away.

To err is human. Even so, let us try to find out WHY!!
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" FULLY INTEGRATED CRM TRAINING IN
AB-INITIO TRAININGS SCHEDULES

ONGOING RECURRENT TRAINING IN
HUMAN FACTOR SKILLS AND
PROFESSIONAL ATTITUDES

FEEDBACK DIRECTED TOWARDS SPECIFIC BEHAVIOUR PATTERNS

ADVANCED TRAINING CRM/LOKT, IS
ONLY PART OF THE ANSWER TO
HUMAN FACTORS PROBLEMS
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HUMAN FACTORS AND TRAINING ISSUES IN CFIT
ACCIDENTS AND INCIDENTS

Capt. Roberto Arostegui
Vice-president, Flight Training, Aerolineas Argentinas
.and
, Capt. Daniel Maurino
Secretary, Flight Safety and Human Factors Study Group, ICAO

INTRODUCTION

A controlled flight into terrain (CFIT) accident or incident is one in which an aircraft, under
the control of the crew, is flown into terrain (or water) with no prior awareness of the impending
disaster on the part of the crew (Wiener, 1977). Statistics suggest that close to 45 per cent of aircraft
losses during the period 1979-1990 fall into this category (Flight Safety Foundation, 1992). This has
led the international community, including the International Civil Aviation Organization (ICAO), the
International Federation of Airline Pilots Associations (IFALPA), the Flight Safety Foundation (FSF)
‘and the International Air Transport Association ( ATA), to multiply its efforts to reduce CFIT
accidents and incidents. ”

Concern over CFIT occurrences was first reflected in regulations the 1970’s, after a B-727

struck a mountain during a non-precision approach to Dulles, Virginia. A premature descent was

~attributed to ambiguous pilot-controller communications and unclear information in the approach chart
(NTSB-AAR-75-16). This was one in a series of accidents in which otherwise airworthy aircraft were
flown into the surface by properly certificated flight crews. The solution was deemed to lie in the
implementation of the Ground Proximity Warning System (GPWS) requirement for large, turbine-
powered airplanes engaged in international operations (ICAO Annex 6, 1978) and its ground .
counterpart, the Minimum Safe Altitude Warning (MSAW) as a feature of the automated radar
terminal system (ARTS-3) (Loomis and Porter, 1981). Although GPWS has reduced CFIT
occurrences, it has still fallen short of fulfollingthe expectations with which it was introduced. Slatter
(1993) provides an excellent account of the shortcomings in the introduction of the GPWS as well as
operational solutions to improve GPWS effectiveness as a safety net.

During the 1980’s, efforts to find solutions to CFIT occurrences were directed at enhanced
flight crew performance. Several approach and landing accidents attributed to breakdowns in crew
coordination and discipline acted as triggers. Crew resource management (CRM) and Line-Oriented
Flight Training (LOFT) (Cooper, White and Lauber, 1979; Lauber and Foushee, 1981, Orlady and
Foushee, 1986, Wiener, Kanki and Helmreich, 1993), emphasizing the need for improved intra-
cockpit communication, exchange of relevant operational information and situational awareness
boomed across the airlines. This was accompanied by the inevitable, age-old exhortations about
cockpit discipline and professional behaviour, elusive terms which escape sound definition and only
generate unimaginative solutions with rather dubious results. As with GPWS, although the
contribution of CRM and LOFT to aviation safety has been monumental, the continuing pervasiveness
of human error in CFIT occurrences suggests that Human Factors training is only a partial solution to
CFIT occurrences.

Reducing CFIT occurrences requires recognition that such accidents are system-induced
(Wiener, 1977), i.e., they are generated by shortcomings in the aviation system, including
deficiencies in the organizations which constitute it. The accident in which a DC-10 crashed into an
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active volcano in Antarctica (Aircraft Accident Report No. 79-139) because incorrect navigation
coordinates in the computer-generated flight plan deviated the aircraft from its assumed track has been
asserted as an example of these shortcomings and the systemic nature of CFIT occurrences (Mahon,
1981, Vette, 1984, Johnston, 1985; Mcfarlane, 1991). Deploying people and funds -- always finite
resources -- in furthering regulations, design or training will not likely improve CFIT statistics..
Actions aimed at reducing CFIT should address system failures and organizational deficiencies
(Reason, 1990), since these are the areas where the greatest gains in safety improvement can be
realized. '

BACKGROUND

In dealing with CFIT occurrences, the industry has so far followed a time-honoured approach.
Upon observing one particular safety deficiency (CFIT), remedial action, essentially backwards-
looking and aimed only at that deficiency led to regulations (Annex 6 and others), design (GPWS and
MSAW) and training (CRM and LOFT). Such remedial action based on regulations, design and
training worked reasonably well in the past; when the level of technology aviation employed to-
achieve its production goals (transportation of people and goods safely and efficiently) was relatively
low, and the interactions between people and technology therefore simple and predictable. On the
other hand, the relatively low level of technology utilized up to the 1970’s imposed considerable
limitations on system goals, which in turn denied the system opportunities to foster human error.
Examples of these limitations include, among others, simple air traffic control systems, high weather
minima, flexible schedules, shorter legs, and more layovers which alleviated circadian disrhythmia.
Most important, equipment was simple and transparent in use, it demanded basic cognitive skills and
it responded to well-rehearsed mental models.

Although systemic elements can be found in accidents and incidents since the beginning of
aviation, human error in times of low technology was more a consequence of operational personnel
improperly applying their knowledge and skills (due to shortcomings in equipment design, deficient
training or silent regulations) than a result of stringent system demands. Within this context,
strengthening or adding local defenses (Maurino, 1992) through regulations, design or training
appeared a sensible approach to follow. The "sterile cockpit rule”, enacted as a consequence of an
accident in which a Douglas DC-9 crashed 5,3 km short of the runway at Charlotte, North Carolina (N7SB-
AAR-75-9) stands as a good example. Such an approach provided considerable yields and elevated
aviation to its status as the safest mode of transportation. The irony behind this progress is that ,
equipment designed to provide wider berth to human error eventually imposed greater demands over
the very humans they were supposed to alleviate, by increasing system production demands. '
Technical advances are seldom used to increase the safety of the aviation system as a whole by
creating wider safety margins. They are frequently used to stretch system limits, leaving safety
margins largely unchanged. '

Aviation in the 90s has become an extremely complex and sensitive system, in the sense that
even the smallest interference can lead to catastrophic consequences. To minimise human error and
maximise production, high-technology has been introduced on a large scale. Those who watched this
introduction with impartiality suggest two basic flaws in the process: (1) the introduction was
technology-driven rather than human-centred (Billings, 1992), and (2) it stopped short at the micro
rather than at the macro level of system design analysis (Meshkati, 1992). The consequence of the
first point is that technology has not eliminated human error but rather displaced it (Wiener, 1988).
The consequence of the second is that the system complicated and difficult to grasp conceptually.
New high technology is inherently opaque. As of today, the consequences of the interactions among
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people, technology and other system components in the safety of the system remain largely unknown
(Reason, 1992).

People and technology interact at each human-machine interface. Both components are highly
interdependent, and operate under the principle of joint causation (Pidgeon, 1991), i.e., people and
machines are affected by the same causal events in the surrounding environment. Furthermore, these
interactions do not take place in a vacuum, but within the context of organizations, their goals,
policies and procedures (Bruggink, 1990). Understanding the principle of joint causation and the
influence of the organizational context upon the aviation system operations is central to understanding
CFIT occurrences and their prevention. Such understanding will preclude the piecemeal approaches
based on design, training or regulations which have plagued past safety initiatives. Looking into the
organizational context will permit one to evaluate whether organizational objectives and goals are
consistent or conflicting with the design of the organization, and whether the operational personnel
have been provided with the necessary means to achieve such goals.

DISCUSSION

The success of the windshear training aid package (FAA4, 1987) in reducing windshear-induced
accidents has lured the aviation community into adopting similar approaches to solve other observed
safety deficiencies. The recently produced takeoff training aid package (FAA, 1992) stands as a good
example, and it will undoubtedly contribute in reducing aborted takeoff, overrun accidents. Not
surprisingly, many advocate a training package to reduce CFIT occurrences. However, neither

- technical nor Human Factors training are the solution to reducing CFIT statistics. Furthermore, -any
CFIT training package would be redundant with existing training curricula and therefore an
unnecessary and unproductive waste of resources.

The success of the windshear -- and hopefully of the rejected takeoff -- training aids resides in
the fact that both situations present inherent factors which can be punctually addressed. In both cases
specific knowledge, skills and mental models must be developed,acquired or revised. Examples of
this include understanding the dynamics of windshear and its consequences in terms of aircraft
performance, as well as the aerodynamics involved in an encounter, the certification conditions behind
demonstrated takeoff distances, the sequence of controls selection or manipulation, etc. Specific skills
must be developed and mental models changed to fly at high body angles, to apply maximum braking,
etc. ‘

There are no factors inherently specific to CFIT occurrences. All factors listed as
contributing to CFIT occurrences (Slatter, 1993) are addressed by existing training curricula:
navigational errors, non-compliance with approach or departure procedures, altimeter setting errors,
misinterpretation of approach procedures, limitations of the flight director/autopilot, etc. Those
factors not covered by technical training are included in CRM training: maintenance/loss of situational
awareness, deficient intra-cockpit interaction, flight crew communications etc. A dedicated training
package would be a meagre contribution to reducing CFIT occurrences.

The answer to CFIT occurrences lies in looking at them from a systems perspective and
acting upon the latent failures which have slipped into the system, ready to combine with operational
personnel active failures and adverse environmental conditions to produce an accident (Reason, 1990).
Examples of these latent failures include poor strategic planning of operations, absence of clear
channels of communication between management and operational personnel (a widely lamented but
seldom acted upon, typical system failure), deficient standard operational procedures (a direct
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consequence of the aforementioned), corporate objectives which are difficult or impossible to achieve
with existing resources and corporate goals inconsistent with declared safety goals, among others.

It is impossible to act upon a problem unless awareness about it is gainéd. Therefore, it is
advanced that the first answer to reduce CFIT occurrences is education. Education and training are
terms loosely used among operational personnel. They are, however, quite distinct and not
interchangeable (ICAO, 1989). While familiar with training, operational personnel are seldom exposed
to education, since it is assumed that it forms part of the basic qualifications required for
employment. Given the complex and opaque nature of today’s aviation system, it has been suggested
that it is time to review the need to further education in aviation (Kantowitz, 1992).

Rather than a training package, what is needed to decrease CFIT events is an educational
package, to acquaint both managers and operational personnel with the concepts of high technology
fAlkystenhow they manifest through organizational deficiencies, how they may lead to
incidents and accidents and the ways to cope with such failures and deficiencies. The next step is to
take into account Human Factors considerations during system design, both at the micro and macro

level. At the micro level, the Human Factors analysis must go beyond knobs and dials in the
traditional ergonomic sense, towards the more complex cognitive, information-processing and
communication processes between people and between people and technology. At the macro level,
the interface between the human-machine sub-system must be considered within the context of the
aviation system as a whole, including the declared system goals and the resources allocated to achieve
them. If education takes place, this second step is perfectly achievable.

A CASE STUDY

In November 1975, an airliner with six crew members and sixty-five passengers on board
crashed while attempting to land, following a circling, non-precision night approach in poor weather
conditions at a remote location in South America. In a "textbook" approach and landing, CFIT
accident, the aircraft hit the densely forested, sloping terrain less than one mile short of the intended
landing runway. The aircraft was completely destroyed, and although there were three injured (one
of them the captain) there were no fatalities. The investigating agency took the view that the accident
was attributable to pilot error. The pilot was fined by the civil aviation authority and demoted by the
airline. Less-than-appropriate consideration was given to the difficulties of the immediate
environment, replete with visual illusion-inducing conditions and with precarious navigation and '
approach aids. Neither did the investigation address the reasons which induced the crew to attempt an
approach in such adverse conditions. The safety and prevention lessons which might have been learnt
were effectively buried by the honest, but undoubtedly misdirected investigation, limited to the
cockpit activities immediately preceding the accident. '

When looking from an organizational perspective, multiple latent failures within the airline
become evident. The most obvious organizational deficiencies include lack of strategic planning
regarding this fleet operation and incompatibility between the corporate goals assigned to the fleet and
the resources provided to achieve them. The type had recently been introduced into the airline and the
process had been plagued with problems, including the adequacy of the qualifications of the airline
training staff as well as the stability of the training organization. Ground school was conducted in-
house with inappropriate means and with scant consideration paid to the fact that student captains had
no previous jet experience and student first officers were being inducted into the airline. No flight
simulator was available at that time, so all training was conducted in the aircraft, with its inherent
limitations. Notwithstanding the mentioned lack of jet experience, line-indoctrination was hurriedly
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completed, due to the pressing need for crews to meet an ambitious commercial schedule.

Management’s inability to establish clear lines of communication with operational personnel
was another serious organizational deficiency. This translated into deficient crew scheduling and
pairing, improper consideration of environmental and equipment limitations when scheduling regular
commercial services into destinations with doubtful infrastructures and unfriendly environments, and

-lack of guidance to flight crews in terms of standard operational procedures as well as the limitations
inherent to the operations. Because of these deficient lines of communications, newly qualified flight
crews had no clear guidance as to which were the operational behaviours management expected from
them. This lack of guidance -- and support -- has been recognized as an organizational failure which
contributes to flawed decision-making by operational personnel (Moshansky, 1992).

Lack of strategic planning, incompatible goals, failure to communicate goals and to properly
train personnel to achieve them are but a few examples of latent failures. They generate working
environments replete with conditions which foster human error. Most important, such environments
oftentimes make violations inevitable if tasks are to be achieved. An example of violation-producing
conditions are those air traffic control procedures which generate nuisance GPWS warnings. They
force crews to ignore warnings, thereby generating violations to operational orders to fulfil such
procedures. Eventually environment or task conditions which generate errors and violations lead to
system-induced accidents. Accident databases are replete with CFIT occurrences which support this
contention. :

CONCLUSION

When looking for solutions to CFIT occurrences, it is imperative to think in collective rather
than individual terms (Beaty, 1991). It is naive to brand an entire professional body as being mainly
responsible for aviation safety. It is equally impossible to anticipate the many disguises human error
may adopt to bypass even the most cleverly designed safety devices. Lastly, it is an unattainable goal
to eliminate all system deficiencies leading to accidents.

The solution rests in securing a maximum level of system "safety fitness" (Reason, 1992), by
working upon latent system failures, such as incompatible goals, poor communication, inadequate
control, training and maintenance deficiencies, poor operating procedures, poor planning and other
organizational deficiencies which modern accident causation approaches indicate as being responsible
for disasters in high-technology systems.

Periodic checking of these system "health condition" markers and continuously actioning upon
them remain the single most important keys to reduce CFIT occurrences. Such efforts in CFIT
prevention would also have dividends in many other safety-deficient areas.
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Enhancing the Impact of Human Factors Training

H. Thomas Heinzer
SimuFlite Training, International
Dallas, Texas

Introduction

Aviation training has become much more capable over the last 15 years with the advent of
Advanced Simulation, Crew Resource Management and Objectives-based Training. It is easier
now to isolate and modify specific behaviors. The power of new training tools and techniques
has in some cases however been under utilized. At the same time, little progress has been made
in learning how the airline training function can support efforts to_deal with organizational
precursors to crew-preventable accidents. Further changes in the training mission and the design
of training itself can help in both cases.

.t Overcoming Flightcheck Limitations

It is no secret that many Operators limit their training to the target of passing the inevitable
government checkride. Thus most Recurrent training in the U.S., for example, tends to be
aimed at preparing crews for the FAR 135.293/.297 or 121.441 Checks. The arguments against
limiting training in this fashion derive from the limitations of the check itself:

» Since the "checkride™ tends to consist of an unrelated string of maneuvers and
procedural tasks, it doesn’t reflect the real-world way in which emergencies tend
to unfold nor the environment in which they develop.

» Checkride challenges may not match the real-world ones that lead to accidents.
Checkride content just does not reflect all of the hazards crews must cope with
such as runway incursions, wind shear or altitude deviations while complying
with complex ATC procedures, for example.

So, it is asserted that both the content and execution of the checkride may not provide the best
test of the actual proficiency crews need to fly in today’s environment. Thus training limited
to the scope of the check is similarly limited in value.

Of course, problems with government requirements are well known and are being addressed to
some extent. In the U.S., the Advanced Qualification Program initiative (SFAR 58) is tackling
the issue by encouraging Operators to determine which training tasks are critical and how often
they need to be trained. But AQP is expensive, requiring as it does a fresh task analysis, and
may therefore be limited to only a subset of Operators. But to the extent that AQP is successful
and feasible, it will bring more real-world oriented checking with it. In the interim, progressive
checking will help if not resolve the situation.

Under special circumstances, checkride tasks can be integrated into a training course and
accomplished "progressively”. Check accomplishment then becomes much more meaningful
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when embedded in mission-oriented simulator training sessions that reflect realistic flight
scenarios..  SimuFlite Training, International was the first to conduct advanced simulator
proficiency checks for Corporate Operators in this so-called "progressive” manner and recently
initiated semi-progressive checks (spread over two days) with air carrier Clients. Progressive
checking builds realism into the check and bolsters the Operator’s confidence in the pxlots who
pass it.

Mission-Oriented Training

LOFT advantages are being realized more and more in the course of regular simulator training
sessions through greater use of mission-oriented training presented in the form of Line
Operational Simulations—or "LOS" for short.

The conduct of simulator and airplane training preceding checking has been modeled for years
on the check itself. Thus conventional simulator training emphasizes trial and practice of series’

of procedures which are often introduced without regard to the way in which real-world
emergencies and abnormals develop. Such training in the hands of inadequately trained and
indoctrinated Instructors often deteriorates into simulator "gotcha’" games where crews
unwittingly collaborate with Instructors to see how many faults and emergencies can be tolerated
while keeping the airplane airborne. Often the stimulus for this kind of training comes from no
more sophisticated a rationale than an Instructor’s efforts to fend off his or her own boredom

or the Check Airman’s desire to set the stage for the sale of his or her particular "pet”
procedure.

Recurrent simulator training sessions, especially, ought to be shaped to mirror as closely as
possible realistic flight conditions from preflight planning on. Then, and only then, can
emergency and abnormal conditions develop as they do in real life and be dealt with in a realistic
environment that reflects the demands of coping.with problems while contmumg to maintain
situational awareness and deal with ATC distractions. :

Guidelines for i\'ﬁssion-oriented training sessions or "LOS" (Line Operational Simulation)
sessions have recently been outlined in an Advisory Circular by the FAA. ‘

New Training Packages

We as an industry are getting better at developing focused training tools. This has led to more
self-contained training regimens designed from the outset to combat specific hazards. The Wind
Shear Training Aid is an excellent example as is the Takeoff Safety training aid also developed
under Boeing’s leadership. :

But there are limitations. First, the economics of training can limit the payoff of these
programs. Take the Wind Shear Training Aid, for example. Does your training organization
take an hour of simulator time to implement this or are your crews basically just being
"exposed” to one or two shear encounters? If you are in the latter situation you are not alone.
Wind Shear training, like other new items on the training menu, takes time. And Operators
often have neither the budget nor crew man-hours to take full advantage of these programs.
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Another problem is integration. Unless we are talking about ab initio or transition training, ‘the
more mission-oriented or realistic the training, the better. But it takes planning and resources
to integrate things like the wind shear training exercises into full mission simulators scenarios.

Decision-making training and evaluation should be interwoven into recurrent training curricula
as well. Why? Because the maximum impact of dedicated training packages such as Windshear,
TCAS, CFIT and the like most certainly depend upon the individual and team’s ability to make
an informed, prudent decision. While the authors of these regimens have won half the battle
by defining decision criteria and prescribing behaviors to employ following the decision, their
efforts can come to naught when a Captain or crew’s ability or inclination to make a decision
is handicapped.

Consider, for example, the inability of some crews to extricate themselves from imminent CFIT
accidents. For not all such accidents hinge on a completely complacent crew at a loss for
situational awareness. On the contrary, many of these accidents reflect a palpable air of
uncertainty and in some cases even concern on the flight deck preceding impact yet the crew was
unable to make the commitment to exit the situation. I would suggest that crews would benefit
from dedicated trdining "practicing" escapes from terrain-separation uncertain situations—not so
much to optimize pull-up techniques but to give the crews practice in making the decision to
change their plan and abandon the approach. Instructors are familiar with an analogous
situation. Pilots who are more comfortable executing missed approaches seem to have an easier
time "deciding” to do them.

Integration makes training powerful. But it takes frequent re-designing of the entire training
regimen to effectively integrate new programs and techniques.

Better Evaluation Will Yield Continuous & Prescriptive Training

One of the most exciting developments for training has been the specification of the "CRM
Performance Markers" by Dr. Robert Helmreich, et al at the University of Texas. These
provide the first concrete, easy to use measures of crew resource management. Their biggest
payoff could be the restoration of "evaluation” to its rightful role in the management of training.

After all, without concrete evaluation, we can honestly measure neither the need for training nor
the effectiveness of training. Better evaluation tools will allow us to truly tailor training in terms
of both time and content.

Conventionally, training is aimed at restoring performance to arbitrary intervals. It doesn’t tell
you about either performance decrements or improvements over time. Nor does it answer
certain key questions like... Was the training given too soon or too late? Did crew performance
deteriorate below minimum acceptable levels between training events? How do you "know"
when its time to train again? These questions and others are usually never addressed. Instead,
training frequency, like training content, is most often dictated by regulatory requirement.

Thus, you have no assurance of continuity of performance. If you have a "weak" pilot or a
systemic problem (e.g. lack of standardization) can you reasonably expect it to be fixed with one
"dose" of training administered without regard to the entry-condition of your crews?
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Better evaluation tools will allow you to more accurately pinpoint when its time to train and on
what. As a consequence we will learn how to deliver compensating training in smaller, more
efficient doses and gradually flatten-out the retention curve. Training in its smallest doses
usually comes in the form of coaching, Have your Check Airmen or Captains been trained as
"coaches"? Line Check Airmen can learn to identify crew resource management deficiencies
and through structured debriefing, coach against the problem there and then. If you think about
it, much of the behaviors that we see in cockpits are habitual. They are thus much more
amenable to change through frequent coaching versus once-a-year training. Of course, to realize
this vision, airlines will have to invest in better training for their Check or standardization pilots
and place greater emphasis upon evaluation.

More Powerful Evaluation Restores Management Control

Research into the organizational precursors of accidents to which ur industry has recently
turned points to the critical nature of leadership and communication throughout the operational
organization. Reason’s concept of "latent failure" coupled with Westrum’s view of the capacity
of the organization for "thought" leads to the conclusion that communication, especially up the
chain and through unconventional pathways, is critical to safety. For when organizations, be
they a flightcrew complement, flight department or airline, become constrained from acting on
or communicating observations of hazards they become less able to conceive of such hazards.
[Westrum, 1990, p.109]

How does this happen to the organization? By becoming intolerant of "bad news" and by

focusing excessively on maintaining the organization’s structure. The resuitant pathology of
organizational thought tends to choke-off both the "bad news" and the innovative solutions they

might stimulate, It also progressively limits which kinds of conditions are perceived to be

genuine "problems” in need of solutions. Fhis pathological corporate "thinking” and

concomitant impoverishment of intra-organizational communication can permeate the

organizational culture. Cycles of safety lapses and cover-ups hide deficiencies until, as in the

case of the Space Shuttle Challenger, they take their toll. The situation is not unlike that which

conventional CRM training works hard to attack at the flightcrew level: blockage of
communication from the second-in-command to the pilot-in~command and an inability of the PIC

to perceive the threat to the flight. Perhaps this model of organizational "thought” explains why

so often, when a Chief Pilot says that he or she just couldn’t have "conceived" of a particular

accident happening, we should take him or her at their word. Perhaps the organizational context
in which they operated just did not allow for such a chain of events to be admitted to

consciousness. '

More powerful evaluation of flightcrew performance can foster integration into Management’s
sources of control feedback. And the strong yet flexible leadership required of "healthy"
organizations depends upon a commitment by Management to both lead and control. By
solidifying the connection between crew performance evaluation and Management control a
communication path is established that sends a clear message of "responsibility” to upper
Management.
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In short, more accurate evaluation of safety at the cockpit level aids communication of
management-controlled precursor "latent failures" up the organization which, in turn increases
the probability of resolution and maintains Management’s ability to conceive of and become
alarmed at the occurrence of such failures.

Crews Can Acquire Self-Training Skills

Crews can be taught self-diagnostic and self-correcting skills to hold them in good stead between
training or coaching opportunities. In the future more training organizations will work with
crews to sharpen those skills. The process fosters openness among crewmembers and can
provide an early-warning system for hazardous crew behaviors, poorly conceived procedures and
the like. Otherwise, it left to the accident investigator to search back for these hazards.

Instead of passive "experience” from which we formulate lessons-learned we can teach crews
to actively analyze their own performance and the infrastructure supporting their mission.

At SimuFlite, we. call this "self discovery" and it is a technique used upon completion of the
flight to facilitate self-critique by crewmembers. The goal is to develop in the crewmember a
skill for critical self-appraisal that will accompany him or her into the field. '

Of course, teaching "self discovery” to crews is a delicate process that requires carefully
indoctrinated and trained Instructors. But the payoff for this investment in personnel is
tremendous.

Training Can Aid Employee Development

Traditionally, Training has been aimed at "restoring” instead of improving performance. Why
do we not aim for improvement over time? Once we do, we will probably find it to be a
powerful employee development tool. The business world has long used training and
concomitant performance improvement as weapons against complacency and slipping motivation.

Are there not certain areas of knowledge and even certain skills that we would reasonably expect
to improve over time? Pilots, as compared to other professionals tend to spend a greater portion
of their time restoring skills instead of improving them or adding new material to their
knowledge base. Designing training for improvement instead of just restoration can add to job
enrichment for the individual pilot, can rejuvenate trainers and of course, create more competent
pilots. Once again, this places a burden on current evaluation habits however. Improvements,
especially in skills, can only be demonstrated using measures that are valid and reliable. And
evaluators must receive sufficient training and practice.

Training Will be Thought of Increasingly as a Management Tool
Greater use of evaluation will allow Management to really use training as a management tool.

Training should be held "accountable” for certain incidents/accidents and should be the first
focus of attention instead of the individual crewmembers. Again, the burden falls on training
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evaluation systems to provide management with adequate feedback to realize this management
control.

Greater Management involvement in, and concern for, training has already been shown to
improve CRM training effectiveness. vc Certainly, the same can hold true for the training
directed at removing organizational precursors to accidents—an approach we call Organization

Resource Management.
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INTRODUCTION

This study provided human performance data to support the devglopment of the Takeoff
Safety Training Aid. The goal of the Training Aid is to reduce the number of rejected takeoff
(RTO) related accidents and incidents. The objectxve of the human performancc study was to
provide quantitative and qualitative data to aid in better understanding the areas in which
decision making and performance can be lmproved and generate data-based recommendations for
Training Aid content and direction.

: Previous research (Foxworth & Marthinsen, 1969; Snyder, Drinkwater, Fry, & Forrest,

1973) has focused only on performance and then only in response to a single event (engine fire or
failure, respectively). The present study attempts to evaluate decision making, execution of
procedures, and performance in the presence of an array of events chosen to represent the types
of events that occur in line operations. Choice of the particular events used was based on reviews
of accident/incident data on RTO overruns conducted by Boeing Product Safety as well as
material presented by Chamberlain (1991) and Strauch (1990).

Variables in the study included: type of non-normal event, availability of autobrakes,
crosswind conditions, and which pilot was flying. Pre- and post-run interviews were conducted
to obtain background data on the pilots and to assess decision making processes, crew
coordination, and procedure accomplishment issues. '

Decision making was evaluated in terms of the Go/No Go decisions made in the
presence of non-normal events. Decision time as a function of engine versus non-engine related
events was also evaluated. Stopping performance was evaluated as a function of crosswind
conditions, autobrake availability, and exchange of aircraft control. Procedure accomplishment
was judged against the RTO procedure policy of the subject's company.

METHOD
Subjects

A total of 48 pilots type-rated in the B-737 participated in the study. Of these, 24 were
Boeing instructor pilots and 24 were airline captains. Airlines solicited volunteers from their line
captains . No more than eight captains were used from any airline to avoid biasing the results.

One of two Boeing training captains served as the first officer for all subjects. Both
had considerable line experience and were able to closely emulate the characteristics of an
average line first officer. This procedure eliminated the inherent variability associated with
varying the first officer. '

The test run scenarios under which takeoffs were executed were:

Normal takeoff, captain flying
Engine failure at 8 knots prior to V1, captain flying
Engine failure at 8 knots prior to V1, first officer flying
Engine failure at 2 knots after V1, captain flying
~ Engine failure at 2 knots after V1, first officer flying
Fire Warning at S knots prior to V1, captain flying
Blown tire at 10 knots prior to V1, captain flying
Master Caution light at 10 knots prior to V1, captain flying

_ - The order in which subjects encountered the above listed conditions was varied across
the subjects. Four combinations of crosswind and braking conditions were also varied across the
eight trials per subject. The four crosswind and braking conditions were: 1) calm wind, manual
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braking required; 2) calm wind, autobraking available; 3) 15 kt crosswind, manual braking
required; 4) 15 kt crosswind, autobraking available.

The following is a representative scenario of trial conditions:

Engine failure at V1-8, captain flying, calm wind, autobraking available

Fire warning at V1-5, captain flying, 15 kt crosswind, autobraking available
Engine failure at V1+2, first officer flying, calm wind, manual braking required
Master Caution at V1-10, captain flying, 15 kt crosswind, manual braking required
Engine failure at V142, captain flying, calm wind, autobraking available

Engine failure at V1-8, first officer flying, 15 kt crosswind, autobraking available
Normal takeoff, captain flying, 15 kt crosswind, manual braking required

Blown tire at V1-10, captain flying, calm wind, manual braking required

NN E LN~

A pre-test questionnaire was developed to assess the subjects' experience and
knowledge of factors related to V1. A post-test questionnaire was developed to obtain additional
comments on RTO decision making, procedure execution, and crew coordination.

Procedure

Testing was done in one of Boeing's 737-300 full flight simulators. All takeoffs were
conducted at a runway limited condition, meaning that for the initial conditions, the computed
accelerate-stop distance was equal to the field length. The speeds at which the events occurred
prior to V1 were chosen 1o provide approximately 1-2 seconds before V1 in which 1o "decide”
whether to continue the takeoff or reject. :

After normal introductions, pilots were briefed that they were participating in a takeoff
study. They were then given the pre-test questionnaire to complete. Airline captains were
briefed on the differences between the flight deck they were used to and that of the simulator.
These pilots were also given a familiarization takeoff and flight around the pattern before testing
began. The appropriate sequence of eight takeoff trials was then administered.

Following testing, the pilot returned to the briefing room for post-test debriefing.
RESULTS

Boeing pilots and airline pilots as groups had surprisingly similar profiles not only in
terms of background and experience but also in the distribution of RTO's across test conditions
and total number of RTO's. The number of RTO's per event varied by only 1 in all cases except
engine fire. Therefore, findings on performance and decision making are based on all 48 pilots
as one group. '

Decision Making

The timing and nature of the events triggered during the takeoff trials were designed to
produce situations in which pilots could appropriately reject the takeoff on 3 of the 8 trials. The
acceleration rate for 737 under the conditions used is between 4 and 5 knots per second, thus
pilots had from about 1 second (V1-5) to slightly more than 2 seconds (V1-10) to decide whether
to reject or continue the takeoff.

Pilots did not reject takeoffs as often as was anticipated in the "classical” cases that are
normally trained; namely, engine failures and fires. Almost one-third of the pilots rejected for
" the blown tire although the only indication was a vibration. There were seven RTO's for a
Master Caution light which in this case came on due to a relatively insignificant hydraulic pump
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overheat 10 knots below V1. Boeing, along with most airlines, specifies that "Once thrust is set
and takeoff roll has been established, rejecting a takeoff solely for illumination of the amber
MASTER CAUTION light is not recommended". ’

Stopping Performance

Stopping performance, as measured by runway remaining, was averaged for all rejects
for each event condition presented. Pilots were able to stop the airplane with the greatest margin
in the few cases when they rejected due to a Master Caution light illuminated 10 knots prior to
V1. In this case, the pilot had reverse thrust from both engines and the malfunction occurred
more than two seconds before V1. The worst case was the RTO initiated after V1, followed
closely by the rejects for the blown tire.

The effect of crosswind (15 kt versus calm) on stopping margin, while in the direction
expected, was negligible. Under calm wind conditions, average runway remaining was 119
meters; with a 15 kt crosswind, average runway remaining was 100 meters.

Most U.S. carriers and all those who participated in this study have the policy that the
captain both calls for and executes all RTO's. This obviously involves exchange of aircraft
control when the first officer is the Pilot Flying (PF). Although current Boeing manuals are
written with the PF doing the RTO, the Boeing pilots were told to use the policy they preferred.
With captains as the PF, the average distance remaining to the end of the runway was 152 meters.
(500 ft). With first officers as PF but under the "captain call and execute" policy, average
distance remaining was also 152 meters (500 ft.). When first officers executed the RTO either on
their own initiative or with the captain calling the reject, the distance remaining was 94 meters
(310 ft.). Finally, with the first officer as PF and performing the reject only if the captain called
for it, the average distance remaining was 56 meters (183 feet).

Clearly, there is an exchange of control effect on stopping margins, but the effect is not
straightforward. Stopping margins achieved when the captain was the PF or was deciding on and
executing the RTO were substantially greater than those where the first officer as PF had the
responsibility to decide and/or execute the RTO. Variations in the ability of the first officer to
make the reject decision and what technique would be used if the reject decision was made were
a direct result of the captain's takeoff briefing. The quality and extent of these briéfing varied
greatly across subjects. Post-test interview data on crew coordination issues indicated: a) none of
the pilots reported briefing RTO procedures on every takeoff, and b) the briefings that are given
relate primarily to local conditions. Captains typically assume a great deal with regard to what .
first officers know about crew roles in RTO decision making and execution. During first officer
takeoffs with the captain performing the reject, there were few crew coordination problems.
However, in the situation where the first officer performed the reject, there often were crew
coordination difficulties. There is an inherent delay when the captain is required to make the
reject decision, verbalize it, and then have the first officer execute the procedure. There is also
often a delay when the first officer must decide on rejecting the takeoff and the criteria for that
decision are not clear and/or the cues from an event are ambiguous.

Stopping performance was also evaluated as a function of the availability of the ,
autobrake system versus manual braking. Boeing procedures and airline policies agree that the
first step in the RTO procedure is simultaneous application of maximum braking and closing the
thrust levers. Few pilots did this, but rather applied braking as the third or fourth step in the
procedure. Some pilots "pumped" the brakes, rather than holding full maximum pressure.
Others released brake pressure prematurely then had to reapply maximum pressure to avoid

overrunning the end of the runway. These actions reduce stopping margins.
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The availability of RTO autobrakes substantially increased stopping margins. Average
distance remaining to the end of the runway with the autobrake system armed was 137 meters.
Average distance remaining using manual braking was 82 meters. Since autobrakes come on as
soon as the thrust levers come to idle, autobrakes typically give a 1-2 second earlier brake
application than manual braking. The autobrake system also applies more consistent braking
force. The negative side of autobrakes is that they can be inadvertently disengaged resulting in
no braking force being applied for a few seconds until the crew notices it. Maximum stopping

' margin is achieved if pilots let the autobrake system bring the airplane to a complete stop.

Procedure Accomplishment

All Boeing pilots have the following procedure: "Simultaneously close the thrust
levers (disengage the autothrottle, if required) and apply maximum brakes. If RTO autobrakes
are selected, monitor system performance and apply manual wheel brakes if the AUTO BRAKE
DISARM light illuminates or deceleration is not adequate. Rapidly raise the speedbrakes and
apply maximum reverse thrust consistent with the conditions.” Some of the airlines represented
also have this as their procedure. Others have a procedure that uses the reverse thrust levers to
raise the speedbrake lever. The percentage of incorrect procedure occurrences, was significant.
In each case, the error was selecting reverse thrust prior to raising the speedbrake lever manually.
No procedural errors were made by pilots whose company policy called for speedbrake
deployment using the reverse thrust levers.

During the course of the study, a new variable was unintentionally introduced. Due to
a simulator malfunction, the autospeedbrake deployment feature failed occasionally. This
"provided an opportunity to observe whether pilots using the autospeedbrake deployment feature
actually monitored speedbrake deployment. In nine cases where the speedbrake failed to deploy
automatically and the captain's company policy dictated automatic deployment, only one captain
noticed that the speedbrake had failed to deploy.

A question of interest was the effect of the nature of the event on decision time.
Decision time in the study was defined as the time between event occurrence and the first
stopping action. As might be expected, decision times increased for events that were more
difficult to recognize, required crew coordination, and/or that are not as well practiced. The
shortest time from event to first action occurred for the engine fire warning at V1-5. This time
was taken as the reference for comparison across events. The results of this comparison are
shown in Figure 1.

Fire warning at V1-5, captain flying Reference time

Engine failure at V1-8, captain flying Reference time + .2 seconds
Master Caution at V1-10, captain flying Reference time + .4 seconds
Engine failure at V1-8, first officer. flying Reference time + .6 seconds
Blown tire at V1-10, captain flying Reference time + .6 seconds

Figure 1. Decision time represented as the time between event and first stopping action

It is noteworthy that errors in procedure accomplishment have a high positive
correlation with decision time. For those pilots whose company policy was manual speedbrake
deployment, 32% of the RTO's were done using auto speedbrake deployment. The percentage of
procedures incorrectly performed by event were:

- 42% for blown tire, captain flying

- 35% for engine failure at V1-8, first officer flying

- 30% for engine failure at V1-8, captain flying

- 25% for master caution light, captain flying

- 14% for fire warning at V1-5, captain flying
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Uncertainty, whether in event recognition or crew coordination, leads to longer decision times
and more mistakes in the RTO environment.

Post-Test Debrief Findings

In the post-test debriefing, a number of questions were asked of the airline captains
relative to decision making, crew coordination, and procedure accomplishment. The conclusions
drawn from the responses to these questions are as follows: '

- Company policy, as reported by pilots, varies considerably both between and within
companies in terms of the guidelines provided for RTO decisions.

- Many had a personal "pad"” for V1, but its size and the conditions under which it is used vary
widely.

- The impact of padded V1's on height over the end of the runway is not always considered in
making the RTO decision. )

- Captains appear to rely heavily on the first officer's memory and common training experience
to provide coordinated action during a RTO. Understanding of RTO procedures is often
assumed by captains, not confirmed. ’

CONCLUSIONS AND RECOMMENDATIONS
Decision Making

The pilots tested were more "go" oriented than anticipated. This may be due at least in
part to the fact that many pilots use an informal "pad" with respect to V1. This pad, which
ranged between 5 and 20 knots, was the speed beyond which they would not begin a reject when
in a runway limit situation. It was not clear that pilots considered the impact of such a pad on
screen height as a part of the RTO decision.

The vibration associated with a blown tire appears to induce pilots to reject with no
other malfunction indications.

In spite of recommendations to the contrary, a number of pilots rejected for
illumination of the Master Caution light in the high speed regime.

Recommendations - Training related to RTO's should:
- Impart an accurate meaning of V1 assuring an understanding of the Go/No Go margins;
- Illustrate the effect of the reduction in screen height resulting from a continued takeoff with
an engine failure prior to V1;
- Include academic training emphasizing the impact on stopping distance of a blown tire;
- Provide simulator training to demonstrate the "feel"” of a blown tire and the merits of
continuing the takeoff.

Stopping Performance

A substantial reduction in stopping margins was observed when first officers executed
the RTO either on their own initiative or when the captain called it. The smallest distance
remaining was observed when the captain called the reject and the first officer executed it. No
crew coordination problems were observed when the captain both called and executed the RTO
even though exchange of control of the aircraft was involved in those test runs where the first
officer was the PF. '

The use of RTO autobrakes substantially increased stopping margins over manual
braking even though the most common technique was braking initiated by the autobrake system
and completed by the pilot.



A-202 Circular/Circulaire/Lupxynsp 243-AN/146

Recommendations - A recommendation for a standardized policy of having the captain
call and execute all RTO's appears to be appropriate. This would reduce the uncertainty
regarding crew roles when rejecting a takeoff. Greater emphasis should be given to the value of
RTO autobrakes, however, optimum manual braking techniques should still be emphasized in
training.

Procedure Accomplishment

With pilots who operate under the manual speedbrake deployment policy, 32% of the
RTO's were done using incorrect procedures. Further, there was a strong correlation between
percentage of procedural errors by event and decision time.

Recommendations - Exposure of pilots to “non-classical™ as well as the more common
engine fire or failure events in training should reduce the uncertainty and ambiguity in the
decision process and perhaps lead to less regression to the well-practiced procedures of the
landing sequence. Proper accomplishment of the RTO procedure needs additional emphasis to
promote improved crew communication and coordination.

IMPLEMENTATION

The study was vital to the development of the Takeoff Safety Training Aid. The insight
gained on pilots' understanding of V1 was extremely useful in structuring the Training Aid. The
data on Go/No Go decision making with a blown tire led to special emphasis on this event.
Stopping performance data led to specific recommendations regarding crew coordination and the
use of autobrakes during RTO's. The procedure accomplishment data led to special emphasis on
training and procedures. -

The Training Aid was distributed to all operators of western-built commercial jet
transports, many governmental and regulatory agencies, pilot groups and airplane and engine
manufacturers in September of 1992. It includes a video, academic material and recommended
simulator training profiles. To date, many training groups throughout the industry have
confirmed that they are incorporating at least a portion of the recommended training in their
courses. The video is being widely used throughout the industry.
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HUMAN FACTORS TRAINING FOR AUTOMATION

LIFE IN THE SECOND DECADE OF THE GLASS COCKPIT

Earl L. Wiener
University of Miami/NASA Ames
Address before the ICAO Flight Safety
and Human Factors Symposium
Washington, DC
April 15, 1993

We now find ourselves in the second decade of the glass cockpit. I would like to give
you a brief report card.

The decade of the 1980’s saw a dizzying acceleration of flight-deck automation, enabled
by the development of the microprocessor. Suddenly cockpit technology was running at fast-
forward, but the human factors profession was not. In 1980 McDonnell-Douglas introduced the
DC-9-80 (later called MD-80), which brought to the short and medium haul airliner avionic
sophistication previously found only in wide-body transports. But technologically-this was a
small step compared to what lay ahead - when in 1982 Boeing introduced the 767, the first
commercial aircraft with a glass cockpit and an advanced flight management system.

Coincidentally the decade of the 80’s also witnessed the recrudescence of a type of
accident that we thought was a bygone day: poor cockpit communication, inadequate
performance of procedures, and faulty use of the checklist, or no use at all.

I have said before, and will continue to say as long as I can find an audience, that the
most important safety device in the aircraft is not ground prox, is not TCAS, is not color radar,
in fact does not come in a box at all. You can take it off the airplane and go down to your
local quick xerox store, and for 3 1/2 cents they’ll make you another one.

The checklist is the conductor’s baton: it sets the tone, the rhythm, and the cadence for
all that happens in the cockpit. Yes, it is a mere piece of paper, and the human factors
profession has never had a high regard for paper - we like boxes - but the importance of the
checklist and its associated behavior cannot be exaggerated.

I am happy to report that this class of problem has been brought under control, largely
as a result of emphasis on procedural standardization (Degani and Wiener, 1990) and the cockpit
resource management training now offered at most airlines
(Wiener, Kanki, and Helmreich, 1993).

Back to the glass cockpit. Glass displays are not merely computer-graphic replications
of traditional instrumentation. They allow features that were never possible before -- six
different pilot-selected modes can be displayed on the HSI, including one that enables the pilot
to step through the waypoints one-by-one and display the course on the map, as a pre-flight
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check of lateral navigation. Pilots can select or deselect information to be displayed on the map,
such as airports capable of taking the aircraft, navaids, and the like. Color radar can be
superimposed on the HSI map, allowing a fusion of weather, present position, and lateral course
information. This combination of weather and course information is regarded by pilots as one
of the biggest advances found in the glass cockpit aircraft.

The latest models of glass aircraft, such as the 747-400, MD-11, and the A-320, can
display system schematics for diagnosis and management. Other features enabled by glass
displays include a path predictor vector, which shows where the plane will be 20, 40 and 60
seconds ahead, and the "green arc" which predicts at what point on the map the aircraft will
reach its target altitude. The green arc makes a lot of difficult mental computations very easy.
I can tell you from my field studies in the 757 and MD-88 that it is immensely popular with the
crews. With the green arc, making a crossing restriction becomes child’s play.

--—----- GLASS DISPLAYS -------

The glass cockpit was, and is, an ingenious development, a generation step forward in
aircraft design. But it is not without its critics, of which I have been one (Wiener, 1988). In
CRM training we distinguish between "critique" and "criticism." Criticism is all negative;
critique balances the inevitable good and bad that one finds in anything that is carefully
examined. I hope the reader will regard my remarks as critique.

In all fairness, before looking at the problems, let’s look at the record, because it is quite
impressive. No passenger has ever been killed or injured in an accident involving a U.S.-
operated glass cockpit aircraft. There has been only one serious accident that I am aware of -
a rejected takeoff resulting in damage to a 757 at San Jose, Costa Rica. The 767/757 have the
best introduction record of any aircraft in history.

I must be brief today; let us look at some of the promises and problems.

------ CONCERNS OF THE GLASS COCKPIT -------

1) The interface is often difficult to operate, and confusion of the various autoflight
modes is not unusual. I believe that it is true that every impartial investigator who has looked
at the glass cockpit has discovered that mode confusion is a serious problem. The manufacturers
have often brushed this off as a training problem. The distinguished researchers Don Norman
and Ed Huchins call this the "blame and train" approach.

When well trained, well motivated, well standardized pilots are still confused about the
implications of the modes they have selected, it is not a training problem; it is an interface
problem.

2) Equé]ly serious, the promised reduction in workload has not occurred. If anything,
the result has been somewhat paradoxical, in that automation appears to increase workload when
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it is already high, and decrease it when it is low. Time and again pilots that I have interviewed
have reported that when the going gets rough, they "click it off" -- that is, revert to more
manual modes of operation. This is a paradox.

When I take an observanon flight in one of the glass airplanes, I always "break the ice"
with a somewhat bland question to the captain. I say, "Captain, how do you like this airplane?”
The response is stereotyped and predictable. It goes something like this: "I love this plane.
I love the power, the wing, and I even love this stuff" (with a movement of the hand toward the
flight guidance area of the cockpit - meaning the automation). And then he or she will add,
"But I'll tell you one thing - I've never been so busy in my life." The operative word is busy.
I hear it time and again. Suffice it to say that the relationship between automation and workload
is not a simple one. Is this a training problem? No. It’s an interface problem. Let me give
you an example.

--—--= LAT AND LON WAYPOINT -------

3) A related problem is "head down" time in the glass cockpit. This is a tough one.
Everyone who observes the crews in a glass cockpit is struck by the amount of time two heads
are in the cockpit, especially below 10,000 feet, near an airport, at the point where the pilots
need to be looking out the most.

Now I hope no one will be tempted to say that this is not a problem, since TCAS will
protect you from other aircraft. That would be a classic example of what Renwick Curry and
1, in 1980, labeled " primary-backup inversion" (the primary becomes a backup, and the backup
takes over as primary)> ATC’s responsibility aside, the primary cockpit device for collision
avoidance, in VMC conditions, is the human eye, love it or not. TCAS is a backup.

I don’t know the answer to the head-down problem. But I can assure you that it is not
a training problem, it’s an interface problem.

Head-down time may also turn out to be the undoing of datalink communication, which
is right around the corner. Datalink displays, compared to voice radio communication, suck the
pilots’ eyes right back into the cockpit. Using traditional voice communication, the pilot can
easily continue extra-cockpit scan, needing to look down only long enough to change
frequencies, which they can do rather quickly.

4) Another problem in all forms of digital systems in error vulnerability. The glass
cockpit is good news and bad news. The bad news is that it is very easy to enter erroneous
information into the flight guidance computer. The good news is that the glass displays can
make many errors, especially course errors, very apparent. This is what I call an “error
evident” display. The system does not prevent the error -- but it makes it conspicuous. Let me
give you an example and contains both the good and bad news:

---==== TEPEE -------

5) I hear a lot of talk from my colleagues in human factors about "situational
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awareness”, the buzz word of the 90’s, and the assertion that situational awareness suffers in the
highly automated aircraft. Maybe the problem lies in the fuzzy definition of the term, and that
is a problem, in fact you can bring a panel discussion on the subject to a stand-still by asking
what the speaker or the panel what they mean by the "situational awareness". As 1
understand the term, I do not see an automation problem. It seems to me that situational
awareness is enhanced, not degraded by advanced instrumentation. Look at all of the
information available to the pilot in the enhanced displays that I have already described - think
of the path predictor, the green arc, the ability to know (laterally) where you are at all times
with respect to waypoints, navaids, the course, weather, and the airfield. Think of the ability
to instantly locate the closest adequate airfield in the event of an extreme emergency. I have a
name for what can be gained from that type of information: situational awareness.

Furthermore, in its ability to monitor and display system‘ status, EICAS (note that I am
using Boeing terminology; other manufacturers have their own names and acronyms for
essentially the same systems) is a marvelous improvement over the forest of engine and systems

_ displays, of warnings and alerts that we find in traditional cockpits. When it comes to aircraft

systems, EICAS would have to be regarded as an enhancement of situational awareness.

Yes, it is possible to become overly dependent on automation, and lose track of what is
happening, if that is what the critics mean by a loss of situational awareness. But as I
understand the term I would give the glass cockpit high marks for enhancing, not degrading,
situational awareness.

Ask any pilot who has made the "backward transition," returning to traditional aircraft
after flying glass. This has become a serious training problem at some airlines, especially where
senior first officers in glass aircraft transition to captaincy in traditional aircraft, such as early
models of the 737, and the DC-9.

I have been polite enough to call the older aircraft "traditional". Pilots have some other
terms for them:

------- NAMES FOR OLD COCKPITS -------

I believe that these facetious names show a certain contempt for the ancient cockpits, and
reverence for the modern aircraft.

TRAINING

A word or two about cockpit resource management, and training for automation. I
believe that the CRM movement will some day be viewed as one of the great advances in flight
safety. 1 further believe that CRM, and its companion, LOFT, is particularly necessary and
helpful in the advanced technology, two-pilot cockpit. The management aspects of flying the
glass cockpit are demanding, and crew coordination of the two pilot crew is a serious matter.
The value of CRM training has not be proven in any statistical sense, but it is there for anyone
to see. On my report card, I would give high marks to the first generation of CRM and LOFT
training, and look forward to what will be done in future generations.
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Many U.S. airlines have experienced varying amounts of trouble with transition of crews
from traditional cockpits to glass. Much of this is lack of preparation, and considerable
apprehension, and in many cases misinformation on the part of trainees before they attend
ground school. ' '

One airline, Delta, chose to face that problem head on, but devising a new course entitled
"Introduction of Aviation Automation". Every pilot transitioning to a glass airplane for the first
time takes the course before ground school. It is model-independent; it is not a substitute for
ground school -- it’s purpose is to prepare the pilot for the training he or she will receive. Delta
considers the course a big success, and it has numerous imitators. Delta deserves much credit
to being the industry leader in this field.

In conclusion, the glass cockpit will soon no longer be the “oddball” of the fleet, but the
mainstay. I would give high, but not perfect, marks to the glass cockpit aircraft. Their safety
record and reliability are impressive, and we have learned many valuable lessons about the
impact of automation on pilots. More work lies ahead in improving interfaces that are difficult
and time-consuming to operate, in fine-tuning flight training, LOFT, and CRM. There is no
question in my mind that the industry is up to the challenge, and that automation will be the
servant of the pilot and not the other way around.
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MANAGING THE MODERN COCKPIT
A MANUFACTURER’S VIEW

- Capt. Chester L. Ekstrand
Director, Flight Training
Customer Services
Boeing Commercial Airplane Group

Managing the modern cockpit is a statement that applies, both to the way in which
modern cockpit design is accomplished, and to the way in which pilots operate the highly
automated airplane. In the context of this paper the modern cockpit refers to those Boeing
airplanes which are equipped with features including advanced autopilots, Electronic Flight
Instrument Displays (EFIS); advanced alerting systems; and a final feature that is most
characteristic of the modern cockpit, the Flight Management Computer (FMC). Collectively,
these design elements comprise what we at Boeing refer to as the Flight Management System
(FMS). Airplanes with FMS’s are often referred to as glass cockpit or high technology
airplanes. The modern cockpit airplane is not really new; in fact, the 767 entered revenue
service in 1982 and was a predecessor of other Boeing modern cockpit designs. Other airplanes
with modern cockpits are the 757, the 747-400, and the later 737 series airplanes (the
-300/-400/-500.) Of these airplanes, the 757 and 767 were all new flight deck designs and were
essentially common. The 747-400 was also all new and incorporates improvements on the
757/767 flight deck design. The 737-300/-400/-500 are upgraded designs from much earlier
flight decks. Collectively, these airplanes, as of December 31, 1992, numbered nearly 2,500
airplanes in revenue service.

Some have said that making available the modern cockpit is akin to letting the Genie out
of the bottle. They suggest we have unleashed significant power but may lack the means to
appropriately control it, or that the power or capability we have provided was not well thought
out in the first place. One researcher has suggested that in the modern cockpit, people are not
sure they understand what is happening. In fact, he indicated in his research the most frequently
asked questions in the glass cockpit were: "What is it doing?" "Why did it do that?" and "What
will it do next?.

Other questions have been asked by researchers and pilots regarding the modern cockpit.
"Is pilot workload up or down?" "Is heads down time excessive?" and, of most concern of all,
"Is the modern cockpit taking the pilot out of the loop?". The comment, "taking the pilot out
of the loop" might be compared to the situation with the genie; who's in charge, the person who
uncorked the bottle, or the genie? :

When one makes an attempt to assess the success of the modern cockpit, one finds there
is limited data available. However, accident statistics are available and perhaps are the most
important data of all. After all, the principal objective, in terms of design of airplanes and in
terms of their use, is safety.
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To understand the influence of the modern flight deck on safety, let us begin by first
looking at hull loss accident rates for the entire history of the worldwide commercial jet fleet.
From the very late 1950’s until the early 1960’s the accident rate with such jet transports was
comparatively high. We saw a dramatic decrease in accident rates during the period from the .
early to mid 1960’s. The accident rate continued to improve until the mid 1970’s but since then
has seen only very slight improvement. For the past several years hull loss accident rates for
U.S. operators have been in the neighborhood of or less than, one per million departures. For
non-U.S operators the hull loss accident rates in recent years have been two to three per million
departures.

To make further assessment of safety, it is next necessary to understand what the primary
cause factors are for hull loss accidents. Data for the worldwide commercial jet fleet through
1992, shows that the flight crew has been found to be the primary cause factor in approximately
70% of all such accidents. The percentage of accidents for which the flight crew has been found
to be the primary factor has decreased only slightly (approximately 5%) over the past 10 years.
The airplane itself is the primary cause factor in only 11 to 13% of accidents. Clearly then; our
most significant opportunity for improvement is in the human factors area and a major goal must
be elimination of such human error as an accident cause.

Let us next look at accident rates as a function of airplane designs. First generation jet
transport airliners, those designed in the late 1950’s and early 1960’s, airplanes such as the 707
and DC-8, had comparatively high accident rates, approximately five to six accidents per million
departures. These airplanes were followed by another group of airplanes introduced in roughly

- aten year period from 1963 to 1974, which included second generation airliners such as the 727,
DC-9, and 737-100/-200 series. This grouping also includes airplanes such as the 747-100
/-200/-300 series, the DC-10 and L-1011. While accident rates for these airplanes is somewhat
variable, they averaged rates in the neighborhood of one to two accidents per million departures.

The final group of airliners are those with modern flight decks. As indicated earlier,
these airplanes entered revenue service beginning in 1982 and include the 767, 757,
737-300/-400/-500 series, and the 747-400. How have these airplanes fared? Very well indeed!
The 767, the first of the airplanes introduced, had a hull loss accident rate at the end of 1992
of 0.35 per million departures, and the 757 had a rate of zero! The 737-300/-400/-500 airplanes
with their somewhat less advanced flight deck designs had an accident rate of 0.57 accidents per
million departures. Although the 747-400 has only been in service three years, like the 757, it
had a zero accident rate. From review of this data we find the airplanes with modern cockpit
designs have the lowest accident rates of all commercial jet transport airplanes.

It would appear something is happening which is very right with our modern cockpit
airplanes. Perhaps a way to further illustrate the area of benefit is to look at rates for hull loss
accidents which are crew caused. The 707 had a crew caused hull loss accident rate of just
under four accidents per million departures. Second generation airplanes, the 727, early 737,
and early 747, had an average crew caused hull loss accident rate of approx 0.60 per million
departures. Airplanes with updated flight deck designs, the 737-300/-400/-500 series, had a
crew caused hull loss accident rate of only 0.23 per million departures. And the all new flight



Circular/Circulaire/Uupxcynsp 243-AN/146 A-215

deck designs, the 757, 767, 747-400 had a crew caused hull loss accident rate of zero! From
review of safety related statistics, one can only conclude that the mpdern cockpit, from a
standpoint of safety, appears to be serving the industry very well indeed.

Review of other available data, such as dispatch reliability, also indicates modern
airliners are performing well. In fact, there is no data, particularly from a standpoint of safety,
that would suggest major errors in design have been made or that significant design changes
appear necessary. It is not my intent however, to suggest that all is well. ASRS and other
sources of data indicate that there are situations where the modern cockpit is less than optimally
utilized. Part of the reason the benefits of the modern cockpit are not fully realized is obviously
related to its design. Therefore, we at Boeing are very much aware that continuous design
improvement is indeed appropriate.

I, for one, however, believe that the most significant opportunities for improvement lie
in the way that we operate modern cockpit airplanes and in the way that we train to them.
However, before discussing opportunities for improvement in the way airplanes are operated and
trained to it may be appropriate to first understand how the designs came to be.

When Boeing or other manufacturers design airliners they first develop candidate design
for flight deck features and then expose those design features to customers. For example, the
747-400 during its design development was exposed to a large number of flight crew personnel.
During this period over 400 flight crew personnel reviewed the proposed design concepts. Most
of these flight crew personnel were from airlines and many of them were typical line pilots.
Boeing’s forthcoming new airliner, the 777, due in 1995, has also had its proposed designs
reviewed by many flight crew personnel, as of March, 1993, over 400. In fact a total of 1,200
people, including pilots, have conducted such 777 design reviews. Remember this is an airplane
that is still well over two years from entry into revenue service.

I do not, however, wish to suggest we simply listen to airline pilots and provide
whatever it is they want. While this might initially satisfy the customer, it may also result in
unwise decisions. Therefore, candidate designs offered by Boeing, and design changes made
in response to pilot inputs must be consistent with good flight deck design philosophies and
objectives. Nonetheless, design features are strongly influenced by users (pilots).

We at Boeing, among other design philosophies, strive for simplification, redundancy and
fault tolerant system design. Error tolerant designs are important and we must be always
cognizant of the workload imposed on the pilots. Most important of all, is that we appropriately
design automation to meet the needs of the human pilot. It is our objective to achieve
automation in flight deck designs that allows pilots to choose a level of automation appropriate
to the task. Other objectives are to assure pilot awareness of the situation is preserved or
enhanced and that appropriate feedback is present with regard to pilot inputs or action. ‘

With such philosophies in mind, let us briefly look at changes that are typical in modern
cockpit design. Horizontal Situation Indicators (HSI's) have long been the primary instrument
by which pilots maintain the desired course or lateral flight path of the airplane. In modern
cockpits like the 757/767, the HSI was replaced by an Electronic Horizontal Situation Indicator
(EHSI). As we thought it important to preserve familiar instrumentation for the pilot, an EHSI
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display was made available that looked very much like the earlier generation electro-mechanical
HSI’s.

Modern electronic displays, however, offer us the ability to display optional information
in the same display space. For example, while preserving much of the course related
information found on early HSI's, the electronic displays allowed us to superimpose weather
information on the same display, so that the pilot could see the weather information without the
necessity to look at a separate indicator. Perhaps most importantly, it allowed us to display the
literal equivalent of a pilot’s navigation chart directly on the EHSI. So instead of simply
displaying information, regarding whether one was left or right of a desired course, one could
show a moving map of the ground based route and displacement of the airplane from that desired
route. It was possible, at the touch of a button, to selectively display other information such as
ground based navigation stations, airports, and optional routes. I believe the moving map
display is one of the most powerful features in the modern cockpit. It has significantly increased
pilot awareness of their position and may be the single most important factor in reducing
controlled flight into terrain accidents.

Another feature of the modern cockpit that has significantly changed the way pilots do
their job is the Flight Management Computer (FMC) characterized by an FMC Control Display
Unit (CDU) provided for each pilot. These CDU’s allow the pilots to access a number of
different displays and to view or insert certain information. The FMC CDU puts incredibie
computing power into the hands of the pilots and allows them to manage the flight path of the
airplane in a manner that is much more highly accurate than was achievable in previous
generation airplanes. Further, it allows the flight to be flown in a manner that is much more
optimal from an economic perspective than was previously achievable.

Other features associated with the modern cockpit are very sophisticated crew alerting
systems (messages), as well as messages of high technology engine indications which alert the
pilot when a parameter is beyond a desired limit. The very latest flight deck designs, such as
the 747-400, have also integrated a great many flight deck displays into a single Primary Flight
Display (PFD). This display integrates airspeed, airplane attitude, altitude, vertical speed, and
heading information that, in previous designs, were all found in separate indicators. Putting
such information on a single display is believed to enhance the ability of the pilot to easily and
accurately monitor the information.

Another feature of modern cockpit designs are synoptic displays which provide system
related information in a user friendly format. For example, a simplified schematic of the fuel
system is provided which shows position of the valves and resulting flow of fuel from tanks to
engines. While such information is generally available from other sources on the flight deck,
these displays allow a great deal of information to be derived from a single glance.

In summary, the modern cockpit airplanes have significantly improved navigation
capability and accuracy. Awareness of airplane position and its progress are obvious at a glance
and route or tracking errors become much more obvious. We see improved system status and

~monitoring information available to the pilot, along with improved alerting and annunciation of
airplane health. So with all these wonderful features is there a reason for concern? When users
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voice concerns the answer can only be yes, and I, too, admit there are areas of concern.
However, I characterize the concerns in a slightly different manner and put them into three
general areas.

My first concern is with the proliferation of information, the added capability. A great
deal of information has been provided to pilots operating the modern cockpit. While this
information adds capability, it also increases the amount of knowledge required to operate and
monitor the equipment.

An example which illustrates my first concern is holding information provided on FMC'’s.
Holding patterns have been with us for many years, long before modern cockpits were available,
and have always presented a complicated and difficult maneuver for a pilot. Because of their
complexity many pilots felt holding patterns were prime candidates for automation and were
included in FMC’s.

Such an automated feature looks like a tremendous advantage to pilots, and indeed it is.
But, the automated feature itself is fairly complicated, as many options are available in order to
respond to the many variables in an actual holding pattern. The holding page of the FMC can
present a challenge to a pilot who has not utilized it in some time. Many such features are
provided in FMC’s and a number may be infrequently used. Therefore, a pilot who does not
occasionally review such information to maintain proficiency may find it difficult to use the
features. However, one alternative is to enter a holding pattern without the use of the FMC as
was done on previous generation airplanes.

The second area of concern is the complexity of some automated features, such as those
that accomplish highly sophisticated calculations which cannot be done by pilots.

An example of complexnty that the pilot has difficulty understanding, is descent planning.
During descent in an FMC a series of waypoints or fixes can be entered. At each waypoint or
fix, the pilot has the option of selecting altitudes or airspeeds one wants the airplane to achieve.
The FMC will then calculate an optional profile between each waypoint to achieve the best
economy. A pilot can monitor the system to assure the desired altitudes and speeds are
achieved, but the actual profile flown may be different than a pilot would choose. Such
differences tend to frustrate pilots because they do not fully understand the choices the computer
is making.

And a final concern with the modern cockpit is its accuracy and reliability. That’s right,
I said a concern is its high degree of accuracy and reliability. When something is highly
accurate and highly reliable there is always the risk of complacency. In other words the pilot
finds that it performs so well day in, day out, that they begin to expect it will always perform
perfectly; they relax their vigilance and potentially fail to adequately monitor.

When designs offer incredible additional flexibility, capability, accuracy and reliability,
one must be concerned about the adequacy of training and strategies for operation of the
equipment. A number of concerns arise with regard to how successful we have been in these
areas.
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First of all with the modern cockpit, we sometimes find inadequate training has been
provided with regard to focus on actual job accomplishment. Training has focused on repetitious
accomplishment of individual procedures to achieve a high degree of proficiency but rarely are
such procedures practiced in a realistic environment. Although some training programs include
Line Oriented Flight Training (LOFT) or Line Oriented Simulations (LOS) using training
scenarios designed to replicate the real world, such efforts are still relatively infrequent.

A second concern with training and operation is that we as an industry have been remiss
in terms of defining strategies for the use of automation. Automation in many cases, has offered
many optional methods of job accomplishment and only rarely have we indicated to pilots which
methods are preferred. One pilot may, therefore, choose one method, while another pilot may
make a different choice. When two pilots are flying together they may not reach the same
conclusion regarding which method is optimal. In some cases the non-flying pilot has no idea
which method the flying pilot will choose, and is therefore poorly prepared to monitor and
backup the flying pilot.

Another area of significant concern is that we rarely tell pilots when not to use
automation. In fact, we often use the automation in an inappropriate manner during training to
achieve the desired degree of proficiency. For example, we have both pilots heads down using
the FMC on final approach; a method we would never advocate in revenue service where one
pilot should be heads up, looking out the window and monitoring traffic. Additionally, we may
create the impression that problems or challenges are always to be solved through highly
automated means, even when simpler means would be preferable. '

Another area of concern in training and operations is little attention is directed to
managing the Man/Man/Machine relationship. In this context the Man/Man/Machine is the
captain and first officer and FMC. In previous airplanes, the flight path could only be managed
by a high degree of communication by the captain and the first officer. Maps had to be viewed,
radios had to be tuned, courses had to be selected, and both pilots had to work together to
accomplish these activities. Further, due to the intracockpit communication necessary to
accomplish the tasks, it was obvious to both pilots what actions were being accomplished. With
an FMC, however, the captain can very easily manage the flight path of the airplane without the
aid of the other pilot. Conversely, the first officer can do the same. In fact, a first officer who
is highly proficient with the use of the FMC may usurp the authority of a captain who is less
proficient or somewhat hesitant to use automation, Under other circumstances, one pilot may
be managing the flight path of the airplane through the FMC without intending to exclude the
other pilot, but fails to communicate what is being accomplished. The other pilot only finds out
what is being accomplished after the fact by monitoring the FMC display.

We have always had a concern with regard to pilots working together in an optimal
manner as a team to accomplish challenges present on the flight deck. The FMC allows
improvement with regard to this human resource problem, or inappropriately managed, it offers
the opportunity to isolate the two crew members on the flight deck in a manner that was not
achievable before.

A final concern is inadequate mentoring during initial in-service operation. With
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previous generation airliners, the way pilots were trained to truly accomplish the job was for a
more experienced pilot to supervise them or assist them during the initial stages of operation of
the airplane in revenue service. While this principle or practice still exists, it has become much
more challenging. Remember, many more choices and options are available to pllots and the
challenge of teaching job accompllshmcnt is heightened. The pilot who is supervising the new
pilot during their entry into revenue service may also focus excessively on the use of automation
to assure the newly qualified pilot is capable of utilizing it effectively. This again may lead to
the perception that it is desirable to operate the airplane in the most highly automated way.
Further, the pilot doing the supervision may have also not been properly trained in optimal use
of automation and may offer little guidance in terms of preferred methods.

It is my belief that we as manufacturers have significant responsibility for the methods
of operation of modern cockpit airliners and for the adequacy of training programs. The
airplane design has significant influence on training programs and operational techniques.
Additionally, the manufacturer offer airlines a set of recommended operating procedures and
structures a recommended training program. Therefore, the manufacturer has a unique
opportunity to influence the ways in which modern cockpit airplanes are operated.

Concerns also exist with regard to the influence of users of airplanes, principally pilots;
who, at times, seem to have an insatiable appetite for more automation. On one hand, pilots say
that they are concerned that automation is taking over, while on the other hand they ask for
more and more features and more and more capability in the modern cockpit. We all know that
users may be jnadequate monitors of performance of highly automated systems, especially those
that operate reliably and accurately day in, day out. But that in itself does little to inhibit some
pilots from asking for more automation. Pilots also, at times seem to have an apparent and
almost obsessive need to solve challenges through highly automated means, even when less
sophisticated means would be preferable. It is difficult to understand why pilots make such
choices, but it may be to prove to themselves that they are indeed in charge of and capable of
mastering the automation.

A final area of concern is related to human factors research. While such research is
essential to future improvement, the potential for benefit is, at times, not achieved. Perhaps we
are not as capable in the use of such data as we think we are, or perhaps we simply have a
- disconnect or failure to communicate between human factors researchers and those of us who
must understand what they have to say.

We must be careful when viewing results of human factors research or human factors
data to be sure it is indeed telling us what we think it is. ‘At times a researcher may examine
a problem without full awareness of outside influences. Or they may be only examining a
sub-element of a problem and the entire problem must be examined before conclusions can be
drawn. Also, problems may not be considered in the context of total system influences. This
is not necessarily a deficiency on the part of human factors research, it is simply the result of
much of such research being done in segmented fashion, attacking one challenge at a time.
Human factors researchers may also identify a problem, but not determine its significance.
Solving insignificant problems, through use of greater automation could add complexity without
any real benefit. Not all problems deserve to be solved. We, as recipients of human factors
research, may also mistakenly conclude that the human factors researcher is calling for us to
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solve a problem when the problem is only beginning to be understood.

It is also necessary to be aware that problem related data often relates to perceptions of
problems. Surveys of pilots may be susceptible to such perception problems. If the question
is worded in a manner that is vague, general, or non-specific, then the answers that one receives
may be less than adequate to fully understand the problem. While perception of problems is
important and often is the first step in understanding real problems, one must be careful to
differentiate when perceived problems and real problems differ.

As previously indicated, I believe we have, in general, provided great benefit with the
modern cockpit. Yet there are clearly opportunities for improvement and we must continue to
seek optimal solutions to modern cockpit human interface problems.

There are cases where the equipment is not as user friendly as it could be, and there are
cases where further optimization of designs is indeed readily achievable. But we must be very
cautious to assure continued expansion of automation is consistent with actual human needs; that
we are indeed solving problems in a way that results in benefit. We must be cautious to not add
complexity, which has potential benefit that cannot be realized as a result of associated
challenges of understanding or operating the automation.

With regard to human factors related data, we as a community must work harder to
assure data which portrays problems is not vulnerable to misconceptions regarding its
significance, the degree to which it is conclusive, or the extent to which it is applicable to
solutions.

Without any changes to airplane designs, training programs offer potential for significant
and near term benefit in managing the Man/Man/Machine relationship. We must assure flight
crews understand appropriate practices for use of automation. Embedding human factors in
training is one element that is absolutely essential to achieving this objective. We must structure
training programs which cause the kinds of decisions, choices and activity which are appropriate
to actual job accomplishment. We must create awareness of when or why tasks or operations
are to be accomplished, create understanding of when non-use or limited use of automation is
preferable. We should embed in our training programs scenarios that have outcomes which
make it obvious to the crew how well they have performed as a team and how appropriate their
choices or actions were. Often times the best lesson learned is one which you discover yourself.

The modern cockpit may not be perfect, but by any measure can only be termed a
remarkable success. While there are opportunities for improvement in design that are
appropriate to pursue, it is my position that there are far greater and more immediate benefits
in us collectively focusing on operational and training strategies for managing the
Man/Man/Machine relationship.

Indeed, we have unleashed the power and choices of the Genie and it is up to us to assure
we are in charge!
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Hazaperko II.B.
JaBupenko M.9.

OYHIANESTANBHAS FHREHEPHAS NOATOTOBKA JETHOIO
COCTABA, KAK CPEJCTBC AKTVBH3ALVKY UYENOBEUECKOTO
®A{TOPA B ABMALNE:

Pa3BrTHE COBPEMEHHO if aBVALMOHHO# TEXHWKK ¥ Beel aBHaLKOHHO~
TPAHCMOPTHO ' CHCTEME CYHEeCTBeHH:M 00pa3oM W3MEHUJIO CONEPRaHWE Tpy-—
Ia JIETHOrO COCTaBA MpW NOXIOTOBKE i BHIONHEHWM mojyeTa. HoBHE cpep-
CTBa aBTOMaTH3allKV YNpaBASHKA CaMOJIETOM, HABUTalKK ¥ KOHTPONA pa-
GoTh YHKLMOHANbHEX CLCTEM OSpyT H2 CeO0f KCNOJHEHHWE MHOTHMX Py-
THHHMX OTepailili B MUIOTHpOBAHMM caMofieTa ¥ Kak OTmMeual HOKTOP
Koralir na nmpemmoymem CYMIIO3KYME MO UENOBSUECKOMY GakTOpY B JeHuH-
rpane, uro "CoSpeSMeHHs{ JVHE FHE IMMJOT ABJRETCA HHRSHEPOM o
AKCRIyaTallil CIORHaX aBHaUMOHHNX KOMIUIekCOoB". BHCOKOTEXHONOTIMUHHE
KaOkHe zrUnara TpelfypT meubied ¢usnueckoi paﬁoqeﬁ Harpy3Ku, OfHa-
KO MpeghABIADT NOBHUEHHHE TPeGOBaHMA K MPOSBJSHND MO3HABATENbHEX
CMoCoGHOCTE ¥ USNOBEKa, YVMEHUD BECTK KOHTPONDL ¥ NPUHKMATDL pemeHUS
B HSCTAHIAPTHHX YCHOBUSX mojera. CoKpailenue cocraBa pKUNAaxa 10
IBYX MEJIOTOB €e3 COpTUHXEHEPa M mfy;maﬂa CYIE CTBEHHO MBMEHKJIO TEX-
HOJMOT¥® €ro paboTH It Tp2GOBAHUA K YPOBHD nePBOHauanbﬁoﬁ nbnpowoa—
Kil TMJIOTOB COBpEMEHHHX TPSHCIOOPTHHX CaMOJIETOB.

Buvecrs ¢ Tem HaOnwgaeTcs CTpeMiEHKE K COKpameHU® CPOKOB 06y-
USHHA 1 3aTpPAaT Ha MOATOTOBKY NMKJOTOB, YNMpomeHHHI mopxon Kk obyue-
HUD Tipofe CCYOHANbHO i* PerRveHTHPOBAHHO Y NEeATEeNbHOCTH MO VHCTPYKIME,
T.€. NO NpMHLMNY "SHaw, uUTO fejan”’, a He NO NpYHUMMY “3Hab noue-
My 4 3auem".

Ot Gouro npeacTabjenye, UTO0 B PYKOBOLCTBAX, UHCTPYKIMAX, COOPHE-
Kax KHCUeplNHBaDIS ONiCaHa periaveHTalBid NeATeNbHO CTH o ne e TBUAM
B OXMIaeMBlXx YCHOBUAX axchﬁ?arauun Y NpY BOSHUKHOBEHMY OCOORX

crryaunfi. FeambHas sKCMIyaTalMs CamMONSTOB NMPOTEKZET B PASIUUHNX



A-222

Circular/Circulaire/Llupxynap 243-AN/146

yCJIOBKEX MOJNET2 Vi HACTONbKO DPasHOOCDa3HC BJIMAHKE MHOI'MX (aKTOpPOB
Ha CSR0MacHOCTH MoJeTa, UTO HEBO3MOXHO AATh MCUepNHBaWIpE pelenTH
Ha kaxne¥ cayuais.

ARanv3 aBYaICHEEY npoucmec¢anﬁ ¥ Cepbe3HbX VHLUNJSHTOB MNOKa-
3nBaeT, YTOH OTCYTCTBVZ TPIyOOKOTO IMOHKMAEVS 33KOHOB &3 POIKHAMKUKM,
NMPUELKIOB MOCTPOEHKA 1 paloTh CYHKUKMOHARJNBHWX CUCTEM 32YaCTy
COBMAWT RATLYNHSHKS B PECNO3HABaHKY CUTY2LWV ¥ NMDUHATKD afekBaT-
HEX TeUeHNT Mo Mapypokaxyw 0Colbx CLTyauny# B MOJeTe.

E xauecCTEe KJaCCHUECKOro Npuvepa 30eCh MORHO NPHBECTH KaTa—
crpoty camosera I'n~{2, npoxcumenuyo MATHANIUATh NeT KHasadm, B aspo-
nopry llepeverbeBo, KOrAa Ha NMPOROJNKSHHOM B3JIETE MPOM3OUIIO JOXHOE
cpaCaTHBaHME CUTHAAUBALLYK O TOXAPSe NBYX ABUTaTeNeV MOUTH ONHOBpE-
ueHHo. [locae MoABRNeHVS MEepROro ckrHala GOPTHERSHEP MO KOMAHIE KO-
M2KEWpPa BHKJOULI OBLT&TeNb, 3aTeM Uepe3 HeCKOJbKO CeKYHMN MOABMJICH
JORHET CUIKAX O MOXAaps BTOpPOTO NBKrarens. HecmoTps Ha TO, UTG
BGJIST NMPOKBZBOLNKJICA HOUbK NMp: MAKCUMaNbHO LHOMYCTHMOV B3AETHOV Mac—
we, a camoleT eme He Habpail Ce30MacHy® CKOpPOCTb MojeTa, KOMaHIMP
NPUHMMAST peleHKe BYRIOUKTH BTOPO# OBLraTesb, a Copruuresep (es-
NYMHO ee BHNMoJESeT. [ peayxprarte Tarkx Oespaccyinyx aelkcrsul
NPOLROMIIO CRaiVBaHie camvoliera. E NanHOl CUTYyalVy sKuMax HE pPacnos-
Hall JOXHOTI'0 cpaCaTWRaKyS CUCTSME CHI'HaJU32LWEK O noxape {BO3HKKHO-
FeHVE ONHOBPSMEHHO NBYX Kpaime pemkix HesaBucHMbX CcoOnTHE, Kak
MOXap ONHOTO ¥ BTOPOTO IBLraTeNf SBJADTCH MPAKTHUECKN HEBEPOATHHN
cobuTHeM), a TAKKS HS yuel Npy NpUBATLK PElieHWA O BHKIOYEHHUA BTO-
poTe IBKTaTSNf CKOPOCTh CawodSTa. SKMMAR, COCTOAWK K3 HBYX OMAT-
HEX NKJIOTOB, COPTHMHXEHED:S ¥ LTYQMaHa OEWCTBOBAJA TOJbKO MO MHCT-
pykury: " CurHan noxapa - BukADYA) mBurartess” 0e3 aHadu3a KOHKpeT-
HO M DGCTaHOBKKEZTbeKO HeBHaHUEN MporpamMil ¥ ONpaHMUSHKE CHCTen:
YNpaBRSHUA BOXHO 06 RCHUTD KATZCTPOGY EamoneTon A-RD .u Ty-144

BO BpeMA NEHOHCTPAU'KOHHEX MOJNETOB BO LpaHuMH. -
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IInnoTy COBPEMEHHOTO TPAHCIOPTHOT'O MACCARUPCKOTO MMPOKOfwn3e—
JNARHOT'O CanoJieTa BBEDAWTCH XU3HKM COJBUOIO KOJMUECTBa NacCarupoB
Ji OTPOMHEE MaTephallbHEE I'@HHOCTV, MORTOMY CUCTEMA IS PBOHaYaJbHO i
NONTOTOBKY NOM¥HA 0C6cCrneurBaTh ueﬁeuanpaaneuﬂoe @yunamearanﬁnoe
Brcee apmal'oHHoe o€pas3oBaHke, ofecneuuBaiiliee pasBUTHE npodec-
CHOHaNBHHX MBECIHTENbHEX CNOCOCHOCTEH, ajanTallMio BHITYCKHKHKaA K Hayu-
HO TEXHMUECKOMY Mporpsccy B aBkaluk. Ilpy ob6yueHWM MKJIOTOB OCHOB-
HYe 2aTpaTh CBA3aHL C JEeTHOW MOJAroToBKOl, NOaTOMY ycukieHue ¢yHpa-
MEHTaJbHOT'O 0CpanoBaHifl HEHAMHOTO YBEJKUKBaeT o6uy® CTOMMOTH MOJ-
roToBKL (cxadbin v IY.

Bawxsoe sHaucHue B cucTeme oCpa3OBaHKA MMEET ee TyMaHUTapi-
3alufi ¥ TyMaHuBauks. BEuCwaf mkojga NOJKHA HE TONbKO J2BATh Y3KO-
HanpaBJeHHY® NMOLNOTOBKY, HO M CTOpMMPOBATH JMUHOCTb, BOCIUTHBATH
I'paRIaHCKéEe KaueCTBa, HAYUUTh COBPSMEHHBN fOopMaM MEXIMUYHOCTHOIrO
OGWeHLR, YMEHND KMTb B OHCTDOMEHADIEMCA MHPE, Da3BMBATh CHocob-
HOCTb ocaansaib HOBY® KHTODallip ¥ npiHuMaTh s¢feKTHBHHE pemeHus.
Tl'ymMaHucTyUecKye KIeant! B CO3HAHLKY MOJOLOTO cﬁeumanMCTa'nonmﬂﬂ
yTBEepIUTHCA Kak 0e3yCHOoBHHE MOpaJpHHE HOTME MOBEJSHKS, KHCKIDUa-
me NpuHATKE OSZHPaBCTB2HHOTO pPeuleHKS HS JOOM 5TaMe EK3HEHHOTO
MyT¥ Ii Ipexie BCETO B NpofeCCuoHaNbHOV NeATeapHOCTU. B CBOEM
NPeNCMEPTHOM T ChME (U3KK-fIepiMK akamemux JleracoB BMHY 3a Tpare-
ivp YepHOCwIIS BOIJNOKKLI Ha BHCHYD MHKCHSDHYD WLKOJNY, KOTOD2A MOA-
roTOBKJA CHEellalliCTOB C TEXHOKDAaTHMUECKKM 3aMKHYTHNM MUDOBO3SpPEHHUEM,
C HU3KMM YPOBHEM HpaBCTBEHHON, oCmel N rTexvuueckol KyJabTypH.

3§MM TaK¥e MOXHO OCHACHUTH TS CO3HATENbHHE HAPYLEHUS NPaBUI
nonewos,'neonpaauaﬁﬁaﬁ prCK B NUMHATLK DPelleHMi, KOTOpHE CO3LawnT
HETNOCPS ICTBEHHY 0 Yyrpo3y (G£30MaCHOCTH NOJETOB HY B UEM HENOBMHHBEX
nmaccaxvpoB. Tparemuk ¢ camoieTror “A-{2 B ['aBadHe u3-3a Ge3paccyn-
HOTO peueiifi B3JET2Th E YCJIOBUAX TPOMMUESCKOTO YDATEHHOT'O JKMBHA,
¢ cavoneror Ty-Ibf B aspomopry TOumicu K3-32 3aBENOMO NpPEBHIEH-

Hoil B3RSTHON MaCCH ¥ 3anpenespHo-nepeasxef: LeHTPOBKM, NMpeHebpexe-
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HAEe MpefyNpemMTeNbHON CUTHanMzalmeli onacHOrG COMMKEHHA C semne i
Npy Mocanke B CJIOXKHHX METEOYCJOBMAX ¥ ApYyrue aBUALMOHHHE NpoKc-
'WEeCTBUSA 33CTaBASOT HAC NMEPECMOTPETh OTHOMEHKS K BOCNUTAHMKL JET-
HOI'0 COCT&Ba . A

B OTHMUMé 0T CymecTBOBaBUEl Ha MpOTEXEeHUM AecsrineTull B
NETHHX YuuMaumax npodeCCMOHaNbHO-TIPMKNAAHO I NOATOTOBKM JIeTHOTO
cocraBa B HKEBCKOM MHCTUTYTES MHREHCDOB I'DAXfaHCKOV aBralMyu BHe[pe-
H2 HOBaf CuCTEMa OOy4YeHus JETHOTO COCTaBa, couérammaﬂ rymaHUTap-
Hyw, fyHIameHTaNbHYP O00mEHayUHy®, VHRSHEePHYD ¥ NpodeCCHCHAJbHYD
nonroToBRY . (McTema €Wna OTpaboTaHa B TEUEHKE [5-neTHETC OMMTA
TONTOTOBKA COPTHHREHEPOB Ha camoNeTH nepBOro kjacca U ceiuac
TpaHCTOTMUPOBaHA B CUCTEMY MOLI'OTOBKM MMJIOTOB-KHREHEPOB OJNS BO3-—
IVEHEX CYNOB HOBOTO MOKOJEHUSA.

HoBasm crcrema 0o0ecCneuuBaeT HaNpaBJEHHOS Ha CYyIyUyD JETHYD
npofeccrw BHCLEE aBla liOHHOE 06pa30BaHKe cneuuanucTa. Hayummit
noreHyan HreBCKOrO MHCTUTYTA KikeHepoB ['A, HACUMTHBalIMi CBHme
100 noxTopos TEXHITUE CKUX Hayk, npofeccopoB ¥ okxojo 500 kanauia-
TOB TEXHUUYECKVX HayK, NOTEHTOB ofecrneuuBaeT (yrnIaMEHTAaJNbHYD HH-
¥CHEPHY® NOAPOTOEEY, ODYEHTHPOBaHHyD Ha TNEPCHEKTUBY Pa3BUTHSA aBHaIM.
YHuKeNsHAS yueOHOo-NafopaTopHas 6as3a UHCTETYTA M JETHHX yue GHuL:
3aBE2HUY YKpaMHH COBHaeT<BOBMORHOCTM rny6oKoro NO3HAHUA aBUAlMOH-
HOY TEXHUKM, COUSTATH TEOPSTVUECKY® ¥ NpodeCCHOHaKpHO-TIPUKISAHY D
NMOLMCTOBKY CTYHNSHTOB. Tak, HalpiMep, Ipd MOANOTOBKE OODPTUHREHEPOB
Ha 3aKIMIKTEJBHOM sTaile OOyUeHLS OTPaO0TKA ONSPATOPCKUX HABHKOB
OCYUECTBISETCH B TEUSHUE CEMUNECHTX UaCOB Ha ¢YHKUMOKAJbHHX M
KOMIJICKCHYX TpeHaxepax. 3aTeM NpMoOpeTeHHWE HaBHKK M YMEHMA 3a-
KPEnnfanTCA B MPOXSBONCTBEHHHX YCIAOBUSX B Npolecce Ha3emHOW U
JISTHO ¥ npaanx;

ITFEeKTHBHOCTh pA3paf0TaHHOl CHUCTEME Yy0eIMTSAbHG IMONTEE DRIE-
Ha vcnewdHod pefreabHocThid eBbiie HOD BHIYCKHMKOB nﬂcénTyTa, rnoji-

TBSDOYBIKX BLHCOKK YpoBeHb TecpeTrHueckoll ¥ NMpakTHYeCKOR mOAroTOB-
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KK, YMEHMWIDMHUMATH NMpPaBUJNbHHE DPENMEHWS B 3KCTPEMalbHEX CUTYaIMAX,
CBA3aHHUX C OTKasaMmy aBUAlMOHHON TEXHMKM B mnojere.

llpuBeNy nvmb oOMH mpumep. MockBa, aspomopr BHykoBo, 1990 rog.
lloxap BTOpOoro nBUraTeNs npy Banere camonera Ty-Id4. Jxcmeruep paer
HEeNpaBUIBbHYD KHTopvalwnw " Bac ropur Tperrit mBurareiss". BopTHHEXESHep,
BHMONHADMM Y BCETo JMIb TpeTHl camoOCTOATENbHHN MojeT, MpaBUJIBHO OLE-
HUBaer cutTyauum U peficTByeT B COOTBETCTBUM CO CIOXMBHMMMCA 0O6CTOA-
TENbCTBAMU .

| [lpuBeneHHu P Hamy aHanyu3 neﬂTeanocrn.anycanxos HHCTUTYTA

NO3BONAET ONHOBHAYHO KOHCTaTUPOBAaTh 3HAUMTENLHOE MOBLIIEHWE YPOBHA-
06c30MacCHOCTH MOJETOB, He OHJIO HM OMIHOT'O CEpbe3HOr'0 MHUKIeHTa, CBf-
38HHOTO C HENMpaBUMLHEMKM NefCTBUAMM HAWUX BHITY CKHUKOE . |

B cooTBeTCTBMM C NMPUHATHM B JKpauHe 3akoHOB 00 06pa30BaHMK B
HaCTOAWEe BpemA Yy HAC BHENpASTCH MHOIOYpOBHEBa2f moaroroska (caaiin “2).
Ha Bcex ypoBHEX ofyuenus olecneuuBaeTcH LeJeHaNpaBleHHas aBUALMOHHAA
NONT'OTOBKA, B TOM UKCAE ¥ B oCNacTV BIMSHMS UeJoBeuecxoro ¢axropa Ha
GezonacHoCTh noseroB. [lepeufl yposeHb 00pas3oBaHKA B TeueHue ABYX JeT
qﬁecneuunaer o6ucHayUHY D, TYMaHUTAPHYG U OCuUeMHNSHSPHYD NOATOTOBKY .
ﬁa aToM nTane FOPMUPYDTCA HeOoOXOmMMBE HaBHKU camdcmonrenbﬁoﬁ yueb-
Holt paGoTH, o6ecneunsaeTes passuwﬁe MHTEJNE KTyalbHHX cnocofHocTe!
o6yuyaemHX . .

flo pe3ynpraTaM KOHKYPCHOTO OT60pa Ha BTOPOM YypOBHE NpOJOJIKaeT-
CA rymaHMTApHafs ¥ MHXEHEpHas MONrOTOBKa, a Takxe npofeccuoHalbHad,
B TOM UWCIE JNeTHad, NMONreTOBkKa, obecneumsBapmasd NMOJYUYeHHe aumioma Ga-
KajaBpa MO nHKCMiIyaTalluu BO3YUHOTO TpaHCNnopra ¥ CBHAETENHCTBO MJaji-
mero crnemmanucra (muiora, CoprmexaHuka). Ha arom ypoBHe oCecneuuBa-
ercA FfyHoaMerTalbpHOE MHRSHepHOE 00pasoBaHue Mo Npoduan cneUMalucTa.

TpeTult ypoBeHs MpSACTaBRAET BOSMORHOCTb YIiy6aerHod mpofeccuo-
HapHO M MONIMOTOBKM M KBaJKFHKATWU nnnnomuponaﬁﬂorb crielpanMcTa

(nuioT-NHXEHEep, OGOPTHHREHEP) -
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[lpv mocTpoenvn gMmakTUUeckxoff cucTeM nop.m'rosxu'cneuua.vmc'i'os
B OCHOBY OHJa NOJIOXSHA KOHUEMLWA NEATEJbHOCTHOTO MOAXOAa K OCYUEHMD
¥ BoCrMTaHW® CYAyEHero cnerMainycTra ¥ JMUHOCTHM, CNOCOGHON K CaMOCOBEp—
WEHCTBOBAHKL. [lpy 5TOM mpuopUTET NaeTCs NMpUHLMNAaM OCYy4YeHMdA, MO3BOJAAD-
| MM pasBUTh MPOGeCCHOHAJbHYE MLICHKTENbHWE CIIOCOCGHOCTH M yMeHMA AcieT-
RCBaTb B HECTAaHJapTHWX cuUTyauusx. { 5Toli LEJbD B HONOJHEHWE K TPaiu-—
LUMOHHEM IMCUMIUIKHAM BBEIEHH TaKue KaK JIOrMKa, TEeopusA NpUHATHA peme-
‘HUfl, npakTHUeckasd NCUXOJOTUS M BAJEOJOTHA, JETHAA DKCILIyaTalms M
6e30nacHOCTh MOJETOB [IpelyCMOTpEHa CHCTEMa AMArHOCTMKM mpodeccuo-
HANBHO BaXHHX ¥ OMACHHX KaueCTH Oyyumsx CnelMamuCTOB ¥ KX KOPpEeKLMM
B rnpoliecce mnpofeccuoHalbHO ¥ NMOATOTOBKU. FaszpalaTHBalbTCA ChnelMaiM3u-
POBAHHWE TpEeHaxeph, CIOCOGCTBYDMUE (T:OpAMpOBaHP;D npoge CCHOHaMbHEX
MHCIVTENBHEX CTIIOCOGHOCTE M 1 HABHKOB NpUHATUD pemeHn/i B 0CoOHX CHTya-
TIMAX noJjeTa. |
CopuypoBaHMe yueOHHX IUIQHOB M NMpOI'PaMM MPOM3BOAMJIOCh Ha OCHOBa-
HUK MOLENV Creumaaucra ¢ yueToM TpeboBaHmii npo'mosa Pa3BUTEA aBUa-
MK ¥ KBauutHKaIKOHHO XapaKTepHMCTUKM CrieUmaJmcTa.
B macrosmee BpeMf MHCTATYT TOTOBUT Ha BOCBMU faKyJbTeTax

A

(cna?n ™ ) vHKXSHepoB mo O CNEelMaNbHOCTAM ¥ CNelMamM3aLdAM Liaf
Gonee uem 8C crpan. VmewTcs pesepBbl LIS NOLTOTOBKK aBMALMOHHEX
CNEeLMaNUCTOB DPAa3JKUHOTO NpofWuid Ha ROCTATOYHO JAbTOTHHX YCIOBUSX

(I5D0 - 200C poanapoB B rofl 3a TeopeTHUeCKoe obyueHme).
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ICAO Flight Safety and Human Factors Symposium,
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The other side of automation -
A challenge for pilot training

Capt. Dieter Schlund, Head Cockpit Crews
SF/O Martin Wyler, Assistant Head Cockpit Crews
SWISSAIR, Swiss Air Transport Company Ltd., Zurich

1. SITUATION

Before we can answer the qucstibn, how to train pilots for modern cockpits, we have to
look into the technical specialities of the advanced technology flight deck, and its effect on the
crew.

What we first notice in a modern cockpit, are the flight data display and arrangement, the
refined simplicity of the control panels and the high degree of automation. This has given the
crew better situational awareness and a reduction in the workload.

2. THE NEW RISK FACTORS
2.1, The complexity and interdependability of the cockpit systems

With the help of automation, faults are generally easier to deal with. Some examples here
are synoptic displays, ECAM, flight warning computers and dark cockpit philosophy. Due to the
high degree of integration, however, we're beginning to see previously unknown faults, which
lead to unexpected combinations of warnings. This actually makes it more difficult to analyse
what has occurred. It's not easy to say what effect this has on flight safety, the complexity tends
to muddy, or black out completely the clarity of system status.

Faults in complex systems can have more serious results than in simple systems, and
they're more difficult to track down. Paradoxically there's an old aviation adage which sums it
up: "The higher you go - the further you fall!'

2.2. Extreme variations in work load

The increase in automation has led to the pilot no longer playing an active role in the
system. On longrange flights especially, the problems of boredom and monotony have increased.
The obvious human reaction is carelessness and premature fatigue. (When I look around the hall
here... I can see you're getting my message!).
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If, on the other hand, events depart from programme, peaks of workload occur, which are
difficult for the crew to deal with. This is directly attributable to the mass of automatic actions
happening in a modern cockpit, thousands of potential faults, waiting to be dealt with.

2.3. The shortcomings of softwaredriven systems

On softwaredriven systems, we're getting isolated, non reproduceable faults. They are
often caused by electromagnetic interference, and aren't the type of defect we've been used to.
They're not irreparable faults - we're seeing unique appearances, which then repair themselves.
These defects are inherent in the systems, and the crews often give up when faced with them, and
never do find out what caused them.

Faults in software, even when discovered, aren't so easy to repair. Changes in the software
are often accompanied by new faults. The data banks ~ basis of the digital technology, have
become so huge, that it is almost impossible, to keep them free of faults. By all this, we can see
that all the precision which we believed to be inherent in digital systems, is in fact based upon
blurred, faultridden information.

The built in software dictates more and more the operation. If the crew wants to fly
something other than what is programmed, they either have to forgo any support from the
automatics, or they have to do some very clever juggling, to get the system to play along.

2.4, The erosion of good airmanship

The introduction of fly by wire has made it possible to define a flight envelope, which
the pilot is unable to exceed. This... well..'wing clipping' together with the fact that the control
inputs of the pilot are refined by a computer, raise the question of the influence of the pilot in
a system such as this. The user friendly panels allow the pilots to push buttons according to the
rules of play; they won't let people get any closer to the system 'though. It's this sort of thing,
which makes a pilot begin to think that 'maybe someone else is in charge here!' There's a distinct
danger that he'll, at least in part, abdicate his responsibility for the operation of the flight. It's
important, in this connection, that not only the manufacturers, but the operators too, are clear in
their minds, that the responsibility for having a function carried out correctly is met by the man,
irrespective of whether the man or the machine carries the action out. (Here I should point out,
perhaps, that I am using the term 'man’ in the generic sense, to mean what these days in
Washington, is called a 'person').

Actually, it can be proved, that pilots let automatics get away with actions, which they
would not have accepted from humans - including themselves.

Having such a large amount of systems, it's necessary - and the general dependability
reinforces this attitude - that the pilot must place a lot of trust in them. This fact undermines his
natural healthy mistrust. It's getting more difficult for Joe Pilot to know where he can place his
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trust and where not. As technology gets closer to perfection, we notice a certain carelessness
creeping in, which we certainly don't want in aviation.

Largely as a result of cockpit layout, there is a danger of too much headdown flying, with
a consequent deterioration in lookout.

It's long been proved, that the increase in automation discourages hand flying. One's
confidence in one's own flying skill is reduced. If we switch off the automatics, especially if they
have been operating at a high level, we lose some of the picture. This has tended to lead to a
reluctance to switch off the autopilot, autothrottle, or whatever, although a difficult situation could -
have been more easily mastered in this way.

3. POSSIBLE SOLUTIONS

There really are some useful -areas where we can try to eliminate the negative
manifestations of the trend outlined. Here they are:

By improving the contact between man and machine with a human orientated bias.

By changing traditional operating policies, to adapt to the technology at hand.

By improving the communication between maintenance and flight operations (a 'whizz kid'
is not necessarily the best Technical Pilot - a straight soldier may see a fleet problem
earlier).

By solving software problems more quickly.

By adapting the ATC system to the cockpit technology, in order to make the most of its
potential. , :

By training the crews and engineers in a more suitable way.
4. TRAINING CONSEQUENCES

The problems we have seen can't be solved solely by improving the man machine
interface, although human orientated development philosophy is gaining in importance. Right
now, however, I intend to concentrate on cockpit crew training, which is all the more important,
since there's no immediate improvement to be expected from the technical sector. We must learn
to accept the disadvantages, which presently go hand in hand with the new technology, and to
deal with them.
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4.1. The Extent of Training Needed

Flight training will have to be carried out as it always has been. In addition, every new
automatic system created to ease the pilot's job, must be fully understood by him; if it goes
unserviceable, the man has to take over the function of the machine. The consequence is more
extensive training. The training quality must improve, if the time required isn't to increase.

Lets's now see, what top quality instruction entails.
4.2. Instructional Methods

Traditional training methods are no longer suitable for teaching modern aircraft systems-
handling. What we used to do, was give the trainee a picture of the whole, by teaching him about
each individual part, like making a jigsaw puzzle. This method is too demanding for a student,
faced with modern complex systems. You see, in the dynamic state, there are so many different
ways in which the subsystems interact with each other, that it isn't possible to achieve a general
view, from the standpoint of the individual components.

A much better way of going about it, is total immersion introduction. In this method, the
aircraft is presented as a whole. From the very beginning the aircraft is flown and operated by
the student. The operational experience he brings with him, is continually added to, and as the
logical relationships between the systems are understood a solid base of knowledge is achieved,
which remains in the memory (the learning by doing approach).

Typical for a course based on this method are:

The intensive use of simulators from the earliest stage (full flight or fix-base simulators
may be used here).

CBT or computer-based training, which is especially suitable apart from other reasons,
due to the obvious possibilities for animation in the graphics.

LOFT or line orientated flight training, in which the connection is made to daily
operations, so that crews can use their line experience to assist their personal learning
curve.

4.3. Complexity

In the future, computer technology as a pilot's subject is going to be imperative. The
assembly, functioning, then data transfer conformity of software driven systems must be
understood. It's also important, to know about system redundancy, the effect on behaviour, of
bugs in the system and to understand all about available computer modes.
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Integration of systems, has become a science of its own.

4.4. Resource Management / Human Aspect Development

The most efficient use of all the resources available (more of them all the time) has
increased in importance in the modern cockpit. The best method to train resource management
(and here we mean not only the systems, but the combined brain power of the crew) is in LOFT
training in the simulator.

Good crew teamwork is the irrevocable prerequisite for safe operation. A modern cockpit
offers many different ways of solving a problem, which requires optimum crew cooperation and
communication. (What's he going to do? What does he want me to do?). Here people are
involved, with all their strength and weaknesses, who have to get along together. If we look at
the man as an integral part of the system, we see that CRM-Training or HAD-Training (human
aspect development as we call it) has become a necessity. Technical training is no longer enough.

4.5, Self confidence

Recurrent training courses must be set in a way, that every pilot has confidence in his
flying ability. The manual option has to become a genuine one, under any condition.

For longrange crews flying enlarged crew missions, extra simulator training may well have
to be offered.

If pilots are not to feel defeated by the advanced technology flight deck, a high degree
of self discipline is required. Only those who refuse to be intimidated into working in the same
way as a machine themselves (which today's cockpit technology makes the pilot do) can make
use of the strength of the human in the system. There will only be genuine redundancy, when the
pilot behaves as an intuitive decision maker in the man/machine system. He can only do this,
when his level of knowledge is high enough, and when he is well trained. We can stop the
erosion of good airmanship by bolstering our pilot's confidence in their ability.
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TRAINING FOR COMPUTER ASSISTED FLYING (CAF)

Captain Matti Sorsa
IFALPA

1. Training in the systems context

Training is an integral part of the life and career of any airline pilot. Unlike many other
professional people airline pilots regularly go through various training sessions practically until
they retire.

Computers is another essential element in the everyday working environment of the
airline pilots whether we like it or not.

It is thus more than natural that the International Federation of this aviation community
is very interested in the combination of these two crucial issues: computers in the aircraft and
training for their use.

IFALPA is very grateful to have the opportunity to present the views of professional
airmen in this ICAO Symposium of greatest importance.

It is necessary to understand that training has no independent value as such. Training is
a part of the system well described by Dr. James Reason. In this system earlier decisions
concerning hardware and software design of equipment, procedures and company policies behind
them as well as overall socio-economic climate will dictate most of the end-result, the flight
safety.

Training during this process is indispensable, of course. But it has definite limits, It
should not be misused as a cover-up of wrong decisions. Pilots are by definition extremely
adaptable. They will probably learn to fly anything that has some sort of wings. But human
adaptability should not be used against humans. What does it really prove that pilots have passed
conversion courses to advanced technology airplanes? Not much. Perhaps that with strong
motivation you can pass almost any course. It certainly does not prove that these aircraft have
been designed in a manner suitable for human operators or that the training system is optimal.

Training is too important to be used as a trash-box. It is irresponsible and intellectually
lazy to argue: well, training can handle this or that when decisions are immature or simply
wrong. In addition, if the training sub-system in itself is badly designed the unfortunate trainee
shall then carry the burden of the sins of all involved, from the ignorant to the nonchalant.

2. CAF and its s_pecific demands for training
Computer Assisted Flying (CAF) is a term we in IFALPA prefer for automation. The

basic function of the pilot has not changed too much. The pilot is still the human tasked to be
responsible for the safe and economic execution of the flight. Just think about the 100% freedom
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of the pilot not to do so.

Technical assistance to the piloting task has changed a lot during years, of course. At the
moment the order of the day is the assistance provided by the computers. We think that the CAF
is an accurate term to describe the relationship between the pilot and the automated technology.

When components change in any technological system, training should reflect that
change. But it would be simplistic to approach this requirement by concluding that training
should aim at these new components only, in this case computers and their direct effect on the
autopilot. And yet, this has been the case in many instances.

Back in 1981 a major U.S. carrier started their B767 conversion courses with the idea
that the students should program the FMS from the first training period. The first periods
were 90% of time concentrated attempting to learn the FMS and 10% learning to fly the
simulator. Only after a couple of years the established B757/767 pilots managed to
convince the training department that the first few simulator periods should be devoted
to manual flying. When this conceptual change was executed an immediate lower rate of
failures - and happier students - resulted.

The CAF is a major conceptual change in the over-all operation of the aircraft. It is a
new way of thinking having wide implications from the flight planning phase to all aspects of
the actual flight operation. Qur B767 example is a reminder of the way the conceptuality of the
CAF was underestimated in the beginning. Either the conversion course was handled with the
same old syllabus plus some isolated facts about these new gadgets. Or even worse, the
conversion course handled the basic airplane as a kind of a secondary system and concentrated
on teaching these new magic things. The result was a lot of rather horrid flying along the
infamous magenta line.

The CAF demands a new way of thinking. Due to its inherently totalistic nature it is
essential that the training takes the operation of the aircraft into account very early in the
instruction of the hardware and software. In practice the training for the CAF should integrate
this level of technology to the decision-making, communication and leadership concepts.

Computers have a profound effect on the workload distribution and time-sharing, long
and short term. If these elements are not made clear from the beginning the students will get a
twisted and over-optimistic picture regarding the role of this equipment. Incidentally, this aspect
has another implication. Only the real-world operator can competently teach these skills of the
new technology to the future operators.

3. Learning to use the computers

Training upwards-along these lines requires that the training system uses intelligently and
economically the CBT (Computer Based Training) and FTD (Flight Training Device)
opportunities. The fact that these devices are not airplane look-alikes should not make us think
that the operational aspects can be left aside. Quite on the contrary. The computer used without
operational emphasis is a fairly worthless thing for an airline pilot.
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Next aspect of this CAF training is that it should be aimed at crews not individual pilots.
Typically the errors in the use of computers are crew errors or mistakes. All traditional CRM
concepts should be present when learning how to fly effectively assisted by computerized
systems. The instructors should be line pilots specifically trained at the questions of the human
interaction in the flight deck. The computer system specific problems related to the cockpit
communication and workload distribution should become clear before even approaching the very
expensive FFS (Full Flight Simulator). In the FFS the most effective way of teaching and honing
these skills is the LOFT (Line Oriented Flight Training). It should appear very early in the
syllabus and carry the main burden of that phase of training.

Perhaps the most important phase of the CAF training is, however, flying the line with
the route instructor. This practical familiarization phase requires that the right people are
carefully selected for this task of route instructors. Their training is worth of a major investment,
because their deep understanding of the system implications in the CAF determines how the new
pilots learn to use the computers in'an optimal manner. As the very nature of the computers
implies abundant degrees of freedom to the conduct of the flight it is essential to learn early
which applications are safe and efficient and which not. Otherwise the risk-analysis of the new
pilots may not be based on realistic presumptions. The freedom of choices is not a negative
factor as such. It can enhance the performance of the pilots by making the work more creative
and satisfying. The only problem is that as there are so many alternatives and as you do not
really know all the software combinations it is very hard to learn by trial and error what you can
do and what you should not even try.

4. Learning to live without computers

When especially aircraft manufacturers train pilots their natural emphasis is on the
positive aspects of the new technology. It is however equally important to learn how to fly
without these new aspects of controlling the airplane. In fact, redundancy is one of the key
words of flight safety, now perhaps more than ever. In the CAF there are two distinct kinds of
redundancy, voluntary and involuntary.

Voluntary redundancy is the basis for the intelligent operation of the aircraft. From the
Human Factors point of view the issue is the control of the cockpit workload. As all line pilots
well know the computers create their own particular kind of a workload pattern. Sometimes it
is painfully far from the optimum. Thus for instance the computers have a well-recognized
tendency of setting the workload level ultra low during cruise phase of the flight. Equally,
during approach these modern wonders can demand so much attention that pilots have too little
mental energy left to the rest of the operation.

This is where the voluntary redundancy can really save the day. We should never forget
that computers are there to help the pilots to fly the aircraft. Learning from the beginning when
to switch off totally or partially is a major component in the ability to operate the aircraft in a
professional manner. In this kind of a learning the LOFT is probably the most effective training
tool. Living through situations where it makes sense to revert to manual functions in order to
optimize the workload is a major learning experience. Training should give the pilots mental
models and preparedness io reduce the level of automation when needed. Desperate clinging to
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the automated devices is not a sign of professionalism.

The age-old cross-checking concept is another form of the voluntary redundancy in
action. There are too many examples of Standard Instrument Departures (SID) flown by the
computer and never independently checked by the pilots.

The famous Bombay SID confusion was reported by one of our senior members: In
Bombay there is a departure called SUGID 1. Now, if you try to find that in your FMS
page you quickly run into something abbreviated SG1. The next page would give you
SUGIDI if you ever got that far. You should. SG 1 is quite another SID called
SONGADH 1. The consequences of this situation when actually flown without redundant
cross-checking are obvious to this audience.

Involuntary redundancy is another training issue. When the computers gracefully leave
you when you most needed them the tfaining really should have given you ample amount of
mental models in order to cope with the situation. We should tell the new pilots that these
devices may not always work as advertized. The surprise is most unpleasant if the training has
always emphasized the maximum use of automation. That kind of a training concept is totally
unfair to the pilots. This requirement for preparing pilots to operate with different levels of
automation is nothing more or nothing less that the good old back-to-basics training principle.
The issues of cockpit communication and workload control are particularly relevant here.

5. Summary: Training operational wholes
We pilots feel that flying advanced airplanes, flying assisted by computers requires a
truly integrated training approach. Operational implications of the various levels of
automation chosen or available for use should be made clear from the start.

Mental models are learned in realistic training scenarios (LOFT).

The use of the modern training technology (CBT,FTD) combined with the experience of
real-world line operators as instructors is a basic requirement. ;

The CAF can bring a lot of enjoyment to the work of the pilot and thus raise the level
of his performance if all the available degrees of freedom are utilized. Training should
make this utilization possible.

Redundancy training back-to-basics is another aspect too easily forgotten.

All in all we think in IFALPA that good training will create positive attitudes to the good
old flying - this time assisted by not only your fellow airmen but also by the computers.
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CosepueHCcTBROBaHUE Mpouacca coTbopa u

R-p W.N. Aapumee,.fn-p E.JI. Kak, U.T'. KBrartcea

(Poccusicran degepayms)

P nocnspaHee  AECRTMNETHME HAMETU/OCH OTHET/MBOE YC/ACKHEHWS
3apad,ceyasMeix aucneTdepamu  YBA. Tpya asuagucneTHepoB CTaHCEWTCOA
HeGezonacHw™M 048 HUX camMux. 3HaYyuTeNbHO YHAaWapTCcs W OMONaKUMB2WTCH
MHOrooBpazsHbe MNPoSBABHUSE UepeBbpo-eucUEpanbHof MaTonoruvu. 270 He
MOXET He CrRazaTbes Ha sHPEK THUBHOCTH “ HapexXHCcoTY
“yenozeko-MaWUHHEX"  cucTeM. HeT COMHEHWE B uenecoobpazHoOCTH
MDOBSALHUE WOMMASKCHBIX, AMHAMWYECKUX, MHOMCHaKTOPHLIX KWCcAeposarUh
pon Yenoepedzckoro dawkrtopa (HD®) s Ges3o0nacHOCTW BO3AYWHONO ABUXKESHUE
(en). _

BricOX2aa MCUXOSMOUMOHANBHAS HAMNPRXEHHOCTL WM CAOXHOCTH TEYA:R
asuaavcneTvepos onpeaenseTcs 6oabwuM  KoAMYecTeECM ¢akTopos. K Him

CTHOCRATCA TAKUE , KAK BLIPaXeHHaq HepasHoMepHocTbhb pabovden Harpyswi,
HEOBLIVAMHO BHCOKAS OTEEeTCTBEHHOCTL 2a bBE30MacHOCTE MacCaxupoe U
803 AYWHDbIX cynaoe, .  wpariHe BoipaxXeHHas CTOXACTUHHOCTb BN W
MeTeooBaTarHoOBKM, neduuunT spemMeHu ANng NPUHATUSR peusru,
rUnoAUHAMUA, HaPpYWeHWUR UWpragHoro putMa U gp. 2Tc ABNRETCRA
cbocHoparuend HeolxXeguMocTy  NPUCTanaHoro BHUMAHUMA K Z]0pOBL

aguagucneTyYepos, YNydueHue YCaos8uM UX TpPy¥aa W XUEBHM ce  CTOpOHE
DYKOBOLACTEE ¥ MESAUUMHCKCH CAYXDbl. :

Ana oBueRRTHMEHOMD AOKAaZ3aTe1bCT8a TOoTO, 4YTOo patoTa no
yNpasneHuy BO2AYWHbIM OBUXEHWUEM (¥YBA) wHMUyuKpreT BLIDAXKERHCE
HanmpaxeHuye nouxmuYecKort céepbl W CcCHCEBHbIX PUIMOAOTUHEBCKKUX CUCTEM
oprarzMa, Hamu Bhin  pas3paboTaHus cTpaTerus WM TakTuka oueHxRMN
pyHKUMCHaANbHONC COCTOSHMSE W YPOBHS 2NOPOBbLA asuagucneT<epros.
CyuHoCcTy es 2aknw<aeTcs B KOMMN/BKCHOM OVHEMIHYECKOM
MCU¥0A0rYecKom, MCUXOPUIUCNOTHUHECKOM, PUSHUCACTITUHECKOM,
reMatTonoryuscKoM u BuoxumudeckoMm obcasfoBaHuu AgUcnNeTYepos B  LBYX
dazax aegTensHocTU —~ g ceobopgHbim ot paboTel gE2Hb W 8 pazHbie Nepuofel
peastHoOW aesT2abHOCTH rno YB[l ¢ perucTtpauues Soaee 70 nepemMeH-Hbx
nouMeHeHreM TeCcTUDYoWMX Harpyzox. 2TC nosscAunAo OBBEKRTUERD
NOATBEDAMTE DAZSUTHE [ACCTOBEPpHLIX MNpUaHakos NOYTH NOCTORHHOrO
BbP2XEHHONQ MHTENNSKTY2NBHOMNO W 2MOUMOHANLSHOTO HAMPRKEeHWR MNoj
ENMaHMaM npogscouoransHol AesSTenbHocTY no ¥YBA.

Bne cSecneY4yeHna EbICCKOM 3dPEKTUBHOCTH TpYAaa
AvicneTHeroe, cOXPAHEMUA B TEMEHWE Q/AUTENBHOrO BpEeMeHW Ha  BbiCOKOM
rYpoeHs ux pabortocnocobHoOCTU U 30pPOBLR, a CNEBAO0BATE/NbHO “
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HaASeKHOCTH v tezonacHoCTH ¥81, noTpebosanccek mapogefeHue
v rnyBneHHeX CUCTEMATHUNECKUX MEeXAUCUMMTAUHAP HBIX nccnsaoBarum
ASSTENpHOCTY aswagwcneTuspoe © COoCTZEE asTOMaTUu3IupoBaHHbix cHCTeM
YE, B8 KOTOPHEX WMEHHO Ha a8WafucneTyYepos ACKMTCR OCCHOBHAAR™ HAMPY3KA
nc MNPDUMSTUY. PeueHKWH, BMecTe ¢ TeM eBozMoxHocTM Y B cucTemax YEBL He
£2TrPaAHMUYHE U HEOBXOAMMO WMEThL afeKBaTHHE KPUTERWY OUEeHKM YPOBHS
52B0T0CMOCOBHOCTU U TONBRAHTHOCTU YEACERKa X 0cOobbiM YCcAnoeusM TpYAaa
¥ MMETH CcpefcTsa YNPasasHus uMu. Caenathk 3TO BO3MOXHO AUwb NpW
CUCTEMHOM = UCCNESA0BaHWYU radecTea sbinonHIeMon paboTshi,
ACUXOBUBMUONOTUYECKDH 1K DUIUNOAOTUHYECKOR “CTOWMOCTUT &8 ¢ Uensi
C20eBPEMEHECM KCGPDeKUUU BOSHWUKaWWWX Hapywerui. fog “cToMMoCThbl'
TAECE Mb NOHUMaeM pPazavMHbBIE  IaTpaTs  opradmaMa Ha obecneveHue
MoodeCCHOoHAaNnsHoONH AERTEARHCCTH .

MHOPOABTHUE  KOMMNABKCHHIE UCCNER08aHUR] OONbLUOH riony NAauu
(Sonea S00 dY=2no8ex) a2s8UaAUMCNETYEPOB MW KYPCAHTOE aBHaTexXHWMMECKMX
vuafidbix 2aesfeHuR B8 pazdbie’ Pastl M CHMEeMbl pEassHCeW  AERTeNLHeCTY Mne
YBA v gHEe e&, a Takxe B npotlecce obydeHUs 3TOR npodeccun, nokazan,
UTO AUATHOCTHUYECKUHA NPoUBSC Haae HauuHaTe ¢ oBCASLOBAHMA BHE
paicden A2ATEALHOCTHW W MPUBLINHOM OGCTAaHOBKW, T.2. B BHXOAHOR ASHL .
3TO MOIBOAKET MOAYHUTE “5az0BHET, UCKoAHbE AaHRbe ¢YHKUUMOH2NBHOTS
COCTORHUR 0BCNBAYEMOro,T.H. “TOYKY OTcueTa'® gAas nocaefywuwen ouesHKu
ENAMAHWR CamMol MNPoPECCUOHANDBHOM ABKTENLBHOCTU ra opranusm. Wicnontsys
STY TaKTUKY MWCCABAOBAHWSR, HaMy BbIAO YCTAHOBAEHO, HTO yXe nepeg
Hav“anom patoden cMeHsl, nocae NpeACMEHHOr0 HHCTRYKTAaxXa
oBbHapyxXMeEanTCa CTATUCTHYECKY AOCTOBEPHLIE MPUIHAaKKM “npefcrapTosore!
UHTEANBKTYaNbHOMO W 3IMOUMOHAANEHONO HaNpRXeHWAa, 8 OCHOBE KOTOoPpOoro
AB¥UT ' YoaogHOo-pedABK TOPHLIR MeXaHW3M, "MpegcTapToBee HanpsakeHue
YAANOCH SBIASUMTH AWl MPW CONOCTABABHWKU MNOKaZATeN8M O Havyana cMeHb
C TaKoEBNMW B BHXOAHOW ABHbL npy “Bazcsom  obcnegosaHuu. fanes,
MOTUHHNE CREWTK 8 - NCUXHMUECKOR chepe, = FUDUOCACTUHECKUX W
SHOXUMMYECKKWX CHUCTEMAEX, 32PUKCHPOBARHHBIE 0CAE OKOHYAHWSA CMEHS,
BHEENARKNTCR MPU comocTasAeHWMU WX KAK C  WCXOofHbIMKW 4O CcMeHbl, Tak u
ocoberHo ¢ “HazoBuMU™ panHHbiMKM.  TOAbKO Tako#W AB8YX$asHLIE MOAXOR K
gMaPHOCquecxomy mpoyeccy rnozsoARET OﬁbEKTMBHO; TadUKCHUPOBATDL
Hanuuue ¥ avcneTyepoes BEIDAXEHHOMD UHTENABKTYAaNnbHOro W
sMOUMOHANEHOO Hanpaxedus, HHUUUUP Y EMCTO NPOodECCUOHANBHCH
AesTeEAbHOCTES No YB]. :

Hamu Bbino OTHMEYHYEHO ,4TO NaPakTep VIMeHeHWH HA PasrbiX YPOBHAX
UenccTHOrD opraruvsMa, ofycaosredHsiX NpoPscoroHanbHbM . HaNpaxeHuaMm,
Goll  HEOQWHAKOSLHIM B DazMYMBIX BO3PACcTHEX rpynnax gucneTtdepos. B
CpaBHeHKuK oo CTapuwel S03pacTHoW rpynnon, Y Moaogbix (go 30 neTt) s
MeHBUIEN  CTeneHu  YXYAWanuch MnoKazaTtenad gyHKUMoHANDbHOMO COCTOARHURK
ceppua, cyusecteeHHO Bhiwe Oblau  MoKazaTenAw CokpaTuTenbHon  $yHKUMK
cepayua (Mo gamMHuM YOC u MOK). B rpynne aucneTyepos “ycnewHsix® no
noxkazatensM MpodeccuoHaneHOl ASaTensHOCTW MNpefcMeHHbIE U3MeHEHWR
b4 BHPAXeH: 8 MEHbUEN CTEerneHu, Hexeau y ‘dHeycneudsix® . C noMousi
pazpaboTanHol HAaMM MeTopfuku sce  cbScnegosaHHeie gucnerydeps Gbian
pazfasnsHs Ha 3 rpyniel 1o KauecTsy npodeccroHaNnbHOH
AERATEMLRHOCTH I YCHalHue , CPpefre YOoNewHbe 1 HeycnawHbie. :

Bruin nMpoBegeH aHanu2  UIMeHeHWH B aHa/M3IUpYeMblX cUcTeMax Bo
geayY TPEX oMeHax pabors. 0Kazan0ch, NTO Kak 8 MpegcTapTo8CH ™
pase, T.e. A0 Hadana CMeHbl, TAaK ¥ nog saugHuem paboThl no YE[
HauBonsWwue cABuUry OTMENEHD 8 Caywae paBoThl 8 HOYHYKW cMeHy. 370,
ovEBMAMO, CSRIAHO WM C PEeZKUM HapywerueM BuoprTMa, U CO CHUXSHUSM
akTuBaynu AWM THO-MPUCNOCOGUTENbHBIX MEXaHW3MOB ., MMeHHO no
zagepuwaHi HOYHOHA CMEHDBI zadpuvkcHposaHelr HauvBonouwme UaIMeHeHna
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rnoxkazatenan LEHTP2AbHON reMoavBaMnuKyu (dyHRUNUKM ceppua) U
nepudpepriacxkon (Mo2rosoro  xposgoobpaueHria). Yxe nepeg HadanomMm
HOYHOp  cMeHbl Y 50 % oBCcARfOoRaHHLIKX  AUCMETYep08 CUCTOANY2CKOE
(MaxcuiMans=oe) apTepuanbHoe gasneHve acceTurano 130-175 mM pT.CT.
a puacTonndecxkoe  (MuHMMansHoe) Goino B Npegenax  90-100 MM pT.
OgHoapﬂMeHHc CcTMEYEeHN HAaUBLICWHE CPepHerpyrfosbie  sHaderWs MOK u
VDC A Taxxke Havxyguwee cOCTOsKWE MCINORCIC KpoegoobpaweHa
YoTadogaeHunln $2KT MPUBASK HAWSe BHUMIHKWE, W HamMy Obauv  pazpaboTaHy
CASUUENLHBIE ME8TOoAN U CheacTsa KCppeKUuu ¢YHK4MOH3anOPu CCCTORHMA
¥ paboTocnocobHOCTY Mpu padoTe & HOoUHYW CHMeRy.

feTaneHuls  ananusz  crtatucTudecky ofpafoTaHHux pPe3YAbTaTos
KOMPAEKCHOrD ofcnegosanus Bonbuwel subopXU AUCMETYEPOS MO3IBOAMA HaMm
I[EANTH % moapobre ofMcaTsh LB& ansTapHaTtusHbiX Moxoga
AAANTaUNSHHRIX pearL opraHuszMa Ha . npogeccuarHassHee
UHTESANSKTYANEHO-3IMOUUOH2NEHOE Hanmpaxedwe . 2710 3PPEXKTUSHEIN u
HEaddau THeHnl THMk aganTauiv SAKABUMEe Ha YCNaWHOCTE, Hagexsoc

pafoTe 2@ cuoeTeMax YR v 3850p0BLE gucneTyHepos. BegyiumM ¢=H*ﬂoom.

numwrwpymumk mpoyace - aganTayyx, S8ARETCSH ypceeHe pesepsce
TONBDAHTHCQTH K MPpodeccUoHaNbHOMy XPORUMUECKOMY WHTE2ANSKTYEZNLbHOMY W
MCUXOSMOUMOHANBHOMY HaMDRXSHUI . Nocnepgree Haubonee OTHETAMES
BLIABNANOCE npw npUMeHeaHLl CreuruduYuecrMx W HecneunodrSecKix
HaPPY3OYHLIX TECTOE AC HaXasa CcMeHb, Mo 88 2asepueHuu U 8 ceoBogHuR
OT padoTh feHb.

3¢¢8KTM AR afganTayrs K npodecouoHanbHoOMY Haﬂp9KEHMm urMena
MECTO Mits ¥y 25-30 % obBcneaceaHHbX AUCMETYEPOB W NPOKRBASsSAacs B
YCTOHRMNROCTH . MCUXONCTUHUECKIX, MCUXOPUSHONOTUHECKU X,
PUIKONCTUHECKIMX W ODMEHHLIX Npoyeccos noj savsHuem paboTsl o YBA. VY
ITOR MOMYANRUUM SUCTIETHEPROS COABUIMKM B AHA/MMUIUPYEMBIX CUCTEMaX K KOHUY
pafoden CME8HB MMEAW KpaTKoBpeMeHHuiri obpaTuMbil XapaxkTep 4, ST
oMerE 2aXH0, OTCYTCTBORANW MNPU3IHAKKU nocnggsiicrters” s csobogmsiti oT
paboTe peHs. Bee 3TO YKaz3veano Ha BbICOKY I TOANEPAHTHOCSTH
(ycToftumBsoCcTL) - v 3DDBKTUSHO ajanTtvipogaHHsiX agucreTveccs ¥
NpodecCloHaNkHLBIM ¢avTopamM HaNpSXEHWS, NTO Wi cBecrevnsanc
YCMNBWHOCTh ONEPaTOoPCKOof AEBARTENBHOCTW, COXPAaHEHUNE NCUXKUYECKOrO M
COMATUHECKONO 3I/CLOBLA. ’

Umade ofcTouT pgenc B rpynne  aucnetdepos  {(ux  30-45%),
HesddeK TUBRC 2[/2NTUPRYBIIMXCR K MpodeccroHanbHoMy GakTopY HAaNp/XeHs s
BCNEACTEME HUIKUX DE3IEPSOB TONEPAHTHOCTHM K HeMy . BaxkHo W TC, H4TOo ¥
2TOR PRYMMB  AUCT2TYEPOR HUIKOM  Ohiia ToAepanTHOCTE W K MbIWeYHOM
Harpyvzke (BanpuMep, 3TO BHKRsUN0ChH MNPU Be/n03proMeTpuueckors npcte).
NMpuzHaxky Hesddexk TUBHON afganTaurKi NPOoORASAANMCE Kak 8 da3ze JoCTaTouHo
BHDaAXSeHHON MpeLgCeMeHHOM akTuBaymu MCUXONCTUNECKONO CcTaTyca 2
PUBMNONOMUYECKUX CUCTEM OPraHM3IMa, TaK U Nc  asepusHuy cMeHb!.
KpariHe ReBnarcnpuaTHbLM $aKTOM RBARETCHR COCTORHUE TNoCAefencTBuR: B

¥

ceofoaHun oT patoTu AeHb . Y HeE3PerRTUBHO afganTupoBaHHbIX
aucnert4depos 8o speMf paboTh oTMedanch noxHbie cpabarbiBamusa, ownbiku
TMNa TnponycK®, CHUXEHWEe BHMMaHWR ¥ €ro pacrnpegensHus Mexgy

HabnwgaeMbiMt ofneKTaMU, HEOMTUMANLHOE MPOKRBAEHUE DYHKUMM  MLILABHMR
Vo maMaTty,  CHUMXEHWES | YConewHoOCTW npodeccuoHansHoOW JEe]TSABHOSTH U
pafoTocnocobHocTy. Hanbonee 3aKOHOMEPHO 2TU OTK/AOHEHMA SBbiRSNRAWMCH
TPk 2RCTEEMaNbHLIX CUTYaUMAX, MPW SLiCOKCH WHTeHcKHsHocTH B waM npwu
MONMOTCHHOM paGoTe (HanpuMepd, B HOYRY CMeHY ).

CnepyveT occbo nonqepKHyTb, 9YTO Hea¢¢eansHuﬁ TWN  aganrtayyu
X ocofeHHOCTSM nMnpodeccUoHansHOM  AefTensHocTM. no  ¥YBfl Hapaay ¢
HapyuweHriaMu 8  MCUXUHeCcKol coepe Ccormposoxpancs MHOrooEpasHbiMu
HapyueHU aMK QY HKUMOHAZNBHOMNO COCTORHUR CEPAeYHO—-COCYAMUCTOM CUCTEMDI
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e BUAE yHausHus cepguebueHnit, NOSHILEHUSK APTERUANbHONC AaSENSHMSR MNP
OQHOBPEMEHHOM 3HAYUTEALHOM CHUXEHWU COKPaTUTEeNbHON OGYHKILWW cepaLa,
8 ocnabnernu npouecca ctabuauzaymu pUTMa CEPAUA, HTO 3adUKCUPOBEHS
npW TeseMeTpudyecron peructeayuyr YCC 2 TedYeHue ecel, paboded cHeHbl.
MNepenag: YacToTe CeEpgedHbx COKPaweHKMM NPW 3TOM  Haxeguaucs €
suanazoxHe S0-1460  yaapoe B8 MUMHYTY W Bosee  faxe nNpu HEBLICOKOH
MHTeHecHeERoCTH BAO. WMmenuce W MpusHawky Hapywerus PEMUMORADHOMG
Mozraearae kposoofSoaystus. BCe 3Tu CABUMY NMPUBOZUNAM K GOPMUWPOEBAaHKK
APTEPUHANLHOA PUMBPTEHIUU WUAM  HEMPOUUPKYARTOPHOM AUGTOHMM. Y psaa
SucneTyepcs 3TOW rpynne noBbillanach CEEDThHIBAWUEZSE AKTUEBHOCTb XKpoewu,
woHUeHTDaUMR agpeHanuHa W ateporedHHsx Avnugos. HepocTaTovHanr
TOAEDAMNTHOCTE K HHTENNEKTYANLHOMY 1t 3MOUUWOHAANBHOMY HaMpaxeHul
NPUBOAMT K QOPMUPCERAHUID WHMPOKOro :Habopa® ¢akTopo8 pUcka pPasSBUTHA
zabonegarHuft 1, 2 NEpBYM ovYepefk, CepAEYHO—COCYAMCTOM CcucTeM:l
(npeumyuscTESHHO K MUNEp TOHUNECKON ConesHun), Hapywa-un
AoKUMXUudecKors ZAOPOSLSA c NpUIHaKaMu HERPEHO—NCUXUYECKON
HEVYCTORYUMEOCTU, K CHUXEHWMID. HAAEXHOCTH AERTE8ALHOCTU WU COKPAWSHWUND
npodeccroHansHoro AOANONETUR.

MHoroneTHAR paboTa CcoTpYAHWKOES Halwero KoanekTuea noa
PYKOQBOACTEOM M [Pk MOCTORHHOM YYa&cCcTuu npodeccopa, [OKToOpa Mef.
Hayk KAHA T[M.C. no ouyedHke cCceocTO/HUA gucneTdepos, paboTawuymx Ha

HeaBTOM2TU2WPOBRarHMX cUcTeMax Y8 w B8 pa3rbe Cpoww apanTtauvu k  AC
YBA noone uMx sHEeAPeHM|s B Hawd  a3ponopTul no3BOAUANM | noAY4YUTh
oBBhEXTHBHbLIE AokazaTenbcTsa obaserderms MHOMMX CTOPOH AERATEeNnbHOCTH
npr patorte Ha AC VYBA 4 yYayyHweHWs yYCAosulK Tpyaa nocne BBEgeHWS
agToMaTuzalliv. lMpu 3TOM 2aPUKCUPOBAHO CHUXKEHUE YPOBHSA Halrpyz3KKW Ha
MHOMUE MCHUXUNECKHWME KW PU3UONOCITUYECKUE [(MpoUecCshl. BMecTte <©  TEM
oCHapyXeHe U HEeKOoTOPpble HeraTueHsie nocnefAcTeWf paloTnl Ha AC YEL.
270 ccobeHHO KacasTCA BbICWUX MCUXUHBCKUX W 3MOUMOHAAbHLIX (YHKUMA ¥
cucTeEMel kpoeoobpauenua. JucneTyeram, paSoTamwmm Ha AC YB[l, AoaxHoi
CuiTe NEegbRBASHE MNOosbIWeHHbIE TpebdosaHMR K NpodeccuoHansHo  sax-oiM
wavectTeaM (MNBK). Oms  pgonxHel ofnagats cnocobSHocThi ofecrnedyueaTs
HECBXOAMMY Il axTyanusauun MNCUXOPUSUONCTUNECKOH, MeTaBoNUNECKON M
2auUMTHON coep, EBbICOKMM YPOBHEM YCMNEWHOCTW AERTEAbHOCTW, HARAUYUEM
Xopowero YPOBHA Py HKUMOHUPOBaHWNR PErYAKTOPHLIX ME8XaHU3IMOB
opraHuzMa . Ha KOPOWY e YCMN8wHosTs paboTw © no YBL &
ABTCMAaTUZIUMPOBAHHbBIX CUCTEMAX MOKHO HAQERTLECR AUl MNPU HAAUYKMU Y
avcneTdyepa Heobxoapwumoro Habopa U gonxHoro ypoeHs passuTua MNBK. Mog
NpoPECCUOHANBHO BaXHbIMKM KadecTBamMv Mpd 3TOM Mel MNOoHMMasM KadecTsa
ugnogexka, Oe2 onNpefeneHHCro yposHS PasBuTUSR KOTOPhIX HEBO3IMOXHO
ycrnewHoe sgbhiNnonHeHMe npodeccuoHansHbiXx otazanHocTen cneyuaaucta YEA
e nnadHe obecneveHus Ge3onacHoOCTy noneTtce,

Ponb 2Tof cocTasnaguen 8 HageXHCCTU AUCTIeTHYEeERos § KoHTYEe
YEBR dpeszepNamiHo BENKKA. Nouxodpuaunonoruveckme WU MEAVUUHCKUE
oBonegogaHna  AUCNETHE2POR B8 NabocpaTopHoM 2KCOASPUMEHTE C NOMOoWL®r
TEXHWYSCKHUX YCTRPOWCTE, MOAENURYHWMX OTAEAbHLIE 3neMeHTLl W drarMeHThi
AesTeneHoCeTW Mo YBA, v 2 Moagenx YCAOSHMAX MPW  HEMNOCEeACTBEeHHOM
ENMOAHEeHKY  dvRRUWOHaNEHLX obszaHHocTelr no ¥8A nozsonun HaMm
enigearTs 3 rpynnsl HeobxepuMbix  MNBK - MOpantHO-OPraHdusaTopcxie,
NCUXTADTISTRUE ¥ NCUXOBUBUOANONUMYECKHUE , MEANKO-BUONACTHHECKUE .

1. MopansHO-OPpraHuIaTopckue. 2To rayBokoe meHUMMaHue csoers
NpodeccuoHansHoOre AcAara “ OTEBETCTBEHHOCTMH, YEeCTHOCTH ,
ApUHUMMNUMAaNEHOCTH , AYCUUNAMHUPOBARHOCTH, CaMOKPUTUHHOCTH 1
BhIASDKK .

2. TNouxoncrvdeckue U nNouxodusucIcCruyeckue. 3To Xopowu#
YPOBEH: PazBUTUR MUHTEANNSKTYanbHblX KadecTs, OnepaTtTUBHOCTE, T.e.
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cnccofrocTe % BuicTpoMy NPUHATWIE pPeweHuls 8 CAOXHOM W yacTo
MeHAvUercr ofcTaHoBKE, OMEPATHUBHAR 1 QoAroBpeMerHas MaMaTsb,
SBPUCTUNBCKOE MulllgHWEe, PAa3BUTOE MPOCTPRAHCTBEHHOE MpefCTAaBAEHUE
pazsuTul  obweM  sHUuMaHuAa, CcnocobHOCTh' K ero KXoHueHTpauuu "

NEPERNKNYEHII0, IMOUMOHANEHEZS YCTOWMYMBOCTL, NMOMEXOYCTOMYKUEOCTh.

3. B xa4ecTse caMOCTORTensHon cocTtaenskyer MNBYX Ha ccHoBaHn
HAaWKY  TEOPeTUHYECKKX W MPRakTWHeckux pa3paboToKk BuigenerHa TpeTbs
roynna - Meaukoe-Buonorudeckux NBK. K HUM oTHocuTCcR obuyee cocTcaHue
ZA0pOoBLS W OUBIWHECKOro pPasBrTUa. BaxHobiMKi R8BAKKTCA U AO0CTaTOMHO
ShiDaAXEHHLIZ2 MNOABUXHOCTE, CWUAA W YPABHCEEWSHHOCTE OCHOBHLIX HEPS8HbIX
NpoUueccne & cucTeMax pernynsduu eByucuUsepanbHex $YHRUWMA. K 3Tol rpynne
MBX ™Mbl oTHECAW W OTCYTCTEBUE & shIXOoAHGCM ©T paboThl f8Hb AaocToEepHbix
NCUXOPUSHOAONHLECK X w sucuepo—MeTaboNMYeckux NpU3Hakos
0CTaTOUHCRO npoteccuoHansHoOro UHTENABKTYaNbHC-3MoOUMoOHaANBHOMG
HanNpsXserws u  TeMm Honee AOKNUMHUYECKWX MDUZHAKOB zaborneearvn
CePASYHO-COCYAUCTCH CUCTeMsl W PYHKUMOHENBHOM MCUXO-HEBPOAOINUYECKON
MaTonoruu, [AOCTRToYMHGC  8LHICOXKWE  YPOBE2HbE TOAEPAHTHOCTH OCHOBHBIX
MCUMONCTAMEBCKKWY W BUSHMONOTNMHUECKKWX MoKazaTenseft K nNpodeccuoHansHOMY
W -MOQBRAVPYEMOMY WHTENNEKTYANbHOMY W 3MOUMOHAANBHOMY HaNpaxeHww W K
Ao3WMDoOBRAHHOR CYDMaKCHMManbHOoM OM3IUYEeCcKOor Harpyzke. K sTom Xe roynre

rney OTHOCUTCA cpeaHvH no UHTEHCUEBHOCTHU M apgexeaTHol® Mo
HanpasAeHHoCTH xapavTep npegcMeHHoN akTusauuu HauwGones
MHEOPMaTUMBHBIX MNOKazaTener oOCHOSHLIX PUIUONOMUYHECKKM X CUCTEM W
mcUuxonorMyeckore ctTaTyca, OTCyTcTsuMe cpaszy no okoHYanuu pabtodern
cMeHE  uYpezMepHbiX  (noesnwarumnx 10 % K npeacMeHHOMY YpOSsHN )
IATEHY ThIX , UHEEDTUDOBAHHBIX UazMeHeHur HCC, HA, All, noxkazaTenep

remMoguHamMuky, 2KM v MeTabonvzama, HOPMaNLHOE MNPOABAEHWE  CyYTOYHTH
BUCEUTMUKU EBAXHEHIWMX OBMEeHHBIX NPOLUSCCOR:

Beupy HeoboNanHO SHICOKON ME[UKO~BMONOrMUYECKom “MAaThi:® 3a
ycneiuHyiw pgesTenbHccTs B8 HewTaTHsX, 3KCcTpeMantHbix cUTYayuusax,
HeobxogumMbie “2SsiKW B Maare NCUX0NO0MMYEeCKOoR MOArcTOBKW fonxHel BuiTo
oTopaboTadw 4 Mo BOo3IMOXHOCTU agoBegeHb Ac aBToMaTwusMa B 2 npoyscce
oBby4YeHus ¢ nNoMoOWsw TpeHaxepog. 3TOT NyTbhb coBepuweHcTeoBadua MBK
AONXEH CAYXHUTH SEBCOMLIM BKAZAOM Kak B8 rpoyecce obydeHus, Tak U y
paboTawuyux gucneTtvepos, occberHo 8 AC YB. [lpu aTom Heobxoaudo
WHOUBUOYANUSUPOBATE NPOXOXAEHNE CTAXUMPOBKM U HAYaNbHOWM agantaydu K
npodeccuoHansHON AESTENEHOCTU B cdepe YB[l. CeoespeMeHHoe sBbiasasHUE
HepocTaToYHOro pazsutua NBK M Hapywerusa PYHKUMOHANLBHONO COCTORRUR
No3BOAUT MpoBoauTh o3 AOFpOCBUTEALHbLIE 7 BOCCTAaHOBUTENbHLIE
MEPCOMPUATUR. ZTOINCUXONOrUMHECKAR MOAAEPXKA, MNCUXOTEPRpaANEeBTUYECKUE U
nerapcreeHHbie cpepctTea. Hamn paszpaboTansl COOTBETCTBYWUE CXerbl
sozgencTeug, anpobuposaHHbie & NabopaTopHbLIX W MOANEBbLIX YCNOBUAX.

U3 usnoxeHHoro o4EBMAHO CKONY BenvkKd Tpeboearus K
kKoMnnewkcy NMNBK cneuynanuvcTta no VYBJl. Hanudme W gocTaTouHsii YypOEBeHb
pazertua NBY senleTces 23100M0M BHICOKOW HapexXHOCTU nMpodecciioHaNbHOW
AERATEABHOCTH gucneTdyepa, a cnegoegaTenbHo M HesonacHocTw BJ.

Beugy 6Gonswon 3IHAYVMMOCTW MCXOQHOrO YPOBHS passuTMs
kKoMnnekca NBK ccobo gax+Hoe sHadeHue nprnobperaeT npo&nema
nepsKyHeroe nmpcdoTHopa. OByd4aThs cCcnNeyuanbHoOCTH " aucneTvep yga~
HeneccodbpazHo Aulb Tex abtuTypPueHToB, KOTOpbie v3HadanwHo cbnagawT
HeobxopumeiM Habopom MBK, paxe npw HEeYAOBNETBOPUTENBHOM YPOBHE WX
passuTug. OTcrga chnegyeT, 4HTO OHYeHb BaxXHO MPOBOAWMTL TWaTEAbHDLIH
nepeudHstt oT6op cpesu abUTYpUeHTOB W OTCEUBATL Ha 3TOR CTapuu

© COBCEM HEenpUrofgHeix agna AancHepwen paBGoTh rno YBfl, HEe NOAAANWMXCS
TpeHaxy 1 obyverux s Tpebyemom obreme. [lpu nepsusHom npogoTbope
AONYCKaeTCcAa H2MNOAHLIH WM HecosepWeHHbIA HaBGop TMNBK. Ha 3TCOM
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npodoTBop He =zakaddyWBAaAETCSH. Ha paszHsix cTaguax GOPMHUPOEZHUR
MOANoCACIo  crneyuanucTa  cCcneagyer MNPoAoAXaTh NepeEuYHbIN npodoTGop,
ARPOACHIMUPY R 2o ernnoTe AC MOMEHTZ 33BEPUEHUR CTAXMPOBKKM U Hadvana
BEINYCKHUKOM CAMOCTORTENEHOW NPOPECCUOHANLHON ASSTeNBHOCTHU- No Yen.
ApY MOEBTOPHON = MPOSEpKe YPOBHAR pPa3euTus MNBK 8 cAydas OGHAPYXEHWR
M2EAHOB HEeOOXORWMO ©  NOMOWbK CNeUUENLHLIX TEXHUYECKUX CPEeACcCTE u
nporpaMd  NOATANME2TL, COEBSPWEHSTBOBaATL HEKOTOPLIE HEAOCTATOMHO
pazsutaie MNBY . My e csoern paboTe - MeGOOAbIOBANM pazpaboTarHbii
KyTyesmm 8.5, uMmuTaTop patodest HANPYIKU, MOASAUPYRWMH OTASNtHbEe
INeMEHTH ¥ dRarMeHTe [EesTenbHOCTHM No  YRA. A8 3TUX Xe Uensin HaMu
UCmoNs2oeaHLl BaTaper MCUKONOTHUYBCKIAX KOMMbRTEPHUSUPOEaHHBIX
RUETHOCTHMEOKYXY TeoTes, Habop MIpOBNX  NPUMEMCE, TpeHaxXspol %
paspalfoTarHHui HEMW  COEBMBCTHO C  KOHCTRYXKTODRDAMWU A8TOMATUIURCEaHHLA
ACHNGAUSTHOTTUNBCKKWE KOMMNASKCS, MDOWEeAWNS YXE OMNu!THYKR MNPCEEpKY &
HAWEM KOAISKTUES,

NoeTopreie MooetoTHODH W ToeH

e MEY¥ Mol cexkoMeHayeM NposcauTs
2 rpouscce obyvavus, no drs =
= |

2K
= FgepleHns W B HadaasHull NEnron
CaMOCTORTEALHOA raCoTe no YBI. Takaa cuctema oTBopa u MNOArCTCSKYA
LUChETYERCR MoAayHiisa HavMedHoceaHue "NPoaoHrupcsaHHbil mpodoTBop™.
No  wawemy MHEMNKMIY, TOoANhKO Takag TawTuka npoBeaeHsa
npodoTHonR MOZBEOAMT  NOCTOSHHC WMETE OBpaTHY®Ww CBRA2L, OUEHURATbL W
D HeoS¥oaUuMOC TH coBepUWeHcTE0RAaT mpoyecce fopMHUDOBaHUR
NPOPECCUCHANEHEIX HABHKCR W YMeHWi, COSEPWEHCTBOBATLH TEeXH0Norul = U
TexHuuecwre cpeacTea obyyedua cneyuantHocTw -avcneTyep YBAY. Bce
3THU MEPONPHMATHUR MOIBONAT BuIgaRATHL C2PTUPMKAT chneyuwanmcTa no YBL -
ARHCTBUTENEHC HagewHoro MpodececuoHana, 4HTO HEeCOMHSHHC MNOSLICUT
HapexHocTe HP = cucteme AC YBl w GezonacHacTts B, a Tak¥e coxpapwT
OHOPOELHS W NLCOLCCUHOHANLHOE [OATONSTUE 3THUX IUEHHBIX CMNeYManucTos.
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Coordination des pilotes dans les glass-cockpits
quelques effets de Pexpertise et de la culture'

Claire Pelegrin,. _
Aéroformation-Airbus
Avenue P. Latécodre, Blagnac, FRANCE

René Amalberti,
CERMA, Département d’ergonomie aérospatiale
CEV Brétigny, 91228, FRANCE

Résumé :

La coordination d’équipage comporte deux composantes de synchronisation : temporelle dans les
actions et cognitive dans le partage d’un référentiel commun. La communication homme-homme &t
homme-machine est ’outil essentiel de ces deux types de synchronisation. On retrouve parmi les facteurs
‘contribuant a ces synchronisations des facteurs psychologiques non techniques particulidrement étudiés
dans les cours de CRM: attitudes des pilotes, aussi bien vis 3 vis des autres membres d’équipage que vers
Iavion et des facteurs plus techniques, moins souvent évoqués maijs tout aussi important surtout sur les
glasscockpits: connaissance des systemes et des procédures de communication, briefings, annonces et
checklists. Cet article se centre sur ces facteurs techniques en les mettant en relation avec des facteurs
culturels tels que le niveau de mairise de 1’anglais ou la familiarisation aux nouvelles technologies. On
utilise deux types de résultats: le premier provient de la base de données COSYNUS-Aéroformation sur
les performances des stagiaires A320 en cours de transformation 3 Toulouse (1148 dossiers), le second
provient d’une étude commandée par 1a DGAC, portant sur les stratégies de communications verbales et
extra-verbales utilisées par les équipages en cours de transformation sur A320. Les difficultés de
reconversion sur glasscockpits, particuli®rement dans les aspects communicatoires sont remarquablement
liées 3 I'age et au dernier avion piloté. On montre également que les difficultés de maitrise de I’anglais
ralentissent I'apprentissage technique des systémes et se soldent par un handicap dans toutes les spheres
de la coordination homme-homme et homme-machine. Les équipages des pays non anglophones pallient
partiellement 2 cet handicap linguistique en utilisant pius intensément la communication extra-verbale,
particulitrement gestuelle et visuelle (regards), en mélangeant aussi dans les procédures leur langue
maternelle pour les probleémes difficiles et la langue anglaise paur les mats et phrases clés, et dans tous
les cas avec des variations culturelles non négligeables dans la manidre d’effectuer les controles mutuels.
Il en résulte des facons assez différentes de se synchroniser dans les cockpits, y compris pour les SOPS;
ces fagons sont construites pour pallier aux difficultés spécifiques de chacun, et semblent toutes pouvoir
étre efficaces. Toutefois ces voies alternatives sont dans ’ensemble plus Jongues 3 mettre en place par
les €quipages et peuvent parfois expliquer un certain retard dans la qualification par rapport 2 des
équipages anglophones, mais encore une fois sans nécessaire préjudice sur la qualité finale des pilotes,

L’étude de la coordination des équipages en cours de transformation sus A320 présentée en deuxieme partie de
I'article est financée par la DGAC Frapgaise. I} s’agit d'une loague étyde réalisée comjointement par le CNRS
(J-Rogalski et R. Samurcay), le CNAM (P. Falzon), le CENA (S. Figarol) et bien siir le CERMA (R. Amalberti)
ot Agroformation-Airbus (C. Pefegrin & E. Racca). Le pilotage DGAC est assuré par G. Molinier et F. Wibaux
(également participante dans I'étude aux cotés de P. Falzon). Nous remercions vivement tous ces chercheurs et la
DGAC qui ont accepté que soit présenté en primeur & [’OACI, alors que 1'étude n’est pas encore terminée, le cadre
méthodologique et une premiére série de résultats.
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1-La coordination d'équipage sur glasscockpit : une évolution des
idées
-1 les différents modes de coordination d'équipage

La coordination d'équipage est un point crucial de la conduite des avions de
lignes modernes, particulierement depuis que les équipages se sont réduits 3 deux.
Le travail doit éwre parfaitement partagé entre les deux pilotes et le résultat global
doit &ure synergique, supérieur aux résultats des individus pris séparément.

Les modes de coordination sont de deux ordres :

>La stricte duplication des actions a la recherche d'une somme du résultat est
exceptionnelle. Dans ce cas, CdB et copilote réalisent le méme but & court terme
avec les mémes actions, cas par exemple d'actions simultanées sur un manche de
vol pour éviter un obstacle.

> Dans la plupart des cas, il y a dissociation partielle entre CdB et copilote pour
mieux développer la synergie et la gestion des ressources; ces situations s'inscrivent
dans le cadre plus général des situations de coopération: CdB, copilote se sont
partagés le ravail et les objectifs & court terme; ils se synchronisent par contre

régulierement. Cette synchronisation désigne, d'une part, la synchronisation

cognitive et, d'autre part, la synchronisation temporelle,

>>La synchronisation cognitive concerne la construction d'un référentiel
commun, d'une conscience commune de la situation et d'une logique d'action
complémentaire orientée vers ce méme référentiel. Ce but est particulierement
important pour le suivi de toute modification des modes de conduite, de paramétres
de vol et pour le déroulement d'actions planifi€ées.

>>La synchronisation temporelle concerne aussi bien le déclenchement
simultané d'actions (mettre le chrono en route au décollage en pleine puissance),
que le déclenchement d'actions successives (mettre 'avion dans une configuration
donnée) ou le respect de conditions d'actions (e.i: attendre 400" avant d’engager les
ECAM actions suite 3 un teu moteur au décollage).

1-2 le rGle des communications dans 1a coordination

La communication entre pilotes, quelle soit directe-ou par le biais des
ordinateurs- est I'outil essentiel de la régulation de ces activités synergiques.

Ces communications ont été, sous l'influence Américaine, largement traitées dans

une perspective de psychologie sociale et de communications exclusivement
verbales (voir par exemple Foushee, 1984; Foushee & Helmreich, 1988) : les
facteurs €wdides ont €€ principalement les personnalités et attitudes des membres
d'équipages dans le cockpit, le style de leadership et la construction d'une conscience
de la situation effectivement partagée entre les deux pilotes par une dialogue actif.
Un autre pan de recherches a concerné le risque d'interuptions et d'abandon de la
tiche en cours dans les communications verbales (voir par exemple 1'élude
historique de Ruffel-Smith, 1979).

Proche de cette perspective, des études plus récentes ont analysé I'influence de la
culture de compagnie, mais aussi de la culture au sens ethnologique du terme, sur les
relations entre membres d'équipage. Johnston (sous presse) dans un trés compléte
revue des aspects culturels en aéronautique souligne que les écarts entre pilotes
appartenant 3 des cultures ethnographiques diftérentes sont peu li€s aux
connaissances techniques mais sont surtout lides aux communications, 3 la
résolution de contlit et aux relations interpersonnelles; partout les bons équipages
font preuves des mémes qualités : ce sont ceux qui savent se coordonner et ére
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orientés en permanence vers la tiche et les mémes objectifs du vol, mais la maniére
d'y parvenir varie largement, méme dans le cadre des SOPs (Standard Operating
Procedures). Ce point avait déja €€ noté dans le cadre plus limité€ de l'usage des
checklists dans les compagnies Américaines (culture de compagnie, Degani &
Wiener, 1991). '

Toutes ces études sur la communication ont finalement mis fortement 'accent sur
la nécessité d'une formation des pilotes plus centrée sur le facteur humain,
complémentaire a la formation technique. On retrouve cette volonié dans le
développement des cours de Cockpit Resource Management (CRM) et du Line
Oriented Flight Training (LOFT) (Orlady and Foushee, 1987; Helmreich, 1988;
Wiener, Kanki and Helmreich, 1993). L'accent est mis dans.ces approches sur trois
thémes : partage de la représentation (conscience de la situation), style de
leardership et barriére a la communication entre membres d' équipage.

Figure 1
Facteurs contribuant 2 la coordination d'équipage. On retrouve en haut du schéma
les facteurs non techniques : autitudes des pilotes, aussi bien vis 2 vis des autres
membres d'équipage que vers l'avion et en bas les facteurs techniques et sociaux
techniques : familiarisation 2 l'informatique. connaissance de l'anglais,
connaissance de 1a répartition des tiches 2 2 et des procédures de coordination.
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Mais a coté de cette approche non technique (figure 1), I'automatisation des
cockpits a récemment restitué un interét non négligeable a I'étude des
communications dans leur aspects techniques, que ce soit sur la forme ou sur le
fond. _

Larchitecture et la wechnologie des plasscockpits a beaucoup apporté en matiere
de facilité de représentation du monde externe mais elle a diminué les possibilités de
synchronisation non verbales, qu'il s'agisse de vision périphérique (le copilote bouge
moins, les informations sont précises (alpha numérique) et Ia mobilité des systémes
de commandes -manches et manettes -est réduite) ou de conduite "aux sensations "
(niveaux de bruit et mises en attitudes lissés par l'informatique).

Les nouvelles architectures permettent également aux pilote un acces individuel a
des bases de données de taille sans cesse croissante, el SUrLOUL un acces aux
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commandes quasi-individuel. Cette grande richesse et souplesse d'utilisation peut se
transformer ponctuellement en pi(‘,gc si les deux pilotes ne font pas d'etforts
particuliers pour se coordonner systématiquement et annoncer mulm.llemem leurs
intentions et leurs actions sur le systéme (Amalberti, 1992a). '

Cette évolution s'est donc accompagnée, pour compenser les pertes en
coordination non verbale, pour gérer la confiance dans les sysi€mes et dans le
partenaire, et pour réaligner en permanence les projets d'actions -donc la conscience
de la situation-, par une augmentation des contrdles visuels en vision centrale de son
équipier et du systtme (la vision périphérique ne suffit plus) et une augmentation
des échanges verbaux réglementaires (particulierement annonces, mais aussi
briefings et check-lists).

Dans dous les cas, ces communications sont beaucoup plus dépendantes des
connaissances techniques que les attitudes précedemment étudiées.

Une nouvelle série d'études dans l'aéronautique et dans les situations coopératives
au sens large se développe aimsi, plus orientée vers les interactions entre
connaissances techniques sur le systéme et niveaux de communication. Ces travaux
relevent plus de la psychologie ergonomique cognitive que la psychologie sociale
(Navarro, 1987; Falzon, 1991; Rogalski, 1989; Degani & Wiener, 1991; Sarter &
Woods, 1992, Wlbaux, 1992).

On notera d'ailleurs que les demiers développement sur le concept de CRM (e.i.
CRM Air France) prennent en compte cetie évolution centrée sur la compréhension
mutuelle de la sitwation, rehabilitant au coté de I'éwude classique des attitudes, les
différents aspects techniques de la compréhension mutuelle, de la confiance et de la
communication sur glass cockpit.

Les résultats présentés dans cet article se place dans ce courant en essayant de
restaurer une vision plus globale de I'interactions des differents facteurs techniques
et non techniques dans la coodination d'équipage.

2- Cadre(s) d'étude
2-1 l'uulisation de la base de données COSYNUS sur A320

Aéroformation-Airbus s'est doté d'une base de données intelligente sur les
performances des pilotes en cours de transformation sur A320 (Amalberti, Pelegrin,
Racca, 1991). Ceue base de donnée, appellée COSYNUS, recense toutes les notes et
appréciations obtenues par les stagiaires a chaque séance de simulation (FBS et
FES). Son développement a nécessité une revision substantielle de l'ensemble de la
notation des instructeurs (notation a cing niveaux) avec l'introduction d'une notation
complémentaire utilisant des valeurs qualitatives et non quantitatives. La base de
données contient plus de 1000 dossiers de stagiaires A320 (1148 pour les résultats
présentés) et est maintenant €iendue aux autres avions de la famille Airbus. Sa
conception permet de pratiquer des statistiques multibases (différents types d'avion)
afin de réperer des spéciticités d'apprentissage communes 2 la famille airbus ou au
contraire plus liées a2 un type donné davion. COSYNUS est utilisée a
Aéroformation-Airbus comme tableau de bord pour les instructeurs (suivi-qualité de
V'insuruction, adaptation optimale de la formation au profil des stagiaires).

2-2 I'étude des communications dans le cockpit en situation de formation sur A320
Une étude systématique des communications verbales et extra-verbales des

équ1pages en cours de qualification sur A320 a été entreprise en 1992 sous
I'tmpulsion de la DGAC.
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Acérotormation-Airbus lounit l'acces et les facilités de ses simulateurs (dispositif
de monitoring vidéo dans les simulateurs i trois prises de vues combinées) ainsi que
le contact et l'autorisation de travailler avec de vrais équipages en cours de
formation. Ce dernier point est palliculiéxcmem important, car il assure une validité
écologique parfaite A I'étude (il s'agit de vrais stagiaires, motivés, obscxves dans le
cadre de leur transformation sur A320)2.

Les compagnies auxquelles appartiennent ces pilotes, et les pilotes eux-mémes
ont donnés leur accord pour étre filmés dans le cadre de I'étude.

Les séances enregistrées sont les FFS3 (Full-Flight Simulation n°3) et FFS6
(séance de LOFT -Line Oriented Flight Training). La formation sur A320 compte
sept séances de FFS. Les séances enregistrées sont donc au milieu et 4 la fin de la
progression, juste avant la séance de qualification (FFS7).

On étudie un décollage avec feu moteur & V1 suivi d'une approche monomoteur
avec atterrrisage en surcharge (durée moyenne 20 minutes) et une appnochc VOR-
DME avec remise de gaz (durée moyenne 10 minutes) .

Le codage de chaque bande vidéo analyse systématiquement les comportements
des deux pilotes : position des mains, position de téte, direction du regard, zones
consuliées, texte des communications verbales y compris relations avec l'instructeur.

3-Résultats

3-1 Résultats de la base de données Cosynus : expertise, niveau
d'anglais, culture et difficultés en coordination

Les résultats présentés portent sur 1148 stagiaires A320 passés au centre de
Toulouse depuis 3 ans. Ces équipages se répartissent en équipages Nord-Européens
(n=306), Sud-Européens (n=313), Moyen-Orient (n=199), Asie du Sud-est (n=187),
Europe de l'est (70), Amérique hispanisante (n=56) et divers (17).

Une premiére série de résultats rappelle les principaux facteurs en lien avec les
difficuliés de progression dans la transition sur A320.

L'age du pilote staglalre est de tagon surprenante le critere de cette base de
données le mieux corrélé 2 la réussite a la formation sur A320. Ce résultat est
relativement stable pour les pilotes de plus de 45 ans comparé aux résultats obtenus
sur A310 en 1987 alors que les jeunes pilotes semblent au contraire avoir plus de
facilité a se tormer sur des machines trés moderngs (sans doute une prime 2 la
familiarisation précoce a l'informatique) (figure 3% 3)

L'handicap de l'age pour les plus agés peut partiellement se comprendre par la
classique résistance aux changements, mais il dépend aussi de deux variables
communicatoires : la maitrise de l'anglais et la famliairisation aux nouvelles
technologies informatiques. La maitrise de l'anglais est (en moyenne) une fonction
linéaire de I'age pour les pilotes non anglophones (les jeunes maitrisent tres bien, les
plus agés moins bien); elle s'avére plus que jamais indispensable sur des
glasscockpits ol I'information est €crite en anglais (de moins en moins de cadrans,
de plus en plus de textes et labels), et ou les procédures verbales doivent reprendre

2 Nous remercions vivement les compagnies et pilotes clients d'Aéroformation qui ont accepté de
participer 2 cette expérimentation. La validité écologique du résultat en est infiniment plus grande que
s'il s'agissait de pilotes se déplagant pour participer 2 "une expérimemation sur la coordination
d'équipage”. En bref, le jeu des pilotes observés n'est pas “forcé”, ni “biaisé par Iexpenmen(auon il est
simplement naturel et les résoltats ont beaucoup plus de porice.
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sans cesse des expressions anglaises (Voir Amalberti et Racca, 1989 pour des
résultats détaillés sur les difficultds en anglais en fonction de 'age des pilotes).

Figure 2

Percentage of pilots failing at FFS7 during A320
transition course as a function of age, N=1148
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Figure 3

Comparison between A310 trainees tailing at the FFS exam and A320) trainees
failing at the same exam. A310 results come from Amalberti & Racca, 1989.
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Il convient de noter que I'échec au premier contrfle de FFS7 sanctionne une
progression insuffisante du stagiaire mais ne doit en aucun cas étre interprété comme
un échec définitif A la formation sur A320). Les stagiaires ayant échoud au premier
contrdle sont généralement admis a l'occasion d'un second contrdle effectué aprés
une ou plusieurs s¢ances supplémentaires de simulateur.

Le deuxieme critére le mieux correlé a la réussite est le dernier type d'avion
pilot€ et le nombre d'heures de vol effectué sur ce type (tigure 4 et 5).
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De fagon générale, le fait d’avoir déja une expérience sur glass-cockpit ou d'étre
jeune (cas de la plupart des pilotes de turbo-prop) est une aide trés conséquente a la
transformation sur glasscockpit.

Figure 4

Percentage of pilows failing at FFS7 during A320
transition course as a function of the last a/c flown
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Le lien wres fort avec le nombre d'heures sur le dernier avion piloté peut s’
expliquer par les exigences plus "intellectuelles” des stages de'qualifications sur les
machines modernes. L'effort de compréhension est considérable comparé a ce qu'il
était sur les machines plus anciennes ou la part de l'apprentissage par l'action était
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dominant. Ce nouvel état de fait est sans doute plus diflicile A satisfaire pour les
pilotes tormés depuis longlemps a leur ancienne machine et déshabitués des
qualifications de type. On peut aussi penser que dans le cas ou les pilotes sont restés
longtemps sur un avion d'ancienne génération, leur schéma de coordination,
different de celui qu'il faut appliquer sur glasscockpit, est plus difficile & modifier et
devient un handicap pour se qualifier sur les nouvelles machines.

Une deuxieme série de résultats analyse plus particuliérement les effets de culture
(origines géographiques des stagiaires) en fonctions de 6 themes en relation avec la
communication Homme-Homme et la communication Homme-Machine. L'analyse
porte sur les thémes suivant : la communication H/M mesurée par (1) la maitrise du
FMS et (2) des Ecams, la communication H/H mesurée (3) globalement), (4) lors
des approches et atterrissages, (5) en situation de panne, enfin (6) une indication
générale sur la vitesse des progrés du stagiaire pendant le stage de qualification.

Tableau
Rang relatif par themes liés 2 la commurication H/H et H/M des difficultés rencontrés par
les stagiaires pendant leur qualification de type sur A320 (du plus mauvais résultal coté 1
au meilleur coté 6) N=1148.

1 2 3 4 5 6
Northen Use of Master Use of Approach Progress " Crew-
Europ FMGS Failure ECAMs and Landing Coordinat
: Coping
Southern Use of Master Approach Use of Progress Crew.
Europ FMGS Failure and Landing ECAMs Coordinat
Coping
Oriental Use of Master Progress Use of Crew- Approach
countries FMGS Failure ECAMs ‘Coordinat and Landing
Coping
Eastern Crew- Progress Use of Master Use of Approach
Europ Coordinat FMGS Failure ECAMs and Landing
Coping
Southern & Progress Crew- Use of Master Approach Use of
Central Coordinat FMGS Failure and Landing ECAMs
America Coping ?
Middle east Use of Master Progress Approach Crew- Use of
Countries FMGS Failure and Landing { Coordinat ECAMs
: . Coping

L tableau.j résume les difficultés des stagiaires sur ces 6 thémes en les
présentant sous forme d'une statistique de rang (du plus difficile de valeur 1 au plus
facile de valeur 6). On retrouve le FMGS comme difficulté principale ( voir d'autres
résultats dans ce sens : Amalberti, 1992; Sarter et Woods, 1992) mais avec des
nuances importantes :

-pour les €quipages des pays anglophones et les €quipages ayant peu
d'heures sur leur dernier avion piloté (la figure & indique ce nombre d'heures), la
maitrise du FMGS apparait effectivement comme la premiere difficulté des
stagiaires; la coordination d'équipage est bien maitrisée et les progrés dans la
qualification ne posent pas de probléme particulier par rapport aux standards de la
qualification sur le type.

-Ce n'est pas le cas des équipages provenant de pays non anglophones et
dont le temps passé sur le demier avion piloté est de surcroit €levé (on a vu en figure
5 le lien négauf enure le nombre d'heures passés sur le dernier avion et la résussite au
premier contrdle de FFS7). Pour ces équipages, la premiére difficulté est bien
d'ordre communicatoire (poids trés important de l'item crew- caordinazion) avec une
incidence assez forte sur le rythme des progrcs des acquisitions qui est ralenti. Les
ditficultés avec le FMS ne vienneat alors qu'en deuxiéme plan.

On notera aussi que de fagon globale, les difficultés sont d'autant plus fortes que
la distance entre la langue maternelle et la langue d'apprentissage est grande, que la
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culture des stagiaires est ¢loignée de la culture des instructeurs et plus globalement
de celle du cours proprement dit.
Figure 6
Pilots’ flight hours Spent on the last a/c flown as a function of geographical origin
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Notons bien ici que l'effet de I'anglais est double : procédural dans l'usage des
systeémes, leur compréhension et la reprise de leur nom pour les désigner, mais aussi
langue d'enseignement, donc vecteur plus ou moins facile de l'apprentissage et de
culture. -

A cet €gard, il est important de noter que tous les instructeurs Aéroformation sont
au moins bilingues (anglais-trangais) et parfois trilingues avec 1'allemand, ce qui
favorise considérablement les stagiaires pratiquant mieux le frangais et l'allemand
que l'anglais et gomme pour ces stagiaires les effets de distance de langue
d'apprentissage. . .

L'ensemble de ces résultats de la base de données Cosynus sert évidemment
Aéroformation-Airbus pour mieux cibler les difficultés des stagiaires et ajuster
I'enseignement en conséquence en gommant autant que possibles les effets de
culture qui viendraient 2 défavoriser-certains de ces stagiaires.

3-1 Résultats de I'étude DGAC sur les processus de communication
dans les glasscockpits

L'enregistrement et l'analyse fine des processus de communications dans les
€quipages en cours de transformation sur A320 se poursuit actuellement. Les
résultats présentés ci-dessous sont donc extrémement partiels et ne sauraient
représenter des résultats définitifs, ki S '

Les équipages enregistrés a ce jour en FFS 3 et FFS 6 se répartissent comme suit :

4 équipages Sud-Européens pour lesquels I'enseignement a été pratiqué
avee un mélange de frangais et en anglais
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4 équipages de 'Amérique hispanisante, avec un enseignement , sauf cas
ponctuel, réalis€ exclusivement en anglais

2 équipages a trés bon niveau d'Anglais (langue anglalsc quasi- nauve)

Rappellons ici que le dépouillement des communications verbales et extra-

verbales d'une demi-heure de vidéo est wrés long et que de ce fait 'étude progresse
lentement. L'objectif final est une vingtaine d'équipages répartis en trois groupes :
anglophone natif ou quasi-natif (deuxiéme langue officielle), non anglophone avec
un culture relativement proche du constructeur, et non anglophone avec une culture
différente.

Premiers résuliats

Les résultats présentés ci-aprés sont limité€s a I'analyse de quelques équipages lors
de I'exercice de take-off avec feu moteur & VR.

Les analyses portent sur les déviations et écarts entre équipage d'origine d:fféremes'

en fonction du type de communication réglementaire mise en jeu.
Rappellons que l'on distingue trois niveaux de communications réglementaires qui
sont plus ou moins spécitiés dans les SOPs (Wibaux, 1992):

Un niveau peu spécifié qui correspond i des consignes générales et permanentes.
On rerouve par exemple dans cette catégorie :les "Aknowledgements " ou
I'encouragement a proposer des solutions et a critiquer les solutions choisis” ou
encore le crosscheck des informations utilisées ou insérées par 'autre membre

d'équipage.

Un niveau spécifi€ dans ses grands thémes mais pas dans son contenu précis ni dans
sa position temporelle lors du vol: 'exemple type en est le briefing. L'équipage
doit le faire; le cadre est spécitié: le CdB est chargé de le construire et de lire,
le copilote doit prendre des notes et répéter ce qu'il a compris. Mais la fagon de
le rédiger et le moment de le dire sont laissés, dans une large mesure, au bon
jugement de Icqu:paec

Un niveau ues spécifi€ dans son contenu et dans son exécution temporelle
C’est le cas typique des annonces et des checklists (encore que l'exécution
temporelle puisse étre quelque peu flexible) et également des procédures

ECAMs (la encore, procédures temporelles pouvant étre interprétées avec un

degré de liberté relaif).

3-1-1 Vanation des communications tres spécifiées

La lecture des annonces et des checklists ne pose pas de probléme spécifique de
compréhension aux équipages mais se trouve particulieérement sensible  la pression
temporelle. Tous les équipages ont fait sans géne apparente ces communications en
anglais. Il s'agit de communications essentiellement verbales, médiées par
I'interface, sans regard vers l'autre partenaire.

Les écarts observés portent sur des annonces oubliées (i.e: les modes FMA, le train
sur renu€) et sur des crosschecks qui ne sont pas effectués par l'autre pilote quand la
checklist est enoncée. La déviation par rapport aux actes réglementaires de dialogue
s'explique par l'interprétation technique en fonction du contexte; dans ce cas
I'explication tient manifestement 3 une interprétation multimodale de la procédure :
si le co€quipier a vu ce que vous faites, que vous le savez, et que la situation est
risquée, il semble qu'il soit préferé ne pas occcuper inutilement le canal verbal avec
une information peu informative (gestion des ressources de communications).
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Extrait de protocole:

FO: VI

FO: rotate, Klaxon de master waming .

FO: positive climb : le FO enure le train mais personne ne prononce gear up, le Capuain regarde le
Lrain el pose ses mains sur les manetles. ' :

La lecture des Ecams donne lieu a des différences plus importantes entre équipages.
Les difficultés sont en effet de deux ordres, comprendre 50i-méme et communiquer
avec son partenaire. Les erreurs relevées sont multiples; certaines sont arrivées a des
équipages avec des jeunes copilotes ou des pilotes peu habitués aux nouvelles
technologies et aux procédures de dialogue:

absence de synchronie temporelle : précipitation, avec lecture trop précoce ou
trop complete en fonction de la sitwation,

absence de synchronie cognitive : lecture sans prendre en compte la
disponibilité de son partenaire qui ne peut de se fait intégrer 1a nouvelle sitvation et
les nouveaux statuts et qui nécessite une nouvelle lecture.
Dans d'autres cas, il s'agit plus typiquement d'une communication rendue difficile
par la mauvaise maitrise de l'anglais. Le passage a la langue maternelle est l'attitude
la plus fréquente, et la communicatuon devient redondante avec les regards des deux
pilotes qui suivent les gestes de celui qui actionne les systemes. Certains mots-clés
de I'ECAM sont traduits dans ce cas dans la langue maternelle des pilotes
(probablement pour oter toute ambiguité). '

Extrait de protocole

CdB : Vamosa la lista

FO: continue con ECAM actions

CdB: baisse intensité de 1a voix : Continue ECAM

FO : (u@s lent et ues doucement) AirPack 1+2 faults, ...when differential pressure below one percent
Instructor: Why do you have this message

FO : baisse intensité de voix, retour en langue maternelle

3-1-2 Variations des briefings

Les briefings ont representé le type de communications ou les pilotes se regardent le
plus, mais [ encore avec des variations selon les pilotes et suivam leur charge de
travail. -

Les briefings les plus courts sont des briefings en anglais réalisés par des pilotes
non anglophones; pour les quelques €quipages qui ont recommencé leur briefing en
le réalisant en langue matemelle suite a une intervention de I' instructeur, le contenu
est devenu netiement plus conséquent montrant que la formulation en anglais est
effectivement un handicap communicatoire (situations d'instruction).

3-1-3 Variations des autes actes de coc@ination

Le style général de communication est extrémement variable d'un équipage a l'autre
méme dans l¢ cadre d'une situation de formation i priori trés standardisante.

Le volume de parole varie de 1 2 4 et le nombre d'interactions visuelles ou
gestuelles varie dans des proportions encore plus grandes.

On reléve de nombreuses actions impropres (enclenchement trop 8t de "open
climb") qui correspondent & des shémas de communications désynchonisés (un des
deux pilotes anticipe sur les déroulements du schéma de commupnication, des
manques de cantrdles mutuels ou de protection mutuelle (extinction moteur).

On releve €galement de nombreux débrefings informels en langue maternelle avec
le regard port€ sur son partenaire. Ces communications, qui suivent ou précédent
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des briclings ou des checklists, l‘onclionm;m comme des alarmes sur des points
wépuiés ditliciles. Elles augmenteny la conscience du risque encourm,

Enfin, plus globalement, I'interaction simultanée avec pﬂo@c. geste et vision du
parienaire est relativement rare; le taux de signes dédiés a l'autre pilote pour le
meéme exercice est de respectivement 12 et {5 pour les équipages sud-américains
analysés. 8 pour les équipages sud-européens et moins de 4 pour les équipage
anglophones alors que T'on retrouve également un volume de parole plus important
chez les €quipages d'’Amérique hispanisante et sud-européens par rapport aux
€quipages anglophones. Ces communications gestuelles ont a I'évidence une double
fonction, de suppléance quand a 1'anglais et au canal verbal, et de synchronisation
cognitive en sécurisant Y'autre co-équipier sur la compréhension des informations
clés. De meme les regards sont distnbués différemment entre équipages de culwres
différentes, plutdt orientés vers les objets du discours verbal (nord européen), plutdt
orientés vers 'équipier dans Jes cultures plus méridionales.

En conditions d'opérations maitrisées (conformes 2 12 procédures méme si elles -

sont dans un cadre de situations incidentelles), le canal verbal est utilisé de fagon
dominante pat tous les équipages. Les gestes sont utilisés pour les actions
individuelles (sans inwntion de communiquer au partenaire de l'information) et le
regard sert surtout A faire des contrgles d'objets sans synchonie temporelle avec son
€quipier. En bref, 1a communication sur glasscockpit est médiée par l'interface. qui
transforme beaucoup d'échanges jadis synchrones sur avion classiques en échanges
asynchrones rythmes par les informations en retour de la machine (un agit, et Yauure
ne contrdle pas l'action, mais le retour de l'a_cu'on sur son interface). A noter que les
€quipages anglophones semblent plus sensibles 2 ces changements car ils utilisent
moins les communications extra-verbales que les équipages non anglophones (gestes
mutuels et regards dingés vers l'autre).

En conditions d'opérations pon maitrisées (i.e.:erreurs d'un des membres
d'équipage, situation trop évolutive, ei¢), tous les €quipages changent presque
sysiematiquement leur mode de communication;, on vOit alors apparaitie

-un retour 2 1a langue natale, en tout C€as A un niveay de langue peu structuré,
avec une augmentation du volume global des communications et de 1a longueur des
interventions (eftet du swess, mais gusst facilitation de [2 communicayion)

-une redondance du langage par geste pointant les abjets ou dannées fautifs, et
guidant l'autre opérateur

-une synchronie des regards qui se portent sur des objets communs objets des
signes gestuels ou de la conversation verbale (voir I'exemple suivant) ;

Extrait de protocole

FO : fire is out

FQ : we discharged...bath agents

FQO : cleas it?

Instructewr : NO clear NO NO NO!

CdB longue intervention en langue natale + geste touchant le bras du coéquipier et le panneau plafond
+ cegard sur plafond en synchonie avec FQ (dialogue de récupération typigue er lapgue naturelle)
CdB: shut down...fuel crossfeed is on? (la situation semble récupérée, retour 4 un mode de
communication standard, FO regardele fyel pieed. CdB revient 3 ECAMS)

FO (nésitant) is pn...7

CdB repart en langue native, regards dey deux pilotey pariés sur Ecams et sur (el bleed et gestes
accompagnant I'explication et la levée de doute

Au bilan, ces premiers résultats confirment Pexistence de différentes fagons de se
coordonner. Aucune de ces fagons n'est gualement exempte de défavis. Les
communications des équipages anglophones souffrent parfois d'un manque de
synchonie emporelle parce que les pilotes se regardent peu et priviligient la
communicanon verbale et le conycdle mutyel par Vintermddiaire du syseme, Les
communications trés redondantes visuo-verbales et gestuelles des équipages sud-
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européens et surtout d'’Amérique hispanisante assurent une assez bonne synchronie
cognitive mais consomment beaucoup de ressources au détriment de la conduite du
vol et parfois de la synchronie temporelle avec la situation. Dans ce cas, les réglages:
s'installent progressivement en se tamiliatisant avec les textes des ECAMs et le
maniement du FMGS, provoquant parfois un certain retard dans la progression
globale du stage de qualification, mais sans pour autant qu'il y ait un lien avec le
niveau de compéience final du stagiaire. Dans tous les cas, le style global de
communication ne disparait pas mais évolue plutdt vers une adaptafon, un
compromis qui prend en compte les facteurs techniques, les propres compétences en
anglais du stagiaire, ses craintes vis a vis du systéme et ses habitudes culturelles a
communiquer dans un petit groupe avec des marqueurs propres hi€rarchiques de ré-
asssurance mutuelle et de régulation du stress.

Conclusion

La coordination d'équipage sur les glasscockpits fait appel & des facteurs non
technigues (attitudes, compétence @ communiquer) et a des facteurs techniques
(maitrise de I'anglais, connaissance des systemes, connaissances des procédures de
coordination réglementaire).

Les résultats présentés dans cet article, bien que partiels, contirment qu'il existe de
nombreuses différences dans la maniére de metire en jeu cette coordination. L'age
des pilotes et le dernier type d'avion piloté sont des facteurs trés intluents sur la
facilité ou la difficulié de la qualification sur avion automatis€é. La maitrise de
I'anglais, sous-jacente A ces facteurs, joue un role important en ce sens qu'elle facilite
I'apprentissage (enseignement en anglais) et une communicauion homogene avec les
exigences du systeme (ECAMs. FMGS). Les €quipages moins anglophones
compensent cet handicap en développant des stratégies de communications non-
verbales qui paraissent peut-étre plus lentes 2 stabiliser et 2 adapter aux exigences
des glasscockpits (effet sur 'apprentissage) mais tout aussi performantes en fin de
qualification. Inversement, les équipages anglophones, particuliérement les jeunes,
utilisent peu les communications extra-verbales, et peuvent, malgré un apprentissage
rapide, souffrir dans certaingg situations de ce manque de redondance.

De fait, ceute €tude confirme aprés les analyses de Degani et Wiener (1991) sur les
checklists, de Johnston sur les effets culturels (1992), qu'il n'existe pas de référence
absolue a la coordination d'équipage. Les régles prescrites et enseignées sont bien
sir nécessaires pour une standardisation minimale mais elles restent relativement
générales. Au deld, leur mise en application dépend des individus et laisse
suffisamment de degrés de liberté pour que chacun les interprete afin d' obtenir la
meilleure performance possible en fonction de ses propres difficultés.

Enfin, on notera que I'étude DGAC, en cours d'exploitation devrait permettre, en
association 3 d'autres €tudes en cours 3 Aéroformation sur la direction du regard
dans les glass cockpits, de souligner 'importance des communications non verbales,
trop souvent négligées. Ces derniéres servent de sécurisation, de redondance, de
prise en compte de l'autre, d'adaptation a l'autre et au rythme de l'autre, autant de
roles non techniques mais particulierement sollicités sur l'apprentissage d'une
nouvelle machine qui est une période d' adaptation importante.
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ABSTRACT

Advanced technology computer hardware and software provides opportunities to enhance the performance
of aviation maintenance technicians. Maintenance tasks require that the technician be properly trained and
have access to technical information appropriate for each aircraft. Therefore, improved traxmng and
information access is likely to enhance human maintenance performance. -

This paper describes systems that capitalize on expert-system software technology to deliver simulation-
based training and real time job-aiding for troubleshooting. The systems operate on small desktop and
portable computer hardware. In addition, the systems are being designed to use "Pen” computers, that
require no keyboard and use a pen stylus to write on the computer screen. The pen technology permits
easy access to technical documentation as well as a convenient means for the technician and/or inspector
to complete required documentation of maintenance.

Background: Human Factors and Maintenance Performance Enhancement

The U.S. FAA Office of Aviation Medicine has an extensive ongoing research program related to human
factors in aviation maintenance. That research program has been described at all of the ICAO Regional
Seminars (Johnson & Shepherd, 1991, Shepherd & Johnson, 1991, Shepherd, 1992 & 1993). Further, the
research program has conducted seven conferences on human factors in maintenance as shown in Table
1. All of the conference proceedings are published in hard copy and on CD-ROM (Galaxy, 1993). The
CD-ROM is available from the FAA Office of Aviation Medicine or from Galaxy Scientific.

The human factors in aviation maintenance research program uses the model shown in Figure 1. The
aviation maintenance technician (AMT) is at the center of the system. The input to the aviation
maintenance system are aircraft, shown to the left of the human. System outputs are safe and available
aircraft. It is important to note that the safe and available aircraft must be affordable for the passengers
and profitable to the operator. Therefore each activity of the human factors research maintains a
consciousness toward improving human performance to enhance work efficiency and, thus, lower overall
maintenance costs. ’

Surrounding the human are a variety of factors that are likely to affect human performance. While the
research program is addressing each of the factors in Figure 1, this paper concentrates on two, training
and data sources.
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Ist || "Human Factors Issues in Aircraft Maintenance and October 1989 “
Inspection”
I 2nd || "Information Exchange and Communication" December 1989
3rd || “Training Issues” . , June 1990
4th (| "The Aviation Maintenance Technician" December 1990
5th | "The Work Environment in Aviation Maintenance" June 1991
6th | "Maintenance 2000" January 1992
“ 7th ﬂ "Science, Technology, and Management: A Program August 1992
Review"

Table 1. Human Factors in Maintenance and Inspection Workshops since 1989

Training
Concerns for effective and efficient |[ T Mairtenance
maintenance training are shared by all . “ joganne

Processes

the airlines of the world. There is
continuing management attention to
provide sufficient training for oo
maintenance personnel to ensure safe 2 Available
practices. At the same tme f i I ji _nitcait
management must schedule training :
so that it is not an overwhelming cost

burden due to such factors as travel || g . aif S =

or time off the job. Improved Inspection < e,
trajm'ng pl'aCIjCCS are a tential and Repair i AR ; . MEalrii:amnr:e _i
solution in that such training may be i .,fs;.";:m .

able to provide more and better e
instruction for less money. Advanced Worker Communication
technologies, like computer-based
training (CBT), are one such solution.
Therefore, the Office of Aviation Figure 1 The Human in the Maintenance System
Medicine embarked on a research and

development plan to demonstrate and evaluate state-of- the-art CBT. The resultant software-has been
distributed to most of the world's airlines, via the Air Transport Association (ATA) Maintenance Training
Committee. Like the CD-ROM, mentioned above, the CBT is available from the FAA Office of Aviation
Medicine and Galaxy Scientific.

The training system is designed to demonstrate the concept of "intelligent tutoring."” The training system
has software to model the performance of a system expert, an instructional expert, and the student. It is
beyond the scope of this paper to describe intelligent tutoring. However there are numerous detailed
descriptions elsewhere (Johnson, 1990, Johnson & Norton, 1991, Johnson, Norton, & Utsman, 1992).
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The training system is for a Boeing 767-300 environmental control system (ECS). Due to the generic
nature of the ECS many airlines suggested that it would be a good exemplary system. The training
design capitalizes on simulation of the system to provide diagnostic training and practice. Training for
troubleshooting has the best potential for training adults to be prepared to perform the maintenance job.
The system permits the learner to access all appropriate cockpit and maintenance bay controls for the
environmental control system. In addition, the learner can access interactive pages from the Boeing fault
isolation manual (FIM) as shown in Figure 2.

The training was designed to
exemplify what can be done with
CBT. The system avoided the use of
non-interactive  "page-turning"
computer screens that characterize
early CBT for maintenance training.
The ECS training has demonstrated
that today's software and hardware
can provide robust simulation in a
rich, advice- and feedback-oriented
environment,

UVHD PANEL ; OVHD PANEL :OVHD PANEL: EICAS  :FAULT CODE/
AESET | ! HiFow LOCATION

uams wtﬁ£7 =

: DID LGT EXTIN ; DID LGT WAS MSG

! WHENSTRY | EXTINWHEN | § DISPLAYED?
i SELECTED?

The ECS training system was
evaluated at a large US carrier. At
the suggestion of the ATA and the
participating carrier the training
evaluation study was designed to |k ' a - '
compare student-controlled CBT to Figure 2 An Interactive Page from the Boelng Fault
instructor-led CBT. A group of 20 Isolation Manual

students were trained for

approximately six hours using one of

the two methods. Using a written post-test, it was shown that post-training knowledge was the same for
both groups. Students, however, expressed a preference for the combination of CBT and a human
instructor. It is reasonable to expect that learners desire an enlightened human as well as the CBT.
However, the student-controlled CBT group had no requirement for scheduled group training, for a human
instructor, for a projection computer, or for a classroom. Since post-training knowledge was the same for
both groups the research favors the cost effectiveness of the student-controlled training. Extensive
reporting of the ECS evaluation is contained elsewhere (Galaxy Scientific, 1993).

Data Sources

Aviation maintenance has extensive data requirements. Mechanics have estimated that 40-50% of a day
can be spent on finding technical data and completing required "paper work." Therefore the Human
Factors in Maintenance research program explores ways to provide better access to technical data and -
better ways to record, store, and analyze data collected in the field and shop, or on the hangar floor or
flightline. This section describes two such projects: the CD-ROM and the Eerfonnanoe Enhancement
System (PENS)



A-260 Circular/Circulaire/lJupxynsap 243-AN/146

CD-ROM

This project has the goal of designing large digital documents that are easy to develop and use. While
this goal appears to be straight-forward it is a challenge in today's ever changing hardware and software
environment. ,

Current CD-ROM hardware exists on a 5 1/2" disc media that stores about 640 Megabytes of data. The
storage technology is not complex. Conceptually, it can be considered as a large hard disk with "read-
only" capability, in most cases. The challenge, therefore, is to design interfaces to make it easy for a
novice user to find the information that is desired. Even more significant is the task of developing
software to facilitate easy development of the digital data.

The interface to the FAA Office of
Aviation Medicine CD-ROM is
shown in Figure 3. As shown, the
CD-ROM contains six major
programs as demonstration of the
technology. The first program, at the
top left of Figure 3, is the
Hypermedia Information System. It
contains about 1800 pages of

£h Emvitonment 3l
proceedings from the conferences g {71 Siem Trcr
listed in Table 1. The software e
permits a variety of ways to search
the information from these meetings.

¢ A Teattic Contrel
Deacen Interrogator

In addition to the conference
proceedings the CD-ROM contains _ — —
two complete CBT programs. One of Figure 3 Main Interface for Av1at10n Medicine CD-
the CBT programs is the ECS tutor, ROM

described above. The second program

demonstrates a CBT system used by

the FAA for training of Airway Facilities electronic technicians. That program, named ATCBI-4, shows
the combination of intelligent tutoring, electronic simulation, and retrieval of technical documentation for
maintenance.

The CD-ROM contains two multimedia presentations with audio and video. The first showcases the FAA
Office of Aviation Medicine. The second program shows the Human Factors Laboratory at the FAA
Technical Center in Atlantic City, NJ. Both programs were designed to be stand-alone programs for
kiosks at various convention exhibits.

A demonstration of the PENS software is also included on the CD-ROM. This demonstration is useful
to describe the need for the PENS research and development. Of course, the PENS project has been
rapidly evolving. Therefore, the PENS version on the CD-ROM is not the very best example of current
capability. Current PENS capability is described below.
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Performance ENhancement System (PENS)

The research program is working with the FAA Flight Standards Service to develop a Performance
ENhancement System (PENS) for Aviation Safety Inspectors. PENS is designed to provide aviation safety
inspectors with portable, easy-to-use, hardware and software to enhance on-the-job performance. PENS
helps inspectors to collect, store and analyze safety data in real-time. PENS uses hand writing recognition,
and smart software to reduce error and expedite data collection. Figure 4 shows an example of the on-
line PTRS form and pull-down menus for access to other data sources.

Aviation Safety Inspectors perform a
variety of tasks, including: accident
and incident investigation, certificate

. e
management, avionics inspection, and  [pAciir g | Inspectors Hundbooks
aircraft inspection. They document [fStatus: Elﬂﬂ::“::fﬁ'.,.‘;'i.’ﬁ“"'
their activities on a Program Tracking [fResuts:] Jeli@ o vin Aovisory Circutars ,
= AR ey I PAHTS &y Type Certificales i
and Reporting Subsystem (PTRS) [fPesignstond 1 Suppiemennt Type orticates |

form. PENS permits the inspectors
to record the PTRS and other data in
a format that can be directly entered
into the National database.

[ cpaﬂu £ IR |
e
mnu jation & [12];

Another aspect of the inspector's job
is information retrieval; the inspectors
must not only maintain records of
their activities, they must have access
to the large amounts of information |EasEilel oy A ; e

relevant to their jobs. Such Figure 4 An Example Form on the PENS
information, as shown in Figure 4

includes:  Federal Aviation Regulations, Airworthiness Directives, Advisory Circulars, Inspector's
Handbooks, and more. Again, PENS provides ready access to such information. The software technology
from the CD-ROM hypermedia project permitted a rapid technology transfer to the PENS project. This
same technology is applicable for a variety of additional aviation maintenance work environments.

Conclusions

Advanced technology is a means to enhance human performance in maintenance. Technology is not an
end, As research and development on human factors in aviation maintenance and inspection continues,
the team of scientists and engineers will explore technology and match it to appropriate applications.
Experience has shown that hardware capability most often exceeds the design of quality software and
development of good intuitive interfaces. The research program has a scientific responsibility not only
to develop new advanced technology but also to test it and be sure that it is integrated properly into the
maintenance system.

Development, implementation, and evaluation will remain the highest priority for the research program.
In order to ensure success the research team will continue to interact with government personnel, airline
management, and aircraft maintenance job incumbents. The research end products and reports shall be
designed for immediate transfer and useful acceptance by the aviation maintenance community,
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OBYYAIOLLUME KAYECTBA TPEHAXXEPA KAK MEPA ErO BO3IEACTBUA
' HA YENOBEYECKUA ®AKTOP

Hoktop TexH. Hayk, npod. .M. Bepecros
Nokrop TexH. Hayk, npod. M.A. Meeposuu

1. besonacHoCcTL noneroB WU 4YenosBeveckMw daxvop

B HacToAuwein paboTe UanaraloTCA pesynbraThl UCCMEAOBaHMA, BbINONHEHHbIX B JleTHO-
UCCNEROBATeNECKOM  WHCTWTYTE W TIOCBALLEHHbIX aHanuay B3aWMOCBA3W MEXLY KPUTEPUAMM
CoBeplleHCTBa aBUMAUMOHHbIX TPEHAKEPOB W CHWKeHWeM B pesynbrate oOYY4eHMA Ha HWUX
OTpULIaTEeNLHOrO BO3AEUCTBUA YenoBeyeckoro gakropa. PaccmMarpuBaroTcA, B OCHOBHOM, KOMMNEKCHbIe
TpeHaxepbl. B LIMPOKOM CMbicne [ANIA TPeHaXXepoB 3TOro TWNa MOXHO yKasaTh CneaylolluMe uenum

(puc. 1)

1. nepeyuuBaHue NUNOTOB Ha ONPEeAeneHHbI TN camoneTra;
2. TPEHWpOBKAa 3KWNaXel Kak efnHOro Llenoro;
3. nepuopnyeckue TPEHWUPOBKY.

Bce atM uenu ROMKHbI WHTErpupoBaTb 3afady obecneuYeHWs BbICOKOTO YPOBHA
6esonacHocTu noneTos.

Mcnonb3oBaHne camojieTa B KavyecTBe OCHOBHOrO cpefacrsa [nA  obyudeHuA #
nepeyyrMBaHuA NUIOTOB B HacToALLee BPEMA He MOXET paccMaTpuBaThCA. 370 obycnoBneHO BbICOKOW
CTOMMOCTbIO MOSIeTOB, 6ONbLUMM PacxodoM TONAMBA W pecypca, & TakKe onacHocTbioo. [loaTomy
LeHTpanbHoi npobnemoit AenreTcA obecneyeHue T.H. Transfer'a, T.e. NONHOW afeKBATHOCTU Ha3eMHOW
NOAroTOBKW TeM pe3ynbraraM, Kotopble mmenu Obl MecTo npwu NOAroToBke B nonete. Tonkko 370
rapadtupyetr o00OCHOBaHHbIA TMEpPeHoC B NETHY NPaKTUKy 3HAHWWA, HaBbIKOB W YMEHMW,
chopMUpOBaHHBIX C MOMOLLBIO TPEHAKEPOB M ApYrMx obyuarowux CpeacTts. .

Ecnu roBopuTk YKpynHeHHO, TO 6es3onacHocTe MONMETOB ONpPenenfsercA TpemA
COCTaBNAOLWUMU: MaTepuanbHo# YacTbio NETaTeflbHOr0 annapara, BHELWHUMWU YCNOBUAMWU W TOM
COBOKYMNHOCTLIO apamMeTpoB, KOTOPYd MPUHATO 00603HauyaTh Kak u4enoBeuyeckuin akrop (puc. 2).
Yenoseueckuit akTop B CBOIO O4epefib MOXKHO YCNOBHO PasfenuTb Ha PerynapHyi0 U HeperynAapHyo
coctagnaoume. [lepBan  onpefenAeTcA  npodeccuoHanbHbiIM  MAcTepcTBOM; BTOpad  HOCMUT
HeonpepeneHHbid Xapakiep: OHA MPOABMAETCA B BWUAE HEBepHbIX, CMOHTaHHbIX pelweHui U rpybbix
npomaxoB. YenoBeveckuii bakTop NPOABNAETCA HE TONbKO KaK UHAMBUAYANbHAA XapakTepucTuka, HO
M BO B3aUMOAEWCTBUM MeXOy “ieHamMu 3JKunaxa.

MoTeHuuWanbHbiW ypoBeHb 6OesonacHocTu [IA, onpepenAemMblii NETHOW TOAHOCTbLIO,
oueHuBaeTcA nNpu cepTudukauun. 3ameTum, 4TO NeTHaA TrOAHOCTb OXBaTblBAeT He TONbKO
KOHCTpyKUMIO camoneta u ero obopyaoBaHue, HO U BHELLHWe YCNOBUA U HEKOTOPYH YacTb perynApHoi
cocTaenAwolLen YenoBeyeckoro cbaktopa. Ha npaktuke yposeHb 6e30NacHOCTA CHUXAETCA Ha NOPAQOK
U paxe Gonblie u3-3a BNUAHWUA HEYUTEHHBIX 3NEMEHTOR Yenoseveckaora daxropa - owuboK NUNQToBs.
SKCnnyaTalMoOHHOTO nepcoHana v gucnetyepos YBM.

YMEHBLWNTL YKazaHHOe pacxoXaeHue MeXay NoTeHuManbHbiM U (haKTUYEeCKUM ypoBHEM
6e3onacHOCTM MOXHO € MOMOLLBIO XOPOLIO OPraHW3OBaHHLIX TPEHUPOBOK, KOTOPbIE MO3BONAKOT
CyUleCTBEHHO CHM3WUTb BEPOATHOCTb OWMOGOK NETHbIX SKMNAKEN U AAKE WUCKNIOYUTD MHOTUE U3 HUX.
3necb pomkeH paccMarpuBaThCAl LUMPOKWIA criekTp obyueHWA. CoBCTBEHHO nepeyunBaHWe BNMAET B
NONHOW Mepe H3 PerynapHyid COCTaBAAIOWLYID. Ha HeperynapHyd COCTABAAIOULYIO OHO CKaabiBaeTch
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3HauMTeNbHO MeHblue. [epuoauyeckue Xxe TPEHUPOBKM W  KOHTPONbHbIE MPOBEPKM, a TaKKe
npeanonetHas  nopaepXka  MOryT  OKasaTb  CYyWeCTBEHHOe  BAWAHME HA  HeperynfapHyo
cocTasnAwowyo Yo. ' -

Onvaxo ans  Toro, Ytobbl TPEeHWPOBKM Obinu  aPPEKTUBHBIMK, HeobXoauMbI
adppekTBHBIE cpeAcTBa, obnagaolime BbICOKUMKA OByualoluMK KayecTsamu.

C nosvumin  6e3onacHOCTU NONETOB MOXHO  3HAUUTENBHO MHTEHCMDULMPOBATL
TPEHUPOBKM, €CAW YRenuTb [OCTATOMHO G6GONbluoe BHUMAHWE owWbKaM nUNOTOB, NPUBEALLMM B
npouecce aKCnyataumu K Cepbes3HbiM NEeTHbIM NPOUCWECTBUAM. MMpaKTUKA nokasbiBaeT, uTo OLUMGKM
NOBTOPAKOTCA. He MeHee BaXHO BLIABUTL M BCE OLIMGKW, AOMYLLEHHBIE KOHKPETHBIM KypCcaHTOM B
npouecce obyqeHnA. HHEKTUBHOCTb TAKOro Npollecca 3HaYUTENbHO MOBLICUTCA, ecnu owmbku GyayT
NPOREMONMCT/POBAHbI ((ypPCAHTY HEnocpefCcTBeHHO focne "noneTta’ Ha TpeHaxepe.

2. HanpaBneHuA COBEpLIEHCTBORAHUA TpeHaxepoB M TCO

Mpn NpaKTUMECKOM pelleHuU 3apad, yKasaHHbIX Bbille, BO3HWKaeT MHOXecTBO npobnem.
3pecb CNOXWNOCL HECKONbKO HanpasneHuwi (puc. 3).

OpHo w3 HanpaBneHun, ABRAKOWEECA MepBbiM B WCTOPUYECKOM NnaHe, CTPEMUTCA
YCOBEpLURHCTBORATE CaM TPeHaep, HAPAIUMBAA U Pa3BWRAA OTHefNbHbIe KOMMNOHEeHThl. OfaHako Her
YETKOW ficHOCTH, obecrieunBaeT N 6onee cnoXHbii TpeHaxep nydiwiee peweHne 3apad obyveHua?

Bropoe HanpaeneHwe CTaBUT LENbI0 MOBbILLEHWE XapaKTepUCTUK TpeHaxepa W ero
KOMMUHEHTOB ANA TOro, Y1obbl NOOGUTLCA Gonbluen apneKkBaTHOCTU C NONEeTOM p2anbHOro camMonera.
Ha 3TOM npuHuune nocTpoeHbl BCe HaUWOHaNbHbIE CTAHAAPTbl M TPEHaXepbl, a Takke HEeAAaBHO
paspaboTaHHbliii MeXayHapofAHbiiA cTaHnapT. WMCXOQHAA Nocbinka 3aKnioyaeTcA B TOM, YTO Ha
afeKBaTHOM TpeHaXkepe MOXHO ccopMMpoBaTb afekBaTHble HaBblKu. ONHAKO BbLICOKAA afeKBaTHOCTb
npAMO He obycnasnueaeT BbiCOkue obyualoliue KayecTBa. KpOME TOro, MONHOM afeKBaTHOCTU MeXay
TpeHaxepoMm M camonetoM AOGWUTLCA HUKOrfa He ymactcA. OrpaHuueHWeM 3fecb ABNAGTCA Pe3Kui
POCT CROXHOCTM U CTOMMOCTA. POCT OTOT MMeeT HenuHeWHbl xapakTep: B 30HE "HacbilleHuA”, B
KOTOPOA HAaxXOAATCA Cedyac TPeHaXepbl BbICIUMA KNaccos, HeBONbLIOK NPUPOCT apekBaTtHocTu Tpebyet
oyeHb Oonblunx 3aTpaT M yBenuMYeHWA cToumocTW. lo3ToMy, B 4aCTHOCTH, MNONYYMNO WHTEHCUBHOE
passuTWe HanpasneHwe CO3AaHWA TpeHaXKepoB HWIKOM CTOMMOCTW, HO CpPaBHUTENbHO BbICOKOW
atppeKTuBHoCTI.

TpeTbe HanpaBneHue CTPEMWTCA PacluMpuTb obydaioulyio 6asy, NOAKNIOYMB K
KOMTNIEKCHOMY TpeHaXepy KOMMbIOTEPHbIE KNacchl U rnpouefypHble TPeHaXepb.:

OtnuunTenbHOW OCOBEHHOCTBIO BCEX NepeuUCNeHHbIX HanpasneHwid ABNAETCA TO, uTO
X peanu3auvA BIUAET Ha obyvaloluiMe KavecTBa He MNPAMO, a KOCcBeHHO. B To e BpeMmA
HeobXoaumo paccMoTpeTb MYTU COBEPLIEHCTBOBAHWA WMEHHO O6y4alolWMX KauyecTB TpeHaXepos.
K yauBnenwio, sT0 Hanpaenexuwe paspabotaHo Mano. BOCMONHUTL YKasaHHbA Npoben NOMKHO
Harpasfnexde, KOTOPOMY MOCBAUIEHa HacToRwlaA pabora. 3apjava 3aKMOYaeTcR B  ROCTOKEHMH
a[ieKBaTHOCTW He MO OTAeNbHbIM XapakTepucTukam TpeHaXepa, a no pesynbratam obyyeHWR B LLeNoM.

3. YcnosuA, yuuTbiBaeMble Npu oueHKe obyvaloliMx KavyecTB TpeHaXepos

MoHATMe "obyuarouime KauyecTsa“, XOTA B MPMHLMNE MOHATHO, 10 NOCNENHEro BpeMeHu
He WMeno 4etkoro onpepeneHnA. MoaToMy npexae Bcero cnefyer KOHKPETU3MPOBATh MMEHHO ero.



Circular/Circulaire/l{upxynap 243-AN/146 A-265

lMocKonbKy HeT BO3MOXHOCTW MPOBECTU CpaBHEHWE TPeHaXKePHOM W NETHOW NOAroTOBKU
U Ha 3TON OcHOBe ChopMYNUPOBaTe OLIEHKU TpeHaxepa, MPUMEM B. KayecTBe WUCXOAHOW 6asbl
pesynbTatel cepTUdMKaLUU CamoneTa WA  MaTepuanbl CNeuManbHbiX NeTHbIX UCNbITaHwin. 310
NO3BONUT YCTAHOBUTb HEKUEe STaNOHHbIe XapaKTepucTUKU NMUNOTUPOBAHUA, KOTOPble AO/MKHbLI ABNATLCA
OnopHbIMU Npu  00yueHnn. VIMEeHHO BO3MOXHOCTb BOCMPOM3BEEHUA Ha TpeHaxepe YCTaHOBNEHHOW
COBOKYMHOCTH STANOHHbIX XapakKTepucTuk NUnoTUpoBaHWA AO/MKHO ABNATLCA MMaBHbIM KpUTEpuem ero
obyyarolmnx KayecTts.

MpennonaraeTcA, YTo B CepPTUUKALIMOHHBIX UCMBITAHUAX ONpefeneHsbl peXXuMsl U asbi
noneta, B KOTOPbIX NpU "NpaBUNbHOM WKW 3TaNOHHOM NWUAOTUPOBaHMKU' HeT yrposbl 6e30MacHOCTH.
TepMuH "npasunbHoe NUNOTUPOBaHMe" BBEfleH NOTOMY, YTO HenpaBuNbHOE NMUNOTUPOBAHWE, 3aMEeTHO
oTNMYaloLeecA OT 3TanoHa, MOXET NPUMBECTU K NOCNEACTBUAM, CYLLECTBEHHO OTNWYAIOLLUMCA OT TeX,
KoTopble Obinu onpepeneHbl Npu cepTudukauuu; B Haubonee HebnaronpuATHOM Cclyyae - 3TO
aBapuiHaA uMnu Katactpocuyeckas cuTyaLuu.

OnA Toro, utobbl ocywecTeBuTb obydeHue, cneayeT, ¢ OAHOM CTOPOHbI, -obecneyuTb
AMnoTaM BO3MOXHOCTD BbINOAHWTL Ha TPEHaXKepe BCe MaHWNyNAUMM W Mpoueaypbl, C Apyron
CTOpPOHbI, AWHaMM4YeCcKaa MOAeNb TpeHaXepa [OoMkKHa peanu3oBbiBaTb MOCNEACTBUA ATUX Npouefyp
KaK npyu npaBUnbHOM, Tak U NpU HenpasuibHOM NUNOTUpoBaHuW. Bonee Toro, obyyaiouiMecA [OMKHbI
YeTKO BUAETb KaK 3TW NOCneACTBUA, TaKk U CBOWU OLWMOKK.

Ha cnavWfe 4 ykasaHbl YCNOBWUA, KOTOpble OOMKHbI BbIMONMHATLCA ONA peanu3auuu
BbICOKMX 06y4arouMx KayecTB TpeHaepa:

- KypcaHTy AO/MKHO ObITe NPOAeMOHCTPUPOBAHO "NpaBunbHOE" NMUNOTUPOBAHMUE;

- pomkHa 6biTe obecneveHa BO3MOXHOCTb BbINOAHEHWA 3TOro "NpaBunNbHOrO"
NUNOTUPOBaHWA, 3TO O3Ha4yaer, 4YTo AOMXKHb ObiTb BCEe yNpasnAwlLMe oOpraHbi,
apexkBaTHble Mopenu M BCA Heobxoaumana MHMOPMAaUWA;

- ROMXHbl ObiTb OpraHu3oBaHbl BCe YCnoBMA ANA  OOyyeHWs nNpaBUNbHOMY
NUNOTUPOBAHUIO; .

- RomkeH ObiTb obecnevyeH CTPOrui, TOYHbIA W  6e3oWMBOYHLIA KOHTPONL 3a
npoueccom 0by4yeHuR;

- BCe OLWMOKWU, AOMNyLLEeHHbIe NMUNOTaMK, AOMKHbI GbiTh UAEHTUMLMPOBAHB! U 3aTeM
NPOAEMOHCTPUPOBAHbI.

CeronHA BoinonHeHue OGONbLUIMHCTBA YCROBWIA TNONHOCTBIO NOXWTCA Ha MHCTpyKTOpA,
KOTOpbiA CaM rofBepXeH BO3AEHCTBUIO YeNoBe4eCKOro dpaktopa u MOXeT owwwubaTbeA. Hawuu
creuuansHble UCCNefoBaHMA NOKasanu, YTO Npu BU3YaNlbHOM KOHTPONE 3a [EeATeNbHOCTbIO KypCaHTOB
Aaxe ONbiTHbIA WMHCTPYKTOp ponyckaer 6onbwoe 4nucno ownbok. OcTaloTcA HesameyeHHbiMU or 10
no 50% owwubok; 6onee toro, B 10-25% CnyyaeB MHCTPYKTOP yKasbiBan KypCaHTaM NOXHbIE OLIMGKH,
Kotopbie Te He ponyckanu (cnaig 5). lMoatoMy Mbl cuuraeM, 4YTO ANA AOCTWKEHUR BbICOKUX
obyuyaroumx KayecTs TpeHaxep AOMKeH ObiTb CHAGXEH aBTOMAarU3MPOBAHHOW B3KCMEPTHOW CUCTEMOWA.

Ana Toro yrobbl AOCTUYL BbICOKMX OOyualoLUX KauyecTs, HeobXOAMMO BbINONHUTD
KoMnnekc TpeboBaHMW, MokasaHHbiX Ha cnaipe 7. 3 TpeGoBanuA pasbuthi Ha nATL Tpynn. B
nepsyi0 BXOAAT TpeboBaHMA K KOHCTPYKUMM TpeHaXkepa W ero XxapaktepucTukam. BTopaa rpynna
obbeauHAeT TpebOBaHMA K AafeKBAaTHOCTW. NWIOTUPOBaHWA. TPeTbA rpynna ONpeaenAeTcA
COBEpLIEeHCTBOM NyAbTa WHCTPYKTOPA, BO3MOXHOCTBIO aBTOMAaTU3MpPOBaTb KOHTPONb U YynpaBneHue
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TPEHUPOBKOIA; YeTBEPTaA rpynna oxsaThiBaeT 3eMeHTbl, o6pasyiolue coflepXarernbHO-METOAUUECKYIo
6asy obGyyenmAa. Cilofa MOXHO OTHECTU TaKKe CcueHapuu oby4YeHMA W 3TanoHbi MUNOTUPOBAHWA.
HakoHeu, NATYIO rpynmy o6pasytoT MeTOMbl MUCMbITAHUA U TECTUPOBAHMA TpeHaxepa.

Ecnn atm tpeboBaHuA BbiMONHeHbl B MOAHOM o6beMe W oOfiHoBpemMeHHo, To OyayT
cosfaHbl Bce MpPeanockinkk ANA OpMUPOBAHWA C MOMOLLBIO TPeHaXKepa YCTOMYMBBLIX HABLIKOB U
YMEHUWA NPaBUNbHOrO NUOTUPOBAHUA afieKBATHLIX TeM, KoTopble Mornu 6bl bopMUpoBaTLCA B NoneTe.
Ecnu opgHo uWnM  Heckonbko TpeboBaHW He BbINONHAKTCA WMAW  BbINOAHAKTCA YacTW4YHO, TO
COOTBETCTBEHHO CHWXKawTcA obyvarowme KayecTsa.

4. OtanoHsbl NWNOTUPOBAHWA

HeonHokpatHO ynoMuHaBUIMECA Bbilie ONOpHbie XapakKtepuctuku Moryr  ObiTe
dopmanuioBaHbl B BUAE pernaMeHTUpPOBaHHOrO MHOXKEeCTBa XapakKTepUCTUK, Ha3BaHHOro Hamu
"atanoHbl nunotupoBanMAa” (3I). WccneposaHwA, npoBoAauBLUMECA  JleTHO-UccnepoBaTeNbCKuM
MHCTUTYTOM B TeueHWe HeCKONbKMX JNeT, no3BoNunuM Bbibpate pauUoOHanbHbLIA ~ COCTaB  ATWX
XapakTepucTuk M paspaboratb MeTOQuKY WX orpefeneHun.

Mop 3N noHUMaeTCA NosyYeHHaA SKCNePUMEHTanbHO W3 NEeTHbIX WUCNbiITaduik obnacTb
L[ONYCTUMOro ynpasneHua, obecneyuBalollero QOCTWKEHME B KKAOM peXwWMme - HOPManbHOM Wnu
OTKa3HOM - TeX >Xe pesynbTaToB WMAM MOCNenacTeui, Kotopble ObinKM YCTaHoBNeHsl B npolecce
ceptudukauun. NunotupoBaHne MNOHUMAEETCA [OCTATOYHO LWUPOKG UM OXBaTbiBaeT He TONbKo
XapaKkTepuUCTUKW [BWXKEHUA camMonerta, OTKNOHEHUA YNpaenAloWKX OpraHoB U W3MEeHEeHWA [Opyrux
yrNpaBnAloWMX MapaMeTpoB; Cloaa BK/IOYEHbl Tarke MapaMeTpbl pelleHWd W OyHKUUK
B3aumopelicTeuA. [MnoTupoBaHWe OOMKHO OCYLLECTBATLCA B TOYHOM COOTBETCTBUU C yKa3aHWAMMU
PykoBoacTtea no netHou akcnnyarauuu (PI13).

Mockonbky 3l npeacraenAeT coboW Hekyw o6nactb W3IMEHEHUA napaMeTpos,
pPas3nuyaloT HOMUHANbHBIE XapaKkTepucTUku (puc. 9) W rpaHuubl OONYCKOB. B WITATHbIX YCNOBUAX
LOMYCKA OMNpepenfioTcA U3 cratucTuky; B OC BbiIXOL napamerpa Ha rpaHuuy ponycka 4pesar
BO3HUKHOBEHUEM Yrpasbl 6€30NaCHOCTH, NIMEHeHUEM KnaccuduKauun CUTyaunn No OTHOLWIEHWIO K TOH,
KortopadA Obina ccopmuposaHa npu cepTudbukaLuu.

AnA npumepa Ha puc. 10 nokasaHa HOMWHanNbHaA 3TanoHHaA NporpaMMa NpPoaoNbLHOro
NWNOTUPOBaHWA npu Banete ¥ Habope BbicoThl camonera Ty-154B. Tam Xe ykasaHbl AUCKpPeTHbie
npoueayps: noabeM nepeaHen CTowKW, yb6opka Laccu, ybopka wexaHusaumu. [OnA nonHoro
OpMUPOBAHUA 3TANOHA NWUNOTUPOBAHUA 3Ty nporpaMmy HeobXoouMo AONONHWTL, YKa3aB:

- 9TANOHHYIO 3aBUCMMOCTb MapameTpoB, KOHTPONMPYeMbIX NUNOTaMM;
- ponycTumylo obnacTe pasbpoca KaXumoro napamerpa.

YacTMuHO yKasanHble paHHble WNNKCTPUPYIOTCA rpadpukaMu Ha puc. 11. paHuubl
LOONYCKOB onpeaenAnuch B NeTHbIX UCMbITAHUAX U U3 MOAENUPOBaHWUA, UCXOAR U3 Y)Xe BbiCKasaHHOre
npuHuvna - cobmofeHuA NOCNefcTBuiA CUTyauui, OnpegeneHHbIX B npouecce ceptudukaumn.

Ha cnaipge 12 nokasaH npWMmep 3TaNoHa B3aWMOQEACTBUA. ATanoH B3aMMOMEWCTBUA
ONpefieNAeT [UCKpeTHble W HenpepbiBHbIE MNPOUEAYPbl YNPaBleHUs, BLINONHAEMBbIE KOHKPETHLIM
“YneHoM" sKunaxa, peuesbie KOMaHOb!, POUERYPbl KOHTPONA. lpu 3TOM YCTaHaBNMBAIOTCA TaKXe
npoueaypbl B3aUMOAEACTBMA MeXAYy 4ieHaMW 3KWNaxKa, KOTOpble TaKKe MNOMNEXAT KOHTPOJI.
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BbigeneHbl WHTepBanbl BpeMeHU MeXAy NPOXOXKAEHMEeM KOMaHO M COOTBETCTBYIOLLEA peakuuen
Apyroro nunora.

Kaxkabliin 3TanoH No/mMKeH OTHOCUTLCA K OnpeaeneHHoOMY peXXuMmy noneta. 3pech BecbMa
NNOACTBOPHBIM OKAa3ancA NepeHoC B NPaKTUKYy TpeHaXKepocTpOeHWA npuHuuna "Pac4eTHbIX cny4aes,
XOpowo 3apeKomeHpoBaswero ceba npu ceptucukaumm camoneTtoB. CyTb ero 3aki4aeTcA B TOM,
UTO BMECTO WCKMIOUUTENbHO BONLILIOTO “pasMbiTore” MHOXKecTBa KOMOUHALIMIA M YCNOBUA U PEeXUMOB,
B TOM 4YMCne OTKa3HbIX, UCroNb3oBaTb OTHOCUTENbHO Hebonbluoii Habop TUNOBBLIX CHOXKETOB - OKONO
150-200. 3TM clOXKeTbl [O0MKHbI ABNATLCA CTATUCTUMECKUM 3HAUUMMbIMKM ONA Bcen obnactu OY3,
KOTOpPYI0 OHM [OO/MKHbI MOAHOCTHIO MOKPbIBATH.

TaKk Xe, Kak peanbHaAa nNoONHaA nporpamMma nonerta, 3TanoH nNUNOTUPOBAHMA He
ABNAETCA "XecTkuM". OH COMEPXUT MOCTOAHHYIO M NEepeMeHHyo cocTaenAowme. [axe ANA LWTaTHbIX
nporpamMm BO3MOXHbl NepeMeHHble COCTaBMAOWMNE, KOTOpble WM3MEHAIOTCA W3-3a BapbUpOBaHMA
SKCNnyaTaluMOHHbIX YCNOBUIA, Hanpumep U3MEHEeHMA Macchl UM LLeHTPOBKW. HaBbikoM BBefieHWA 3TUX
COCTaBNAOWMX M UX BbINONHEHUA AOMKEH OBnapeTb obyyaloWMACA Ha TpeHaxepe. .

Mp# BO3HMKHOBEHUW OTKA3a MAOMKHA WIMEHATHCA MOCTOAHHAA YaCTb MPOrpPaMMbi:
nomkeH GbiTb OCyLLECTBNEH repexon K HOBOMY 3TafloHy. ANropuTM Takoi NEpecTporKU cxemMaTUyecku
nokaszaH Ha puc. 13. [unotbl NOMKHLI HA OCHOBAHWW CUrHanuaaywu W ecTecTBeHHbiX NPWIHaKos
OTKasa pacrnosHatb BO3HWUKLIYO CUTyauuto, TOYHO WAEHTUMUUMPOBaTL €€, NPUHATL pelleHne no
Bbl6Opy HOBOW nporpammbi, 6e30WKMO60YHO U ObICTPO OCYWLECTBUTb MEpexoA Ha 3Ty nporpammy U
fanee 4YeTKO peanu3oBbiBath €e [ANA 6e3onacHoro 3aseplieHUA noneta. Ha BCce 3TM 4acCTHble
onepauMM MOXHO YCTaHOBWTb JTanoHbl, MOCKONbKY B npouecce cepTudbukauum "npasunbHoe"
NUNOTUPOBaHUE AO/MKHO ObiTh YETKO NMPOAEMOHCTPUPOBAHO.

5. Tunosble owWKM6KU NUNOTUPOBAHUA

JeTanbHbil aHANM3 MHOrOYUCNEHHbIA NoNeTos, BONLLLOrO YACNA NETHLIX NPOUCLLECTBMUIA
W NPeAnocbiNnoK K HWM MOKa3biBAET, UTO OrPOMHOE pasHoobpasue AONYLieHHble OLIMBOK MOXHO
CBECTU K CpaBHWUTENbHO HeBGONbLIOMY 4Yucny TWMoOB. [POBECTU Takyld KNaccutukaLmio NoMOraroT
BBeleHHble Hamu 3TaNOHbI.

Cnaing 14 wnniocTpupyeT YKasaHHyw kKnaccudpmkauuiwo. OTaenbHo paccMaTpuBaroTCcA
owunbky, AonylleHHble B LWITATHbIX peXumMax U B 0cobbix cUTyauuAx, Bbi3BaHHbIX OTKasamu. [AnA
LWTaTHbIX PEeXXWMOoB OLUMOBKU CBOOATCA K:

-  bHonblIMM OTKIIOHEHMAM OT 3TanoHHbIX NapamMeTpoB;

- 3HaYMTeNbHOMY 3anasfibiBaHMKO B BbINONHEHWW OMCKPETHbIX Npouenyp;

- MepenyTbiBaHUIO WUNKU MNPONYCKY npoueayp, npeanucaHHeix PII3;

- BbINOMHEHUIO 3aBEflOMO HeBepHbIX Mpoueayp, Kotopbix HeT 8 PM3.

OrMeuyeHo TaKKe HevyeTkOe WM HenpasBWnbHOe B3auMOAEWCTBME MeXay uneHamw
skunaxa. CyllecTseHHO, 4To B MnoneTe BCTpeYaeTcA He OflHa, a HeCKONbKO UMK faxe cepuA OLMOOK.
XapaktepHo, uto B BonblMHCTBE cnyyaeB 3T owKOKU B3aMMOCBA3aHbl; TONYKOM ABNANAchL nepBan

owunbka. O6bIYHO NUNOT, 3aMETUB 3Ty OLWMOKY, HAYMHAN WCNPABNATL €€ 4YPe3MepHO WMHTEHCUBHO,
BCASACTBME Yerc AONYCKan HOBYO, euie Gonee onacHyo OwmbKky.
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OTKNOHEeHWA OT 3TanoHa B3auUMOAEWCTBMA 3aKMOYATCA B NPOMYCcKe WCNONHWUTENbHOW
WNWU KOHTPONbHOW KOMaHAbl, HEeOoCYLLEeCTBNeHUA KOHTPONA, qpemepuom 3anasfblBaHin BbINONMHEHUA
npouenypu KaK peakuuy Ha KomaHpy.:

B OC, BbI3BaHHbIX OTKazamu, K repeyucneHHbiM owwunbkam n06aBNAIOTCA:
- Hepacno3HaeaHue cuTyauuu, T.e. NPOAO/HKEeHWe noneta No CTapod Nporpamme;

-  HesepHaA MAEHTUMWUKAUMA CUTyauuu W, KakK CneacTBue, HeBepHbld Bblbop
NporpamMmbl;

- 3HauWTeNnbHOE 3anasfAbliBaHWe nepexofa K HOBOW Mporpamme.

MoMMMO yKasaHHbIX Bbllle OWWOOK YacTo MAONYCKalTCA BbIXOAbl 3@ OrpaHU4eHun,
NOCKONbKY B CNOXHOW W aBapuMHOW cuTyauuu NOMycTUMaA 3oHa NapaMeTpoB CyXaeTcA.

YKasaHHbIM OLIMOKaM, WX YCTPAaHEHWIO W NapupoBaHUKD AOMKHO YAENATBCA NpK
obyyeHun Ha TpeHaxepe ocoboe BHUMAHWE. MMEHHO B 3TOM NEXUT OfHa W3 BaXKHEHLIWX
BO3MOXKHOCTE# MoBbileHUA 6e30nNacHOCTU MONETOB 3a CYET CHWXKEHWA  BIMAHWA 4enoBeveckoro
hakTopa ¥ MosbitieHUA MPOoPecCUoHanbHOre MactepcTea MURCTOB.

6. MyTM nosbiWweHUA o6YYaKOUUX KauecTs

[o nocneaHero BpeMEHW rnasHoe BHUMMaHWe YAENANOCb Nepsoi rpynne TpebosaHwi
K TpeHaXepy, yKasaHHOW Ha cnaupe 7. He oTpuuaA HM B KOEA Mepe MX BaXKHOCTW, Mbl B Haliem
NOAXOAe MCXoauM W3 Toro, uTo TpeboBaHUA TpeTben rpynnbi NO3BONAIOT obecneynTb ﬁonee BbICOKME
obyualowime Kauectsa npu 6onee cnabeix TpeboBaHWAX K ameKBATHOCTMW.

B Hawew pabore ocoboe BHMMaHue Obino obpaileHo Ha KOpeHHOe yCcOoBepLleHCTBOBaHue
nynbTa WHCTPYKTOpa W YnyuylleHWe 3a 3TOT cyeT obyvatowux CBOWNCTB TpeHaxepa. 3To AOCTUMHYTO
cosfaHueM HoBoro MHGOPMALMOHHOro MONA; Mo CyllecTBy B MynbT UHCTPYKTOpa BBeAeHa 3KCrepTHaA
cucTema.

Ha useTtHoM pucnnee rpadpcTaHUMM MNKW MNEpPCOHANbHONO KOMMNbKOTEpa B HarnAfgHOM
BUAE [AEMOHCTPUPYIOTCA aKTUYecKue mnapamerpbl MABWKEHUWA W YMPaBieHWA, peanu3oBaHHble
KypCaHTOM B npouecce TPEHUPOBKM Ha TpeHaxepe. WHAMLUMPYIOTCA HeMnpepbiBHbie napamerpbl,
TPAeKTOpUA noneta, AWUCKPeTHbie npouedypbl. 3TU [OaHHble COMOCTAaBNAKOTCA C  3TanoHamu
NUNOTUPOBAaHWA.

Bce 9T0 no3BONAET WHCTPYKTOpY ObicTpo W Ge3owmboyHO OLEHUBATL Ka4vyecTBO
NUNOTUPOBAHWUA, BbIABNATL AOMYULIEHHbIe OLWWOKY.

KypcaHTbl MOryT UCMNonb3oBaTb CUCTEMY WM ONA caMooby4yeHWA. J3TanoOHbi MO3BONAKOT
oBnafeTb MNpaeMnbHbIMKM AEWCTBUAMM, B TOM 4Yucne MO NPUHATAIO pelleHWin WU BIauMONEWCTBUA
4NeHoB aKMNaxa apyr ¢ apyrom. Ocoboe 3Ha4yenue MMeeT AEMOHCTPauWA oWUGOK U nocneacTeuni
HeBepHbIX [NenCTBUNA:

MocneaHuM acnekToM, Ha KOTOPOM Mbl XOTUM OCTaHOBMTbLCH, 3TO TeCTUpoBaHue. 3agaya
TECTUPOBAHWA - nonyyeHue orTBeTa Ha 6a30Bblid BOMpoc: cnocobeH Nu TpeHaxep ¢opMupoBaThL
HaBblKM, TMONHOCTLIO AafeKBaTHble TeM, KOTOopble BbipabaTbiBalOTCA B peasibHOM nonete WU



Circular/Circulaire/Uupxynsp 243-AN/146 A-269

COOTBETCTBYIOT STaNoHHOMY nuNoTUpoBaHuio? [pusHaHO, YTO 3IKCMEpTHLIE OUeHKWU (XOpOollo, MNOoXo,
YROBNETBOPUTENbHO) COBEPLLEHHO HeAoCcTaToyHbl, XOTA, 6e3ycnoBHO, HeQbXOAUMBbI.

Mo Hawemy MHEHWIo, UCMbITaHNA TpeHaXkepa [O/MKHbI NPOBOAUTLCA B Tpu 3rtana. Ha
NepBOM WUCMNbITLIBAIOTCA OCHOBHBIE KOMMOHEHTbl. ‘Ha BTOPOM WCMLITLIBAETCA TPeHAXep B pexume
aBTOMAaTUYecKoro nunotuposaHuA. [pu 93TOM 3a0alOTCA 3TanoHHble YnpasnAlolive BO3AEWCTBUA
(AvcKkpeTHble U HenpepbiBHbie). Ha TpeTbeM aTane TpeHaxep Mo cneuuansHow MeTofuke OUeHWBaoT
BbICOKOKBANUMUUMPOBaHHbIE NeTYuKU-ucnbiTatenu, fNetuynk, paHee He paboTaBlUMA HA TpeHaXepe, HO
netaslMi Ha camoneTe, QOMKeH 3a KOPOTKOe BPeMA HayYUTLCA MPaBuNibHO NUNOTUPOBATL TReHaXep.

OnAa oueHkn obyqalolmMx KavecTs WCnonb3ayetCA cnepytowan npoueapypa. TpeHaxep
NpeabLABNAETCA TPynre NuioToB, UMEIOLMX OOCTAaTOYHbIA ONbIT NONETOB Ha peasibHOM camMmonere, HO
He "netaswmx" Ha TpeHaxepe. ObyyaroWwMe Ka4ecTsa TpeHaKepa CYUTAIOTCR BLICOKUMU, ecnu Ka)Kabin
NUNOT peanuayeT uepes 2-3 MONbLITKM Ha TpeHaXXepe XapaKTepuCTUKKW NUAOTUPOBaHWA, Onuakue K
3TanoHHbiM. EcnM 970 He yaaeTcA, HeoOXOAMMO BbIACHUTE MPUYUHY 3TOrQ ABNEeHuA, a ofyvyawouive
KayectBa CYMTAKOTCA HEQO0CTATOYMHbIMMW.

Takum ob6pa3om, Mbl U3NOXXWUNKM BCe COCTABNAKOLLIME HanpasneHWA CoBepLieHCTBOBAHWA
obyqaolwmx Kayects KOMNNEKCHbIX TpeHaXepoB. [lo HawieMy MHeHwio, ofyuaiouive KauecTBa MOMyT
M DOMKHbl ABNATBCA MEpPON COBEpPLIEHCTBA TPEeHaXKepos.
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ABSTRACT

This paper discusses how the problem of analyzing human erroneous behaviour can be
appropriately tackled by a framework that comprises four phases, namely: 1) the consideration for
a paradigm of human behaviour; 2) the development of a taxonomy of human erroneous actions;
3) the evaluation of appropriate tables of data and 4) a methodology of analysis at different levels
of complexity. An application of the proposed method has been focused on the accident of the
flight AZ-404 Milan-Zurich. The study has been performed from two different hypotheses
concerning the human erroneous behavior. The results, in terms of root causes and manifestations,
have been compared.

" INTRODUCTION

Nowadays, the vastly improved reliability of mechanical and electronic components has
further contributed to the increased human implication, as the "causal factor”, up to approximately
70% of the accidents for air carriers (Nagel, 1988). Moreover, the advent of "glass cockpit”,
which has enhanced the role of the pilot as "supervisor" rather than actor in the flight control
process, and the extensive use of Information Technology (IT) for the design of the Cockpit
Resources Management, have induced additional perspectives in human factors analysis (Speyer,
1990). These can be summarized in the need to study in detail the cognitive/decisional processes
as well as the dynamic interaction within the loop pilot-aircraft-control system. Consequently, the
improvement of human factors methods calls for the consideration of the "interactive system"
represented by the pilot(s), their mental processes and the dynamic, IT governed, environment in
which they operates.

The main objective of this paper is to propose a method which couples a classification
(taxonomy) of human erroneous behavior with the dynamics of the working domain in which the
human skill is operating, i.e., the pilot-airplane-control system interaction. The proposed analysis
of human erroneous behaviour is based on four phases:

1. The availability of a model or paradigm of human behaviour.
2. The development of a taxonomy (classification) for human erroneous behaviour.
3. The existence of tables of data between the actual working domain and the taxonomy.
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4. The presence of a method of analysis.

While the availability of an adequate model of cognition and the systematic
classification of human erroneous behavior are theoretical issues, the drawing of data from actual
situations and the application of the technique to design and/or evaluation of real airplane control
and management are topics of practical consideration. In this paper, we will describe the proposed
methodology focusing on the model of the pilot and on the taxonomy of erroneous behavior. We
will then apply the methodology to a retrospective study of the accident of the AZ flight 404
Milan-Zurich on November 1990. We will show how the root causes of the accident, as far as the
human factors are concerned, can be searched and analysed in a "systematic" way using the
proposed taxonomy framework and the data collected from the flight voice recorder.

DESCRIPTION OF METHODOLOGY

A Model of cognition and a Taxonomy of erroneous behavior

The availability of a paradigm (model) of behavior of cognition is the necessary initial
condition for the construction of a taxonomy of erroneous actions. More specifically, the model
must be able to emulate and control at least the following categories of operator functions:
perceptionlobservation (OBS), memory (recall of information), interpretation (INT)
(identification/diagnosis), planning/choice (PLAN) (decision making), and action/execution
(ACT) of a plan. These categories can be formalized (Hollnagel, 1993) in terms of a Simple Model
of Cognition (SMoC) (fig. 1).

[ 1

Inter
pretation
Pre-defined
I /,._-——- responses

| A
I B X

Data/
Measurements Actions

Figure 1 A Simple Model of Cognition
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In the context of human factors analysis, the cognitive model needs to be included in a taxonomy
framework in order to identify categories of erroneously performed actions. We will refer in our
methodology to a taxonomy, developed since some years, which is being adjusted to fit the SMoC
paradigm and is based on the principle to maintain, at all levels, a clear distinction between
causes, manifestations and consequences of erroneous behavior. The causes of erroneous
behaviour are the reasons which determine the occurrence of a certain "inappropriate" behaviour.
The manifestations are the forms or modes in which the "inappropriate” behavior takes place. The
causes can be further subdivided in intemal or “person related" and external or "system related",
but the latter play a role only as possible triggering conditions, able to set-off or modify a person
related cause or even a random event. It is up to the safety analyst to perform the appropriate
evaluation of the working environment in order to identify and quantify these external, system
related factors affecting the human behavior.

The incidental sequences due to erroneous behavior can originate at anyone of the four
levels of the SMoC. In order to apply the taxonomy to the working environment, four tables can
be developed for the detailed analysis of causes and manifestations of erroneous behavior
corresponding to the 4 functions of the SMoC. In each table the causes and the manifestations
(effects) are further subdivided in general (cause/effect) and specific (cause/effect), according to
whether they represent a generic situation or a more specific case. In the tables each General
Effect (GE) and its related Specific Effects (SE) are liked to a General Cause (GC), which is the
manifestation of an erroneous behavior at the level immediately preceding; and/or to a Specific
Cause (SC), depending also on a system related event or on a random occurrence. Tables 1-4
report the taxonomy with reference to the four phases of SMoC, i.e. Action (ACT), Planning
(PLAN), Observation (OBS) and Interpretation (INT). For brevity, only no detailed comments on
these tables are reported here, while a better description can be found elsewhere (Pedrali, 1993).
This way of analysing the human behavior can be proceduralised.

A Framework of Application

In figure 2 the procedure is depicted for analysing an existng sequence of events,
starting from the manifestations (effects) and searching, in a retrospective way, for the causes at
all levels of the SMoC. The starting point is thus the manifestation of the erroneous behavior, i.e.
the inappropriate action (ACT), which is also called "phenotype" and it is described as a SE and a
correspondent GE. From this initial condition, the steps to be followed by the analyst are:

1. Search for the GC(s), using the taxonomy tables (tab. 1). If only Random Events are
identified, then the search is finished. Else continue.

2. Identify the GE and SE at the level immediately above (tab. 2), namely PLAN. Note that the
GCs at any level are equal to the GEs of the level immediately above! Search for the GCs
and/or SCs at this level. If SCs are found, one branch of the analysis is terminated .

If GCs exist, then the search for more (other) root causes at the above level (INT).

3. At INT level the same procedure is applied in order to reach the level of OBS. At this level
only SCs are to be recognized from the taxonomy and the search process terminates.

The analysis performed in this way, leads to the identification of the level at which the initiating

human event has occurred, to the system related causes and to any other Specific (root) Cause.
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General Effect Specific Effect General Cause Specific Cause
Incorrectly timed action Delay Incorrect choice of
QOmission alternative (PLAN)
Premature No choice made (PLAN)
Action out of sequence Jump forward Random Event
Jump backward (System Related)
Repetition : '
Reversal
Continue beyond end
point
Failure to complete
Incorrect Action Branching Incorrect choice of
Capture alternative (PLAN)
Intrusion
Side tracking
Incorrect Farce Too much Random Event
’ Too little (System Related)
Incorrect Duration Too long
Too short
Incorrect Direction Too far
Too short
Wrong movement type
Wrong direction
Incorrect Object Neighbour Incorrect choice of
Similar object alternative (PLAN)
Unrelated object

Table 1. Error modes realted to the Action/Execution part of SMoC

General Effect

Specific Effect

General Cause

SpecificCause

No choice made

Incorrect choice of
alternative

Decision paralysis
(Chock, Fear, ...)
Incomplete matching of
aliernatives

Pre~condition not
considered
Side-effect not considered
Sub-goal not considered

General functions

Planning horizon 0o
short

Satisficing
Recognition primed
choice
Wrong criteria used
Use of wrong decision rule

Incorrecy/incomplete
recognition of state (INT)

Incorrect identification

(NT)

Incorrect diagnosis (INT)

Table 2. Error Causes realted to the Planning/Choice part of SMoC
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Incorrect Incomplete
recognition of state

Incorrect assumptions

General Effect Specific Effect General Cause Specific Cause
Incorrect identification Incomplete or partial General functions:
recall
Incorrect recall (of wrong ﬁﬁghﬁ;ﬁﬁlﬁe
knowledge) ;
Incorrect reconstruction Memo.ry fa.llou;e
¢ Recalled knowledge is Oper‘atfon i
wrong 2 'nus,u{dged
Phisiological needs
Premature identification Recent failures
Incorrect diagnosis Misinterpreted symptoms Time compression
Symptoms confused Work overload
Unfamiliar situation Deduction failure
Inadeguate knowledge
Frequency gambling Induction failure
Similarity matching Lack of training
» ) Long interval'since
Subjectively ambigous learning
information

Over-generalization

Failure to notice
signal/alarm (OBS)

Incorrect/Incomplete
recognition of value
(OBS)

Table 3. Error Causes realted to the Interpretation part of SMoC.

General Effect Specific Effect General Cause Specific Cause
Failure to notice
signal/alarm
General functions
Incormrect/Incomplete Reading wrong value
recognition of value Reading wrong indicator

Table 4. Error Causes realted to the Perception/Observation part of SMoC
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THE ACCIDENT OF ZURICH

The study of a real accident has been performed applying the taxonomy in a
retrospective way aiming at the identification of the root causes of the human erroneous or
inappropriate behavior. The accident examined is the crash of the DC 9-30, Alitalia flight 404
Milan-Zurich, against the hill of Stadelberg on November 14th, 1990. On that day, the Alitalia
flight 404 was approaching the Zurich airport and at 20:06:20 hours the aircraft was authorized to
descend to 4000 ft, the aititude at which the final approach starts. At this point, a number of flight
control operations were carried out in order to capture the glide slope ("from below"), within few
seconds. At a distance of 11 NM the airplane was flying too low (~1000 ft), with reference to the
glide, however, neither the crew nor the ATC detected this state. The aircraft followed the
localizer (LOC-14) precisely, but descended constantly below the glide path, as if it was
established on the glide, until the crash on the ground at 20:11:17 hours.

This accidents has been the object of many inquires made primarily by the Swiss
authorities, under the coordination of the Office of investigation of the aeronautical accidents, and
also by the Accident Investigation Group of the ANPAC ("Associazione Piloti Aviazione
Commerciale") and by the Accident Analysis Committee (AAC) of the IFALPA ("International
Federation of Airline Pilot Association"). The aim of this analysis is to show how the proposed
methodology could serve the purpose to search for the root causes of human behavior, given
certain environmental and cognitive conditions which may have strongly affected the pilots
believes, decisions and actions during the course of the accident evolution.

The study of the human factor

The analysis of the accident, carried out on the basis of the voice recorder and by
making a number of logical and plausible considerations, has clearly shown that the crash was the
result of the combination of several concurrent system (components) malfunctions/failures and
human factors as well as environmental conditions. We will not discuss further the system
malfunctions identified by the official inquiry, but we will focus on the analysis of the human
factors developed during the accidental evolution from two possible perspectives. Indeed, with
reference to the findings of the official commission of the inquiry, we will apply the taxonomy in
two different ways:

1. to study the causes related to the human factors identified by the official commission;
2. to evaluate a different hypothesis relative to the initiating human cause.

According to the results of the official commission of the investigation, the safety

measures, which should have prevented the airplane crash, failed at all three levels, namely:

1.  The flight navigation system (the VHF NAV unit No 1) was malfunctioning, giving the false
indication "on glide", whereas the airplane was flying 1000 ft below the glide path.

2. The crew flight management showed inadequate system failure analysis, non-compliance
with basic procedures and poor cooperation between pilots.

3. The air traffic control did not monitor the adherence to the clear altitude of 4000 ft before
the Final Approach Point and the airplane's vertical alignment on the ILS.
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Focusing on the crew flight management, the commission of inquires concluded that, despite the
VHF NAV malfunction, there was a number of erroneous actions made by the pilots: -

1. the crew omitted to report "established” on the ILS;

2. they omitted to perform the briefing of "CAT 1", following the failure of the NAY system,

3. they omitted the regulation of the Decision Height (DH) at 200 ft.

Moreover, these errors must have been coupled to a continuous misreading of the "drum pointer”
altimeter by the Captain, which led to a series of related inappropriate actions, namely:

4. the interrupted "go around" and the subsequent

5. "leveling" prior to the crash.

We identified these 5 events as the phenotypes of the human behavior and we have applied the
taxonomy in a retrospective way, for the evaluation of their root causes.

The first analysis

The application of the taxonomy, according 1o the procedure described above (figure
2), revealed that the phenotypes 1, 2 and 3 were Omissions while phenotypes 4 and 5 have shown
a more complex nature. For sake of brevity we will describe here only the analysis of phenotype 1
and we will only sketch the others, making some observation on the findings.
Phenotype 1. The Omission (SE-ACT) to report "established" on the ILS by the crew has been
considered as an Incorrect choice of alternative (GC-ACT => GE-PLAN),more specifically a Use
of wrong decision rule (SE-PLAN), since they noticed that all four NAYV indications gave an "On
Glide" indication without a waming flag appearing. This Specific Effect was due only to a
Specific Cause - work overload - triggered by two System Related Causes, namely conflicting
priorities, since the pilots had to follow the approach to landing procedure at the same time as 10
maintain the separation from preceding airplane, and inadequate functioning, of the Automatic
Flight Control System.
Phenotype 2 and 3. The Omissions (SE-ACT) relative to phenotypes 2 and 3 can-schematically be
described as follows: No choice made (GC-ACT => GE-PLAN), Planning horizon too short (SE-
PLAN), Work overload (SC-PLAN) and Time compression (SC-PLAN), Conflicting priorities
(System Related Cause).

Phenotypes 4 and 5. In order to define the root causes of phenotypes 4 and 5, it has been
necessary to backtrack through the taxonomy up to the level of Perception/Observation. For
example, the interrupted “go around" has been recognized as a Failure to complete (SE-ACT),
due to an Incorrect choice of alternative (GC-ACT => GE-PLAN), more specifically a Wrong
criteria used (SE-PLAN), caused by Lack of training (SC-PLAN) of the co-pilot unable to
overcome the decision of the Captain to stop the "go-around”, and by an Incorrect recognition of
state (GC-PLAN => GE-INT). This inappropriate interpretation was due to an Incorrect
recognition of value (GC-INT => GE-OBS), provoked by the ambiguous labeling of the indicator
(System Related Cause), and more specifically by the Captain Reading the wrong value (SE-OBS)
on the drum pointer altimeter because of Failure of aitention (SC-OBS).

A similar type of analysis, performed for the “leveling”, has led to the same root cause, Failure of
attention (SC-OBS), even if a different path has been followed through the taxonomy.
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From the analysis of these erroneous behaviors it results that, while errors 1-3 are very clearly
identified and explained, the underlying reasons of phenotypes 4 and 5 are much more complex to
enhance. Indeed, they are both dependent on a common fundamental specific cause, which resides
at the first level of the cognitive process, i.e., the erroneous reading (observation) of the altimeter
due to failure of attention, and they are both sustained by a number of other causes related to the
socio-technical environment of the crew. The phenotypes 4 and 5 are thus quite different in nature
and causes than the phenotypes 1-3, which are based on much simpler and immediate
representation of the situation.

The second analysis

These particular remarks relative to phenotypes 4 and 5, coupled with a very important
feature of the findings, namely the fact that the altimeter of the Captain was never found, have led
us to attempt the analysis of the accident, with particular focus on these last two errors, from a
different perspective. We have postulated a much simpler error of the Captain: the miscalibration
of the altimeter. We have, then, performed the analysis of the accident from the instant of the
miscalibration onward, applying the taxonomy in a prospective manner. Here are the results.

The instant of the calibration of the Altimeter of the Captain, who was acting as the
Associate-Pilot, from the QNH (1019, in this case) to the QFE value (970), should have occurred
at a height of about 5000 ft approximately. The wrong calibration of the instrument could be
classified as a Wrong movement type (SE-ACT), or more in general as a phenotype of Incorrect
direction (GE-ACT). From table 1, this type of error is only linked to a system related random
event, with no connection to the other levels of the taxonomy and only general function of the
working domain can be analysed as the triggering conditions of this error. For example,
interference of communication within the crew or conflicting priority with another request of the
Co-pilot could be seen as the external factors triggering the random error of miscalibration. So
this error could be very simply classified. '

From this point onward, if we assume that the altimeter of the Captain was calibrated at
a pressure somewhere in between 1019 and 970, the altitude reported would have resulted higher
than the actual one in a QFE-ATL mode: this miscalibration could have approximately
compensated for the low altitude at which the airplane was flying. With this scenario in mind, the
prospective analysis of the interrupted go-around and the subsequent leveling (phenotypes 4 and 5
above) can be carried out assuming that the Captain did not misread the altimeter but, quite on the
contrary, always read correctly an inadequate functioning instrument. In this case, using the tables
of the taxonomy and following the procedure of application (fig. 2) in the direction of the
prospective analysis, there would be: an Incorrect/incomplete recognition of state (GE-INT =>
GC-PLAN) ("altitude too low"); this would lead to a Recognition primed choice (SE-PLAN)
("no-need to increase level of flight") and more in general to an Incorrect choice of alternative
(GE-PLAN => GC-ACT), represented by the Failure to complete (SE-ACT), ("the interrupted go-
around"), and by the Unrelated object (SE-ACT), ("the leveling").

This analysis, although based on a speculation concerning a possible error of calibration
of the altimeter, carries to two relevant features in contrast with the previous study:
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1. A simpler construction of the sequence of the accident is obtained, as far as the errors of go-
around and leveling are concerned. This is more coherent with the reconstruction of the other
events of error of omission made by the crew during the ATL phase. In other words, the
inappropriate behavior shown by the crew during the various phases of the accident remains,
as in the previous cases of omissions, at the level of errors of planning or of random errors,
which are very common in everyday life and do not call for a complex cognitive analysis.

2. The repetitive erroneous reading of the altimeter is not identified as one of the root causes of
the accident. Indeed, this continuous error can be considered as a rather unlikely event, given
that the Captain was a very experienced pilot with more than 10000 hours of flight and thus
very well used to capture at once the information from the altimeter reading.

CONCLUSIONS AND FUTURE PERSPECTIVES

This paper has described a mcihodology for studying the human factor in man-machine
interactive systems. Its potentialities have been shown in an application to a real accident situation
applied to the avionics domain.

The results obtained have demonstrated that it is possible to use the reports on
accidents to analyse in detail and derive the root causes of human behavior. In most cases, the
lessons learned from such analyses can be used for improving further the design of control
systems and specially the training of personnel. This could be exactly the case of the accident of
Zurich, in which the work overload and the time pressure have been identified as the root causes
of a number of crucial errors, while the misreading of the altimeter (case 1) or the miscalibration
of the same instrument (case 2) have played an additional role in the accident evolution. These
two main causes are becoming predominant in accidents of modem technological systems and
they must be handled by appropriate design features as well as by ad-hoc training.

The overall methodology has not yet been fully formalized in an instrument able to
sustain the safety analyst and the designer of control procedures. However, the results obtained in
the application to the case of the Zurich accident have been very promising and are encouraging
for the remaining work of development still to be carried out. :
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VERBAL PRESENTATION
Dr. Thomas McCloy and Dr. Mark Hofmann (USA)
Overcoming Obstacles in the Application of Research to Practice

in the Aviation Environment

Good afternoon. It is a pleasure to be with you to speak about
a topic of great interest to all of us--Overcoming Obstacles in
the Application of Research to Practice. I might add that the
movement of research to practice which has been evident
throughout this symposium, reflects that I am speaking to a

knowledgeable group with regard to this topic.

In the final analysis, it is the objective of all research to
get into practice either directly or indirectly by supporting
other research that ends up in practice. Therefore,
understanding and removing obstacles that may impede meeting
this objective is an important topic. Though I will not have

many visual aids today, this particular quote
VG~1

I believe contains great meaning for the-topic at hand.
Introducing anything new, which research to practice inevitably
does, has never been easy, a point that Machiavelli succintly
pointed out nearly 500 years ago. I humbly submit that things
have changed very little since that time. Some, like John

Gilman in his 1991 article in Physics Today, entitled Research
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Manaéement Today, may say the problems have become worse
"because of muddled language to describe research, counfér-
productive managemeﬁt policies, and unfavorable\financial
conditions." However, one way to combat the resistance to
change which Machiavelli captures in his note is to first and
foremost build a constituency or customer base. For the case
at hand, this means developing a base for human factors
reSearch and the products it produces. If there is not a
constituency or customer.base, the chance of moving from .
research to practice diminishes greatly and eventually the

support which exists for the research will erode.

There are many strategies to buiid this customer base, but one
effective way is to actively involve the potential customer in

the planning and execution of the research.

This technique of active involvement of customers or potential
customers in the research process helps focus the research. It
facilitates shaping and maturing the research produbt into a
form that best solves customer problems, enhances the
likelihood the product will have value added and aésist in
making the product customer acceptable. It must also be
remembered, that customers should not be narrowly defined. For
example, in the aviation environment, cuétomers can include
pilots, air traffic controllers, maintenance personnel; flight
attendants, and so forth. They can also include management

personnel, unions, professional groups, engineers, regulators,
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inspectors, etc. Anyone of the above-mentioned customers or
more likely some combination of the above, will be involved if

research is to enter practice.

Customer accepténce or overcoming the obstacle Machiavelli so
eloquently pointed out should not be taken lightly. How many
research products and technologies struggle for introduction
and application because of the significant resistance to change

which must first be overcome. Often this situation is

independent from the overall objective value of the product.

Customer acceptance is so important that technoldgies may be

derated to minimize the changes which are required for

“introduction.

For example, insistence on keeping boiler guages on CRT’s or
advanced display mediums - do not develop better ways to
present information - use the same old presentation or
interface mode that was required by the old technology even if
it is ﬁot required by the new. Then maybe you can gradually
improve the presentation mode over time so resistance to
acceptance is minimized. Problems in reducing resistance can
be magnified many times and become incréasingly complex when
one moves from this simple example to expanded customer bases
and largervsystems‘with their inherent cﬁltures and procedures.
For example! consider the introduction of collision avoidance
advisory systems on onboard aircraft which can cause pilots to

take evasive actions that otherwise would not occur without air
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traffic direction and when they do, occur can have a direct

impact on air traffic controllers’ ability to manage traffic.

Clearly not all resistance will be dissapated by customer
involvement or all problems solved, but in m&st cases, if
handled correctly, it will not hurt. This customer
participation demand oriented model is in no way meant to infer
that all research must be focused on solving the here and now
today problems of aviation customers-at the expense of
technology push or longer-range research. A centinuum of
research is needed for research program staying power and

staying ahead of the power curve.

A second area where obstacles can be found in getting human
factors research products to practice is developmental policies
and processes or lack thereof. It is essential that human
factors research products be considered for applicability and
value in all de&elopments, be they hardware, training,
organizational, or other. Further, they must be considered in
‘a systematic manner with emphasis on the early stages of the
development. This obstacle, if it exists, is best overcome by
policy that requires and rewards their consideration. These
policies must come from higher-level management who must be
sold on the value added of the research ﬁroducts in a 1exicon-
they understand.. It might be added, this marketing can.be

immeasurably helped by having customer support.
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Last but not least, in overcoming obstacles in going from
research to practice is the trained human factors specialist.
It is these folk who often must take the product forward to
application by working with intermediate as well as end
customers. These persons must have knowledge of human factors
research products as well as developmental processes. To be
effective, they must be able to interact and communicate with
persons of other disciplines. They must belable to operate in
the real world in real time with all the tradeoffs this
environment imposes. They must also be strategically placed in

the organization in sufficient numbers to do the job.

In conclusion, for overcoming obstacles in the application of

research to practice in the aviation environment one needs to:
VG-2
a. Have research products that provide value added.

b. Have processes whereby the products can be

introduced.
C. Have skilled persons to introduce the products.
To accomplish this:

VG-3
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a. Establish a program of research which'is balanced in
terms of longer and shorter term research that is
focused by active customer participation and matured
through the process of analysis, simulation, and

field validation.

b. Establish via high-level policy the requirement and
process to consider human factors in all

developments.

Ce Establish a cadre of trained human factor specialists
and strategically place them in adequate numbers inin

the organization.
I believe from what we have heard at this symposium, the
aviation community is effectively overcoming many of the

obstacles found in application of research to practice.

Thank you for your kind attention.



Major Obstacle

"It must be remembered that there is nothing
more difficult to plan, more doubtful of success,
nor more dangerous to manage, than the creation
of a new system, for the initiator has the enmity
of all who would profit by the preservation of the
old institution and merely luke warm defenders in
those who would gain by the new one..

Machiavelli, 1513
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Establishing Elements

» Balanced programs of research established with
active customer participation.

» Policies and rewards to consider Human
Factors products in all developments.

» Cadre of trained Human Factors specialists strategically
placed in the organization.
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Elements for Successful Transitions

« Research products which provide value added.
* Processes whereby products can be introduced.

- Skilled persons to introduce products.
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Appendix B
EVALUATION OF THE SYMPOSIUM

The participants, keynote speakers and panel chairpersons were asked to assess the symposium.
The following evaluation reflects their assessment as submitted to the secretariat at the end of the
Symposium.

The Second Flight Safety and Human Factors Global Symposium, organized jointly by the United
States Government and ICAQ, constituted an important step in the ICAO Flight Safety and Human Factors
programme.

The Symposium underlined the importance of consolidating the experience and knowledge gained
by States, airlines, and international organizations in the area of Human Factors. The excellent attendance
attests to the need for future events to update the level of knowledge and most importantly, to share that
knowledge among States and institutions. In this way, the improvement of safety in aviation through
better understanding of Human Factors will become a reality.

Responses through Symposium assessment forms were received from the majority of the
participants. The assessment questionnaire contained four questions designed to obtain feedback and to
make recommendations for future Symposia.

In response to the question: What is your overall opinion of the Symposium? 34 percent of
respondents graded it Excellent, 47 percent Very Good, 12 percent Good and 07 percent Appropriate. The
majority of comments received highlighted the need to have similar Symposia at regular intervals. This
can be best summarised through the words of one respondent: "As excellent as the papers presented were,
is the action of bringing the world experts together to share their experience and information”.
Participation from developing States was felt to be missing. The wish of such representation through
ICAO fellowships in the future was expressed. All respondents expressed admiration on the top quality
of the interpretation services.

The second question consisted of three parts. In response to question number 2(a): Were there
topics irrelevant to the work programme? Al respondents said that all topics were relevant. In response
to question number 2(b): Were there topics other than those presented which should have been included
in the work programme? Respondents included a long list of topics (20 all in all) which they felt should
have been addressed. 65 percent felt that a topic on Human Factors Awareness for Management Personnel
should have been included. In response to question number 2(c): Please rate the relevance of the lectures
presented to your operational/training requirements, 70 percent found them to be relevant to their
requirements while 20 percent indicated that, though the presentations as a whole were relevant, some
presentations seemed to aim at "what we have done" rather than " what we have discovered or achieved".
They said that "additional depth would have been appreciated".

The third question asked participants to rate the technical work programme as a whole. 90 percent
of the respondents agreed that, overall, the technical work programme was very good. Quality of
interpretation was rated excellent.

B-1



Circular 243-AN/146

Question Number 4 asked the participants: What should be the theme of the next Flight Safety and
Human Factors Global Symposium, planned for 19967 In response to this question the majority (75
percent) agreed that the theme of the next Symposium should address Human Factors and Management.
It was felt that this theme augmented by presentations on "Human Factors and International Cooperation”
would go a long way to achieve ICAO Human Factors objectives as declared in all Human Factors .
Digests. Other Symposium themes suggested by participants included: Safety in Complex Systems and
Integration of Human Factors in Airline Operations. '

Eighty five percent of respondents recommended that ICAO should continue to organize Regional
Seminars designed to address the particular requirements of the regions were they are held. Many of the
representatives considered such regional seminars as the preparatory ground for an effective participation
by regional experts, especially from the developing States, in the Global Symposium. Many suggested
that ICAO take steps to assure that the developing States fully participate in future regional and global
seminars, to update the knowledge and commitment to Human Factors throughout the industry.

The ICAOQ initiative which led to the holding of this Symposium and the four regional seminars
since the First Global Symposium in Leningrad conforms a deep commitment to solving the Human
* Factors issues which confront the air transport industry. Participants of the Symposium expressed their
appreciation to ICAO for its initiative and conduct of the proceedings and to the United States
Government for its generosity and hospitality in hosting the Symposium.
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ICAO TECHNICAL PUBLICATIONS

The following summary gives the status, and also
describes in general terms the contents of the various
series of technical publications issued by the Inter-
national Civil Aviation Organization. It does not
include specialized publications that do not fall specifi-
cally within one of the series, such as the Aeronautical
Chart Catalogue or the Meteorological Tables for
International Air Navigation.

International Standards and Recommended Prac-
tices are adopted by the Council in accordance with
Articles 54, 37 and 90 of the Convention on Inter-
national Civil Aviation and are designated, for
convenience, as Annexes to the Convention, The
uniform application by Contracting States of the speci-
fications contained in the International Standards is
recognized as necessary for the safety or regularity of
international air navigation.while the uniform appli-
cation of the specifications in the Recommended
Practices is regarded as desirable in the interest of
safety, regularity or efficiency of international air
navigation. Knowledge of any differences between the
national regulations or practices of a State and those
established by an International Standard is essential to
the safety or regularity of international air navigation.
In the event of non-compliance with an International
Standard, a State has, in fact, an obligation, under

Article 38 of the Convention, to notify the Council of )

any differences. Knowledge of differences from
Recommended Practices may also be important for the
safety of air navigation and, although the Convention
does not impose any obligation with regard thereto, L“I;e
Council has invited Contracting States to notify such
differences in addition to those relating to International
Standards.

Procedures for Air Navigation Services (PANS) are
approved by the Council for world-wide application.
They contain, for the most part, operating procedures

regarded as not yet having attained a sufficient degree
of maturity for adoption as International Standards and
Recommended Practices, as well as material of a more
permanent character which is considered too detailed
for incorporation in an Annex, or is susceptible to
frequent amendment, for which the processes of the
Convention would be too cumbersome.

Regional Supplementary Procedures (SUPPS) have a
status similar to that of PANS in that.they are approved
by the Council, but only for application in the respective
regions. They are prepared in consolidated form, since
certain of the procedures apply to overlapping regions
or are common to two or more regions,

The following publications are prepared by authority
of the Secretary General in accordance with the
principles and policies approved by the Council.

Techmical Mannals provide guidance and infor-
mation in amplification of the International Standards,
‘Recommended Practices and PANS, the implemen-
tation of which they are designed to facilitate.

Air Navigation Plans detail requirements for facili-
ties and services for international air navigation in the
respective ICAO Air Navigation Regions. They are
prepared on the authority of the Secretary General on
the basis of recommendations of regional air navigation
meetings and of the Council action thereon. The plans
are amended periodically to reflect changes in require-
ments and in the status of implementation of the
recommended facilities and services.

ICAO Circulars make available specialized infor-
mation of interest to Contracting States. This includes
studies on technical subjects.
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