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The officers, of the seminar were: 

XCAO 

W.R. Fromme 
0. F r i t s c h  

Y .  Kravchenko 

D. Lane 

Director, Iir Navigation Bureau 
Chief, Accident Investigation and Prevention 
Section 
Technical Officer, Accident Tnvestigat ion and 
Prevention Sect ion  
Chief, Personnel ~icensing and Training 
Section 
Technical Officer, Personnel ~icensing and 
Training Section 
Secretaryc Accident Investigation and 
Prevention section 
Chief Interpreter 

A.M. Goryashko Deputy Minister o f  USSR C i v i l  Aviation 
B.A.  Ryzhenkov Executive Secretary, USSR c o d s s i o n  f o r  XCAO 
G.A. Kryzhanovskiy Director of Civil Aviation Academy 
Y.A. Balakin Director of Leningrad Civil Aviation 

Department 
V . Z .  Artemyev Chief  of International Branch, C i v i l  Aviation 

Academy 

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

The great importance that ICAO places on t h e  application o f  Human 
Factors knowledge is reflected in Azsembly Resolution A26-9: "Human Factors 
programmes .., should be put to practical use, with a v i e w  to raising the 
safety level of air transport." Given this importance, it was considered 
essential tha t  as many as possible attend t h e  seminar in Leningrad, so they 
could benefit  from the papers and discussions presented by t h e  world's 
foremost experts in Human Factors. The seminar was no t  limited only to State 
off ic ia ls ;  the attendance also included representatives from airlines, 
manufacturers and academic institutions. 

The theme of t h e  seminar was "the application o f  Human Factors 
knowledge to aviation management, t ra in ing  and operations", w i t h  the faLlowing 
objective: "to .improve s a f e t y  in aviat ion  by making the  States more aware and 
responsive to the importance of Human Factors in c i v i l  a v i a t i o n  operations 
through the  provision of practical H W n  Factors materials and measures, 
developed on the basis of the experience in S t a t e s " .  
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EVALUATION OF THE SEMINAR 

The k e y n o t e  s p e a k e r s  and panel  chairman w e r e  asked  t o  
a s s e s s  t h e  seminar .  T h e  f o l l o w i n g  e v a l u a t i o n  re f l ec t s  
their assessmen t  a s  p r e s e n t e d  t o  the seminar  on the 
f i n a l  day .  

This first international seminar on Human Factors, held jointly by 
the USSR and ICAO, constituted an important step in the ICAO Human Factors 
programme. There were over 230 participants from 30 States. As well, a 
number of international organizations and associations participated. 

The seminar underlined the importance of consolidating the 
experience and knowledge gained by States in the area of Hun\an Factors. The 
excellent attendance attests to the need for further seminars, both to update 
the knowledge level and to share that knowledge and commitment to Human 
Factors among States. 

The USSR initiative, which led to the holding of this seminar, 
confirms a deep commitment to solving the Human Factors problems which 
confront aviation. Delegates to the seminar expressed their appreciation to 
the USSR for its generosity and hospitality. 

The purpose of this assessment is to present ideas and to make 
recommendations for future seminars. The time frame of five days for the 
seminar was perhaps too long. The combination of lengthy sessions, a large 
number of papers and coincident professional tours of the highest calibre 
imposed a demanding schedule on the participants. Future events should 
preferably be less demanding. In view of the success of the seminar and the 
quality of material presented, there is general agreement that the proceedings 
should be circulated widely to States as soon as possible. 

With regard to future seminars, both regional and global seminars 
are recommended. Regional seminars would allow the participation of a greater 
number of countries, particularly those of the developing world, while global 
seminars would ensure that the momentum generated by this Leningrad seminar is 
not lost. As well, a global seminar every three or four years would allow a 
focus on broader issues while regional seminars could target specific 
concerns. 

The theme of this seminar was intentionally broad to ensure 
sufficient speakers and adequate attendance. This resulted in a wide range of 
topics being presented. The seminar was, therefore, not as focused as it 
would have been with a more specific theme. As well, speakers had some 
difficulty in preparing their papers without knowing the exact target 
audience. Future seminars, particularly regional ones, could be more focused 
in content and the target audience'more accurately identified. 

In the future, ICAO will consider inviting specific speakers to 
assist in selecting a theme, thus ensuring that the correct message is 
delivered and identifying the appropriate target audience. While a 



combination of thearetical and papers are appropriate when the goal 
i s  to update knowledge, it may be less successful for those seminars designed 
to encourage the participation of developing'states. 

Now that t h e  lines of communication between States have been 
opened, attempts should again be made to establish nationally mixed panels. 

' Such panels g e n e ~ a t e  discussion and debate, while nationally aligned panels 
tend t o  present one point of  view. 

The seminar objective was: 

"To improve safety in aviat ion  by making States more 
aware and responsive to the  importance of'~uman 
-pactbcs in c i v i l  aviation operations through t h e  
provision o f  practical  Human Factors materials and 
measures, developed an t h e  basis of experience in 
S t a t e s .  " 

w i t h i n  the  context of the statements made above, the objective was achieved. 
However, many countries who would have benefited moat from exposure to Human 
Factors issues w e r e  unable to .a t tend .  This substantiates the need f o r  
regional seminars on a yearly basis. 

In conclusion, t h e  seminar was classified as a success. Future 
efforts, supported by a fu l l - t ime co-ordinator and published seminar 
guidelines, should be even more successful. ICAO has made an excellent start 
i n  promoting the'study o f  Human Factors and encouraging the,development of 
Human Factors programmes. 
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PRESENTATION OF ABSTRACTS 

The number shown in brackets after the title of a paper'indicates the 
page in 'Appendix A on which the full text (in its original language) 
may be found. 

Persvectives in Human Factors (A-1) 

J. Lederer 

In aviation, human error accounts for over 65 per cent of the accidents. Air traffic 
is expected to double within the next 15 years. If the accident rate remains 
constant, the accidents will double and public confidence in air travel will be 
threatened. Application of Human Factors knowledge is our best counter. 

The objectives of Human Factors were obvious long before a distinct discipline 
emerged. For instance, eighty years ago the Wright Brothers used a simulator to 
train their students. Sixty-five years ago, pilots in the U.S. Army Air Service knew 
that flight by the seat-of-the-pants, without a horizon for reference could cause 
vertigo and developed the needle-ball-airspeed technique. This was replaced by the 
artificial horizon indicator by Sperry for Jimmy Doolittle in 1929. The book Blind 
Flight in Theorg and Practice by Ocker and Crane, was translated into Russian and 
accepted by the USSR years before its importance was recognized in the USA. 

These and other milestones will be discussed as well as the contributions of our 
pilot psychologists and notable Human Factor practitioners. Items for ongoing 
research will be suggested. 

Jerry Lederer , President Emeritus , Flight Safety Foundation, began his career in the 
pre-Lindbergh era as Aero Engineer for the US Air Mail Service, the first system of 
scheduled air transportation. After serving as head of loss prevention for aviation 
insurance interests, he was appointed in 1940. Director, Safety Bureau CAB. Upon 
completing several war assignments, he activated the Flight Safety Foundation in 
1947. Retiring in 1967, he was appointed NASA Director, Office of Manned Space 
Flight Safety. In 1970, he became NASA Director of Safety, retiring in 1972. Among 
many awards are two gold medals from the Soviet Federation of Cosmonauts. 

The relationshiv between Human Factors and flight safety (n/a) 

A.M. Goryashko 

The paper considers the factors which influence the development of crew errors. It 
analyzes the reasons obstructing an effective solution to human performance problems. 
These reasons include the lack of a common approach towards understanding the problem 
and criteria for the causes of crew errors. Ways of solving the problems are 
developed. The paper presents an integrated solution to questions related to Human 
Factors considerations when organizing flight-related activities, aircraft control 
and training of flight crews and controllers. The paper demonstrates the need for 
preventative measures with respect to all components influencing human performance. 

Mr. Goryashko graduated from the Pilot's Training School. He flies six types of 
aircraft and has accumulated a total flight time of 12,000 hours. He is highly 
qua1 ified and experienced in organizing air transport systems and ATC systems in the 
USSR. He graduated from the Civil Aviation Academy. He has served as Deputy Chief 
of the USSR Flight Safety Supervision Board. He is currently a Deputy Minister of 
Civil Aviation in the USSR. 
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The march of cockpit automation: will humans ever replace computers? (A-9) 

E.L. Wiener 

The practice of Human Factors in aviation is largely a race to keep up with rapidly 
advancing technology, and always to some extent losing the race. By the decade of 
the 1960s the profession had closed the gap. Tangible benefits to both transport and 
military aircraft could be &mons.tr.ated. 

Our challenge today is to develop a "philosophy of automation" which will allow us 
to integrate the new technologies and devices as they become available. We must also 
develop operational doctrine and training methods which will allow us to exploit the 
positive features of automation, and control the negative aspects. 

Earl L, Wiener is a professor of Management Science and Industrial Engineering at the 
University of Miami. He received his BA in psychology from Duke University, and his 
PhD 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 cockpit automation research of NASA's Ames 
Research Center. Dr. Wiener is immediate past-president of the Human Factors 
Society. He is co-editor of Human Factors in Aviation, published by Academic Press 
in 1988. 

Human Factors: the operational challenge (A-19) 

F.H. Hawkins 

The effectiveness of Human Factors research and regulatory effort must be assessed 
on the flight deck. Several aspects call for attention. For example, a prime need 
is to clarify the scope and purpose of the technology of Human Factors.. This will 
help to improve pilot credibility and encourage management support, both of which are 
far less universally evident. As well, basic pilot education in human performance 
and behaviour before entering airline service needs to be defined. 

Airlines have adequate tools for measuring pilot flying capability but inadequate 
means of estimating pilot unsupervised performance and behaviour in line operations 
and this is another challenge to the practitioners of Human Factors. 

Captain Frank Hawkins has flown for over 30 years-as a KLM captain and R&D pilot. 
For some 20 years he was responsible for flight deck design. During that time, and 
since retiring from flying, he has specialized in aviation H~man Factors, written 
numerous papers and authored the widely used textbook Human Factors in Flight. He 
holds a Master of Philosophy degree in Applied Psychology and in the United Kingdom 
is a Fellow of the Royal Aeronautical Society, Liveryman of the Guild of Air Pilots 
and a Member of the British Association for Autogenic a raining and Therapy. In the 
United States, he is a Member of the Human Factors Society, the Society of Automotive 
Engineers and the SAE S-7 Committee on flight deck design- 
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PANEL 1: HUMAN FACTORS CONSIDERATIONS IN AIRCRAFT DESIGN 

1. Human Factors considerations in the design of the TU-204 aerovlane (A-520) 

A ; A .  Tupolev 

Some aspecti of Human Factors considerations applied in the, development of the TU- 
204; design of the cockpit, electronic remote control system, control levers, flight 
management and monitoring systems. 

Mr. Tupolev graduated from the Moscow Aviation ~nstitute in 1949. He is a general 
designer of a well-known aircraft design bureau where his career went from designer 
to head of the establishment. He is a member of the USSR Academy of Sciences, author 
of 47 scientific works and has won the Lenin Prize and USSR State Prizes. 

2 .  Human Factors considerations in the research on future control svstems (A-25) 

V . V .  Biryukov, S . Y .  Boris, V . V .  Rogozin and V . A .  Zhiltsov 

Considerations in Human Factors research using simulators and airborne laboratories 
for development of new cockpit display concepts, the evaluation of different types 
of control levers, the selection of control laws for the stability and 
controllability enhancement system and the determination of the pilot's functions in 
automated flight modes. 

Mr. Biryukov is a university graduate and test pilot. Until 1977, he was a flight 
instructor. Since 1979, he has been a test-pilot at the Flight Research Institute. 
He has flown approxi~~lately 40 types of aeroplanes and approximately 20 versions 
thereof (including approximately 15 aerobatic aeroplanes). He has a total flight 
time of approximately 6,000 hours. 

He specializes in the testing of future control systems and. in aircraft 
certification. 

Mr. Boris graduated from the Moscow Aviation Institute in 1973 and holds a Masters 
degree. He currently works in the Flight Research Institute as the head of the 
aeroplane control systems section. 

His expertise is the modelling and flight testing of experimental control systems. 

Mr. Rogozin is a graduate of the Moscow Physico-Technical Institute. He currently 
works at the Flight Research Institute where he is a leading Engineer in aircraft 
testing and heads the flight testing of future control and display systems in 
airborne laboratories. 

Mr. Zhiltsov is a graduate of the Kirovograd Military Aviation School. He began his 
career as an airline pilot and since 1971, he has been a test-pilot at the Flight 
Research Institute. He has flown approximately 25 types of aeroplanes and has 
accumulated some 18,000 hours. He is qualified as a test-pilot and specializes in 
display and navigation systems. 



f . Criteria for eve1 uatim ernonomie factors in civil aviation aeroplane 
c m  (A-36) 

N.A.  Stolyarov 

This paper relates to the analysis and synthesis of the man-machine system, on the 
basis of f l ight  safety requisites, Analytical dependencies of visual attention 
distribution characteristics on the dynamic parameters of the aeroplane displayed on 
instruments are developed. An analysis of the necessary quantity and quality of 
information, on the b a s h  af maximum human capabilities, i s  provided. 

Hr. Stolyarov is a graduate from the S .  Ordzhonikidze Moscow A v i a t i o n  I n s t i t u t e .  He 
began h i s  career a t  the A.M. Tupolev Desfgn Bureau and,was involved in aeroplane 
development from 1963 to 1975. Re worked in the Sta te  Scient i f i c  Research Institute 
of Civ i l  Aviation from 1975 to 1986. He has been working at the Sc i en t i f i c  
EXp@tirneriraL Centre for ATCAutomation since 1986. 

He is a prominent expert in aviation man-machine systems and holds ' a Doctor of 
Technical Sciences degree. 

PAMEL 2: THE ROLE OF ADMINISTRATIONS, OPEWTOR AN) MANUFACTURER 
WINAGEMErJT IH FOSTERING SAFETY 

4 .  b p e t i o c c i d e n t :  ~romises and 
limitations (A-52) 

P. Kayten 

Accident reports are a major source of information on human errors in real-world 
situations. But the very nature of most accidents hampers our search for the causes 
of che errors. A t  the National Transportation Safety Board (NTSB) , we have been 
faced with several questions, such as: (a) Who should conduct human performance 
investigations? (b)  What facts should be callected and what should be ignored? 
( c )  Is a systems analysis appropriate or possible? Id} What is the role of Human 
Factors research in accident investigation? 

This paper discusses these questions and addresses some special  problems for human 
performance investigators: (a)  Data are d i f f i c u l t  to document. (b) Data are 
d i f f i c u l t  ta analyze in causal terms. (c)  We are ambivalent about their  worth for 
determining accident causation. (d) We are convinced of their worth, but are 
uncomfortable about the i r  use for purposes other than accident investigation. 

Phyllis Kayten received a Bachelor of A r t s  degree in Psychology in 1971, and a Doctor 
of Philosophy degree in 1978. As a program manager at Ship  A n a f y t i c s ,  Inc.  from 
f 980 - 83 , she developed training curricula for merchant: marine operational personnel, 
and designed and managed research ta validate the equfvalence of simulator training. 
From 1983-1985 she was  a Human P e r f o m n c e  Investigator at the National 
Transportation Safety Board. From 1986 - January 1990, she served as Special 
Ass i s tan t  to John K. Lauber, Member of the National Transportation Safety Board, 
Since January 1990, she has served as geputy  scientific and Technical Advfsor for 
Human Factors for  the U . S .  Federal Aviation Administration. 
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5. Safety awareness training in Canada: one government' s amroach (A-65) 

J.P. Stewart 

The paper covers the safety awareness training offeredby the ~e~artment of Transport 
with emphasis on Human Factors training. It is based on the realization that Human 
Factors is, perhaps, the only remaining area in which major gains may be made in 
accident rate reduction. The theme of the programme is "risk management". 

Two major aspects of the programme are the Pilot Decision Making Course and the 
Company Aviation Safety Management Programme. The paper discusses the reasons for 
the development of these programmes, their effectiveness in preventing accidents and 
our intentions to develop follow-on programmes. 

Jim Stewart has been involved with aviation for almost 30 years as a pilot, accident 
investigator and safety specialist. After 21 years with the Canadian Air Force, Jim 
was employed as an accident investigator with the Department of Transport. 

Jim is now Direccor of the Aviation safety Programs Branch in Transport Canada, where 
he is responsible for the development of safety educational programs. 

Jim holds an airline transport pilot's licence, is President of the Canadian Society 
of Air Safety Investigators and is on the Advisory Committee of the Aviation Safety 
Institute of Canada. 

6. Human Factors in air traffic control (A-75) 

P.G. Harle 

In 1989 the Canadian Aviation Safety Board conducted a special investigation into air 
traffic services in Canada. It showed that human performance factors caused or 
contributed to approximately 90 per cent of the occurrences. In Canada, the high 
frequency of such errors is probably related to current shortages in the number of 
qualified controllers. There is evidence that many controllers are Cnmonstrating the 
effects of chronic fatigue and personal stress. Inattention or vigilance errors 
appear to be present in at least half of the ATS occurrences studied. Not 
surprisingly, there were also frequent errors in controller planning and judgement, 
and errors in the information transfer process - -  particularly concerning inter- 
controller co-ordination. Improvements in methods of investigation, data collection 
and analysis following loss of separation will be required. Additional research and 
safety promotion is also needed to ensure effective human performance in ATC. 

Peter Harle joined the Royal Canadian Air Force in 1959. He completed several 
assignments in pilot training, and served as Commandant of the No. 3 Flying Training 
School. Following four years of staff duties at NATO Headquarters in Brussels, 
Belgium, he served as the Commanding Officer of the air defense and low level fighter 
training base at Goose Bay, Labrador. Colonel Harle retired from the Canadian Forces 
in 1985 and joined the Canadian Aviation Safety Board. As the Chief, Evaluation in 
the Safety Programs Branch, he is responsible for the analysis of Safety deficiencies 
in the National Civil Air Transportation system and for the proposals for corrective . 
actions. He holds a BSc in Mechanical Engineering. 
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7. Human Factors in aviation. a senior airline captain's viewpoint (A-82) 

R. Macdonald 

This discussion paper is on the concept of Human Factors as an integral part of 
current pilot training scenarios and the.possibility that inadequacies of such 
training programs result in being unprepared for highly complex, advanced technology 
flight operations demands. It suggests that the pilot graduate must develop a level 
of knowledge at Peast equal to, if not better than, that of the ground school 
instructor providing the training. 

A case in point is the rejected take-off, where a rapid sequence of events very 
rarely develops as in pre-planned instructional models. Specific aspects and their 
Human Factors implications are reviewed. The paper seeks to answer some serious 
questions about pilot training and accident investigation as these rebate to Human 
Factors analysis. 

Born in Aberdeen, Scotland, Captain Ron Maedonald soloed in May, 1947. He recently 
retired from Air Canada as a senior LlOfl pilot with over 24,000 flying hours. He 
has been involved in flight safety since 1951 and has held many positions within 
CALPA, IFALPA and ICAO. He has also served as an accident investigator and has 
participated in six major aircraft accident investigakions. He has receiv~d many 
awards from pilot associations including the prestigious CALPA Flight Safety Award. 
He has been honoured by many of the world pilot associations for his unselfish 
devotion to the advancement of flight safety. 

8. An operator's Human Factors considerations (A-86) 

A.H. Roscoe 

Both the manufacturer and the operator have a clear responsibility for maintaining 
high standards of flight safety. 

Related issues are addressed in this paper using examples from real-world studies. 

Pilot workload is one such issue that is of particular importance and is discussed 
in some detail. For example, the influence of automation and operating procedures 
on levels of workload will be examined. In addition, the relationship between 
manufacturer and operator, the policies of airline management and the importance of 
"within airline" communications are considered. 

Dr. Alan Roscoe, a graduate of the Victoria University of Manchester, is currently 
Chief Medical Officer of Britannia Airways where, in addition to his clinical and 
aviation medicine responsibilities, he is involved in research into new flight deck 
technology and pilot workload. 

Before joining the airline six years ago Dr. Roscoe spent fifteen years in clinical 
practice followed by fourteen years as the Established Medical Officer at the Royal 
Aircraft Establishment at Bedford, and as a consultant in aviation medicine and Human 
Factors to several organisations, including Britannia Airways. 
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PANEL 3: THE ERGONOMICS OF AIRCRAFT AND OTHER EQUIPMENT 

9. Human Factors of the high technologv cockvit (A-98) 

E.L. Wiener 

The rapid advances of cockpit automation in the last decade outstripped the ability 
of the Human Factors profession to understand the changes in human functions 
required. High technology cockpits require less physical (observable) workload, but 
are highly demanding of cognitive functions such as planning, alternative selection, 
and monitoring. Furthermore, automation creates opportunity for new and more serious 
forms of human error, and many pilots are concerned about the possibility of 
complacency affecting their performance. On the positive side, the equipment works 
"as advertised" with high reliability, offering highly efficient, computer-based 
flight. The challenge to the Human Fa'ctors profession is to aid designers, 
operators, and training departments in exploiting the positive side of automation, 
while seeking solutions to the negative side. 

Earl L o  Wiener is a professor of Management Science and Industrial Engineering at the 
University of Miami. He received his BA in psychology from Duke University, and his 
PhD 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 cockpit automation research of NASA's Ames 
Research Center. Dr. Wiener is immediate past President of the Human Factors 
Society. He is co-editor of Human Factors in Aviation, published by Academic Press 
in 1988. 

10. Human im~acts of advanced air traffic control svstems (A-107) 

R.E. Morgan 

An overview is presented of U.S. Federal Aviation Administration activities which are 
aimed at ensuring that advanced air traffic control systems, under development 
according to the National Airspace System Plan, will effectively support the 
controllers who use them. This paper briefly describes: the systems that are setting 
the pace, assessment of controller impacts, projection of personnel requirements for 
system installation and operation, and controller training to augment system 
benefits. 

Since 1970, Ronald E. Morgan has worked as an air traffic control specialist, 
supervisor and manager, and has gained operational experience at both en route and 
terminal air traffic facilities. Also, he received a commercial pilot certificate 
and is certificated to provide basic and advanced ground instruction, as well as 
flight instruction. Mr. Morgan is now the Acting Manger of the Federal Aviation 
Administration's Advanced Systems and Facilities Division. This division is 
responsible for specification of requirements for, and operational evaluation of 
advanced air traffic control systems. 
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11. Controller and pilot decision ma kin^ in transmitting and receivin~ microburst 
wind shear alerts from an advanced terminal wind shear detection system (A-116) 

J. McCarthy and W: Sand 

Approximately 650 air carrier passenger fatalities caused by low-altitude wind shear 
have occurred in the United States over the past 15 years. The most common form of 
lethal wind shear is the microburst, a strong downdraft and horizontal outflow that 
occurs near the earth' s surf ace. A microburst detection and warning system has been 
developed using Doppler radar and an array of surface wind sensors either together 
or independently. The system is intended to induce an early avoidance decision on 
the part of the flight crew, thus avoiding a potentially catastrophic wind shear 
accident. 

This paper presents air traffic controller and pilot experience with this new system. 
Human Factors related to the ergonomics of microburst situations are explored, as 
well as air traffic and flight standards policy issues. 

Dr. John McCarthy is the Director of the Research Applications Program at the 
National Center for Atmospheric Research. He directs the research associated with 
weather hazards, such as the FAA Terminal Doppler Weather Radar Project and the Low- 
Level Wind Shear Alert System Project, which addresses the technical development of 
sensing systems to detect and warn of low-altitude wind shear. Me also participates 
on the Federal Aviation Administration (FAA) Research, Engineering and Development 
Advisory Comittee and the National Airspace System (MAS) I1 Design Review Committee, 
developing an integrated terminal weather information system for the future. He 
received his BA in Physics from Grinnell College (4964), his RS in Hetesrodsgy from 
the University of Oklahoma (1967), and his PhD in Geophysical Sciences from the 
University of Chicago (1973). 

12. Human Factors considerations for Loran-C receivers (A-126) 

M.S. Huntley, Jr. 

Loran-C is an inexpensive, compact and functionally powerful area navigation system 
which is popular with general aviation pilots. The system is simple and precise and 
provides real-time information on distance, bearing and ground speed to pilot 
selected NAVAIDS, airports and air route intersections. Currently few receivers are 
certified for IFR flight. Used only in VMC or as a back-up system the design of the 
displays, controls and logic of these receivers is not critical. When used in IMC, 
good Human Factors design is critical. Current potential Human Factors issues when 
Loran-C is used in IMC are identified, including display and control formatting, 
prompting for programming and function selection, error detection and correction, 
selection of emergency functions, warnings and alerts, cockpit location and air 
traffic control compatibility. 

Dr. Huntley is an engineering Research Psychologist with the US Department of 
Transportation's TSC (Transportation SystemCenter) in Cambridge, Massachusetts since 
1973. He received his Doctorate in experimental psychology from the University of 
Vermont in 1970. His research interests have been concerned primarily with the 
influence of alcohol and task induced stress on operator performance in highway, 
railroad and aviation environments. For the past six years, Dr. Huntley has been the 
manager of TSC's programs on cockpit Human Factors. 
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13. The national aviation Human Factors plan (A-143) 

H. C. Foushee 

Human error has been identified as a causal factor in 66 per cent of air carrier 
fatal accidents, 79 per cent of commuter fatal accidents and 88 per cent of general 
aviation fatal accidents. These and non-aviation accidents have stimulated new 
discussions of the human performance problem and in the United States has led to the 
Aviation Safety Research Act of 1988, that specifically directs the FAA to 
substantially augment its research programme dealing with the relationships between 
vartous Muman Factors and aviation safety. 

All of the major categories specified in the Aviation Safety Research Act have 
extensive Human Factors implications, such as controller performance research, civil 
aeromedical research, and aircraft maintenance inspection, etc. 

The FAA is developing a national plan for Human Factors research. This will include 
research aimed at the alleviation .of human performance problems in all types sf 
aircraft, in the air traffic control environment, and in the interaction of the two 
enviroments. 

H. Clayton Foushee recently joined the Federal Aviation Administration as Chief 
Scientific and Technical Advisor for Human Factors. He is a graduate sf Duke 
University and completed his PhD in social psychology at the University of Texas in 
1979. Prior to joining FAA, Dr. Foushee was Principal Scientist of the Crew Research 
and Space Human Factors Branch at the NASA-Ames Research Center, where he headed a 
research program concerned with group performance factors in both aviation and space 
flights. Me has worked extensively with high fidelity simulation approaches to 
research and training, and has participated in the development of training approaches 
that seek to facilitate crew performance such as cockpit resource management 
training. At FAA, Dr. Foushee is co-ordinating an effort to develop a comprehensive 
aviation Human Factors research plan. 

14. Er~onomics and human error (A-152) 

R.G. Green 

Ergonomic issues are not presently as fashionable, when aviation Human Factors are 
discussed, as the social psychology of the flight deck and its management. 
Nevertheless, ergonomic problems continue to prevail in all types of cockpits and 
continue to cause accidents. This paper examines a number of relatively recent 
accidents that appear to have been caused by poor equipment design and also examines 
similar problems that have been identified by incident reporting systems. It is 
concluded that in order to obviate this form of problem it is necessary both to 
change attitudes within the aviation system so that the criteria for acceptance of 
known ergonomic problems are improved, and to develop more sophisticated and 
standardized techniques for the evaluation and certification of the cockpit. work 
space. 

Roger Green is a graduate in experimental psychology from the University of Sussex. 
He has spent his entire career at the RAF Institute of Aviation Medicine where he is 
now Head of the Psychology Division. His work has involved some laboratory research, 
but has largely centred on the problems of Human Factors and flight safety. Among 
his present responsibilities is the operation of the UK Confidential Human Factors 
Incident Reporting Programme (CHIRP). 
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W . E .  Collins ' 

Optimal safe performance requires the thorough application of known Human Factors 
data to the rapidly evolving aircraft and air traffic systems. Those applications 
are necessary (a) to optimize the f i t  of the operator t o  system requirements and (b) 
to optimize the selection of operators and the training regimens used. Selection of 
air traffic control specialists, for example, must be based on the Human Factors 
requirements identiffed by job/task analyses. These requirements also provide the 
basis for the development of performance measures needed to assess the impact of 
system changes. Of special importance is the way in which these and other 
specltalists in the aviation occupattons are trained far the transition/overlap 
periods between present and future systems. 

Williams E .  Collins, PhD is Director Civil Aeromedical Institute (CMI) in Oklahoma 
C i t y ,  sfnce August 18, 1989. He was acting director of CAM1 since Dee. 1987. Dr. 
Collins began h i s  career at CAHI in 1961 as a research psychologist. He was head of 
the Aviation Psychology Laboratory for over 20 years and f a t e r  managed the Human 
Resources Research Branch. 

Dr. Collfns has sexved on and chaired numerous professional cornittees and meetings 
at  the national level .  He is a fellow of the Aerospace Medical Association, the 
American Psychologist Associatfon, the American Psychologfcal Society, rhe America 
Association for the Advancement of Sef ence , and the EI . Y. Academy of Sciences. He 1s 
a l so  an adjunct professor at two Oklahoma universities: the Department of Psychiatry 
and Behaviourial Sciences at the Oklahoma University Health Sciences Ceneer and at 
the Department of Psychology a t  the University of Oklahoma. Dr, Collins earned h i s  
advanced degrees in  psychology at Fordham University. 

PANEL 4: tmMAN PERFORMANCE CONSIDERATIONS IN AIRCREW TEIAIAIBG, AIR TRAFFIC CONTROL 
AND ACCIDENT INVESTIGATXON 

16. Simulator use and reducing the neaative influence of Human Factors (A-172) 

L .H .  Berestov end G . S .  Heexovich 

Training methods aimed at reducing che number of crew erxors are described, including 
the application of the artificial intelligence concept to the design of the 
instructor's work station. Correlations of the crkw simulator trainfng programme 
with equipment failures predicted from aircraft certification C e s t s  are presented. 

Mr. Meerovich is a graduate of the Hoscon Aviation I n s t i t u t e .  He is the head of a 
laboratory in the Flight Testing I n s t i t u t e ,  a Doctor of Technical Sciences and a 
professor . He is a 1 eading special f st in av ia t ion  simulator engineerf ng . 

Mr. Berestov graduated from the Hoscow Aviation I n s t i t u t e .  Since 1957 he has worked 
fn the Flight Testing I n s t i t u t e  of the Aviation Industry .  A t  present, hfie is the 
first deputy  head of that  i n s t i t u t e .  He is a Doctor of Technical Sciences, 
Professor, Honoured Worker of Science and Technology, author of five monographs and 
more than 40 publications and the winner of the N . E .  Zhukovsky Prize for research in 
trhe f i e l d  of aerodynamics. 
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17. Ensuring the reliability of pilots' performance in flight (A-190) 

A. Kalchenko and N.F. Nikulin 

A method is pre~ented for quantitative evaluation of pilot workload in transport 
aircraft in normal and abnormal situations. A criterion for the evaluation of pilot 
performance reliability is presented. It represents perfect performance and makes 

0 

it possible- to predict safe performance in different operating conditions and 
critical phases of flight. A predictive method for professional flight training is 
proposed. 

Mr. Nikulin has worked as a professional pilot in Civil Aviation since 1956. He is 
a flight engineer and a pilot. He holds a Masters degree. He has a total flight 
time of more than 10,000 hours on seven types of aircraft. 

Mr. Kalchenko graduated from the Civil Aviation Academy in 1974. He is a pilot with 
more than 5,000 hours flight time 'on piston-engined and jet aircraft. He is a 
specialist in flight operations and flight safety, candidate of Technical Sciences 
and author of more than thirty scientific works and publications. At present, he is 
the first Deputy Head of the Civil Aviation Academy. 

18. Principles of modelling flight crew activities during final approach of heavy 
transport aircraft (A-202) 

M.M. Tereshchenko 

The longitudinal trim characteristics of an aircraft are of major importance in 
emergency situations, particularly in the approach and landing phase. 

A method is proposed for defining the adequacy of the handling instructions in an 
aircraft flight manual, with a view to improving these instructions on the basis of 
statistical modelling applied to the final approach phase. 

Mr. Tereshchenko is a graduate of a flying school, the Civil Aviation Academy and the 
Institute of Management. He has flown Mil helicopters and Antonov, Yakovlev and 
Tupolev aeroplanes. He has.a total flight time of more than 10,000 hours. He has 
worked as ' a helicopter pilot, as a flying school instructor, as the head of a 
simulator training centre, as the head of a civil aviation territorial control 
service and as the head of civil aviation control. 

For his services he was awarded the honourary title of "Honoured Pilot of the USSR". 

At present, he is the Head of the Flight Operations Department in the USSR Ministry 
of Civil Aviation. 

19. A study of the Human Factors role in accidents and incidents (A-224) 

V.A. Goryachev 

An analysis of data from aircraft accidents and identification of the role of Human 
Factors in these events is presented. The most common Human Factors are identified 
as are their causation. 

Mr. Goryachev graduated from'the Moscow Aviation Institute in 1959. Since then he 
has worked in the State Scientific Research Institute of Civil Aviation in Moscow 
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specializing in flight safety, aircraft dynamics, flight personnel training, the 
testing and implementation of aviation simulators and the influence of Human Factors. 
Since 1988, he has been the Head of the State Scientific Research Institute of Civil 
Aviation. He is a Doctor of Technical Sciences and the author of more than 100 
scientific papers and 40 publications. 

20. Human Factors considerations when ensuring flight safety in air traffic 
control tasks (A-239) 

V.I. Mokshanov 

The role of the controller in ATC is defined. The basis of the interaction of the 
controller with the ATC system is considered. The development of the optimum 
interaction of the controller with ATC systems is outlined. 

Mr. Mokshanov is a graduate of the Moscow Power Institute. From 1967 to 1974 he 
worked in the State Scientific Research Institute of Civil Aviation. Since 1974, he 
has worked in the Scientific Experimental Centre for ATC Automation. 

He is a leading specialist in air traffic control and has written several scientific 
papers. He has much experience in the development and implementation of automated 
ATC systems and in air traffic safety enhancement. He is the winner of a State prize 
of the USSR and is a Doctor of Technical Sciences. 

PANEL 5: HUMAN FACTORS APPLICATIONS TO THE TRAINING OF FLIGHT CREWS, 
AIR TRAFFIC CONTROLLERS AND MAINTENANCE PERSONNEL 

21. New directions in crew-oriented flight training (A-258) 

J.R. Hackman 

Recent research findings suggest directions for the next generation of CRM training. 
Three of these are described. First, course designers and instructors should 
recognize that cockpit crews are teams, and design CRM training accordingly. 
Second, recognition that the captain is a team leader, and that captains should be 
as competent in team leadership as most of them are in the technical aspects of 
flying. Third, acknowledgement that organizational - and regulatorv contexts bear 
powerfully on whether the lessons learned in CRM courses will take root and prosper, 
and the need to begin the never-ending process of "tuning" those contexts so that 
they actively support teamwork and coordination. 

J. Richard Hackman is a Cahners -Rabb professor of Social and Organizational 
Psychology at Harvard University. He received his undergraduate degree in 
mathematics at MacMurray College in 1962, and his Doctorate in social psychology from 
the University of Illinois in 1966. He taught at Yale University until 1986, when he 
moved to Harvard. Professor Hackman conducts research on topics in social psychology 
and organizational behaviour, including the performance of work teams, social 
influences on individual behaviour, and the design and leadership of self-managing 
units in organizations. He currently is completing a multi-year NASA-supported study 
of factors that influence the effectiveness of aircraft flight crews. 
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22. Determinants of flipht crew ~erformance (A-276) 

R.L. Helmreich and J.A. Wilhelm 

CRM training represents one means of enhancing flight crew performance. The impact 
of such training can'be evaluated using the behaviour of crews in simulator and line " 

flights, changes in attitudes, self-reports of participants and analyses of accidents 
and incidents. Preliminary findings from a study of CRM effectiveness indicate 
significant effects on all three types of measures. However, the data also show that 
not all participants benefit from the training and some show a "boomerang effect" 
showing less favourable attitudes regarding crew coordination. Personality 
characteristics have been shown to be a major determinant of reactions to CRM 
training as well as line performance. Other related issues are also described. 

Robert L. Helmreich is professor and chair of the graduate program in social 
psychology at the University of Texas at Austin. He received a PhD in personality 
and social psychology from Yale in 1966. He has conducted research sponsored by NASA 
and the Office of Naval Research on small-group performance under stressful 
conditions as well as research supported by the National Science Foundation and 
National Institute of Mental Health on personality factors and motivation. His 
current research focuses on crew selection, composition, crew co-ordination, and 
training for both aviation and space environments. He is a fellow of the American 
Psychological Association and a former editor of the Journal of Personality and 
Social Psychology. 

23. Flight crew aualification (A-287) 

J. Kern 

The traditional way in which commerciaL aviation pilot requirements are met is 
changing. Due to advancing technology and the rapid growth of the industry, the 
military can no longer be considered as the prime source of aviators in the United 
States. In order to ensure that a professional and qualified source of pilots 
remains constant, we have to enhance our training and standardize our qualification 
procedures. This can be accomplished through the integration of Cockpit Resource 
Management into flight training, the introduction of regulatory initiatives to keep 
pace with technology and the establishment of proficiency based qualification 
programmes. When these challenges are successfully met we can then meet the demands 
of the industry in the 1990s and beyond. 

Mr. Kern is Associate Administrator for Certification and Regulation in the U. S. FAA. 
He was formerly Director Office of Flight Standards and Deputy Director in the 
Office of Flight Safety. He has a total of over 7,000 flying hours both fixed and 
rotary wing aircraft. 

24. Human Factors considerations for aircraft maintenance and 
ins~ection ~ersonnel (A-291) 

W.T. Shepherd 

Much research is related to the selection, training and performance of pilots and air 
traffic controllers. However, considerably less research has been devoted to other 
aviation career fields, particularly for the specialists who inspect and maintain 
transport aircraft. There is an urgent need to develop information in at least the 
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following areas: 1) methods for selection, training and certification of maintenance 
and inspection personnel; 2) work environment considerations; 3) job performance 
aids; 4) human engineering of equipment; and 5) information transfer methods. 

The FAA has embarked on a study to improve the knowledge of the w3rk and needs of 
maintenance and inspection specialists. It was initiated with task analyses in air 
carrier maintenance facilities. Various aspects of the programme and the expected 
results are presented. 

Dr. William Shepherd is Manager of the Biomedical and Behaviourial Sciences Branch 
in FAA's Office of Aviation Medicine. He is responsible for Management of the FAA 
Headquarters Aeromedical Research Program. Dr. Shepherd has BSc and MSc degrees in 
aerospace engineering and a PhD degree in psychology from the University for 
Connecticut. He is a rated pilot with multi-engine and flight instructor ratings. 

25. An abilities-based approach to pilot competency 
and decision-making (A-302) 

G.J.F. Hunt 

The increasing enthusiasm for Cockpit Resource Management in recurrent flight 
training may be the result of changed modern aircraft technology and an increased 
awareness that human performance is the single most important predictor of safe and 
effective aircraft operations. Traditionally, flight training has been seen 
primarily as the acquisition of aircraft manipulation and navigational skills. More 
recently, to these ab initio requirements attitudinal skills have been added 
translating into decision-making, leading and communicating strategies. In an on- 
going programme (HURDA - Human Resource Development in Aviation) concerned with the 
identification of generic constructs of pilot competency, patterns of processing 
abilities are being identified as predictors of flight crew performance management 
(FCPM). Further, these abilities are being postulated as competency requirements for 
inclusion in licensing and training prescriptions from ab initio to airline 
operations. 

26. Human Factors a~~lications to the training of flight crews: the next 
generation of Cock~it Resource Mana~ement (CRM) training (A-310) 

A.L. Ueltschi 

Airlines, military organizations and regulatory agencies throughout the world have 
become interested in implementing CRM training for flight crews. Some operators are 
now using CRM training. Others anticipate doing so. 

Three generations of CRM training are discussed. The'first generation, which began 
in the late 1970s and early 1980s, has given way to a second generation CRM, which 
is rapidly becoming the industry standard. 

The direction for a third generation CRM is proposed including a focus on measurable 
performance standards. 

Mr. Ueltschi was born in Frankfurt, Kentucky. A career pilot, from young barn 
stormer to airline captain, he still maintains flight proficiency. He is chairman, 
president and chief executive officer of Flight Safety International, Inc., which he 
founded in 1951. He also serves as chairman and president of Project ORBIS, the non- 
profit flying eye hospital, which volunteers its teaching services to eye surgeons 
all over the world. The non-political ORBIS missions have visited 50 countries, 
including the Soviet Union in 1987. 
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PANEL 6 - PSYCHOLOGICAL AND PHYSIOLOGICAL ASPECTS 

27. Psvchologv in civil aviation in Cuba: its field of a~~lkcation in the study 
of Human-Factors (A-318) 

P. Cabrera Daniel, J. Antoni Espinel, G. Lima Mompo and M. del C. Pico Penabad 

The paper addresses the principles of aviation psychology, whose field of study is 
basically aimed at humans and their interface in the man-machine-environment system. 

We shall deal with aspects such as: professional selection of flight crews and ATC 
personnel; clinical psychology applied to annual physical check-ups and flight crew 
and ATC personnel prophylaxis; and accident prevention and investigation. 

We shall also refer to some research carried out in our country and the results 
thereof with reference to Human Factors and flight safety. 

28. Flicker fusion freauencv, a specific experience in the 
aviation environment (A-328) 

P. Cabrera Daniel, G. Lima Mompo, M. del C. Pico Penabad and S. Ruiz de Ugarrio 

Knowledge of the operator's psychological capacity for work is highly significant to 
work efficiency forecasts. This has given rise to the development of different 
methods of assessment, one of the main ones being an analysis of cortical dynamics. 

Our research attempts to evaluate such dynamics, as an integral part of a system 
designed to assess the functional status of flight crew members on a psychological 
and psychophysiological basis. 

For these reasons, 130 pilots of varied background were assessed with a flicker 
instrument. This allowed us to establish standard criteria for flicker fusion 
frequency based on the principle that the pilot perceives the greatest amount of 
information during flight with his eye. Therefore this organ is the first to show 
disturbance when the subject is tired or suffers from some impairment in cortical 
dynamics. 

29. Psvchological and linguistic variables in flight crew 
train in^ on Human Factors (A-335) 

A. Camps, E. Laphitz, H.O. Leimann-Patt and C.A. Pessolano 

Some questions have not yet been resolved in terms of the efficiency of CRM courses: 
1) The apparent impossibility of modifying behaviourial attitudes whose origin is 
entrenched in the pilot's alloplastic personality. 2) The inaccessibility of certain 
paranoid personalities (omnipotent or overvalued) which, paradoxically, pr0duc.e a 10 
per cent boomerang effect. This may not only distort the purpose of CRM training, 
but could actually make it counterproductive. 

By using a combination of LOFT (Line Oriented Flight Training), video and 
computerized psychodiagnosis, it was possible to determine which neurolinguistic and 
psychological variables play a part in pilot error. A video will be shown to present 
the preliminary results and the methodology used. 

M r .  Leimann-Patt i s  Chief  o f  t h e  Research Department a t  t heoNat iona l  I n s t i t u t e  o f  
Aviat ion Medicine o f  Argentina. . He i s  the  author o f  two books: Systemic Aeronautical 
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PsvchfatsV and Secondary F l i g h t  Disadawtion Syndromes, and various papers. He is a 
member of- the Aerospace ~ e d i i a  1 Associa tian and the Western European Associ a ti on for 
Aviation Psychology. 

Dr. Pessof ano is the dixector of the National Institute of Aerospace Medicine in 
Buenos A P r e s .  

Adel Camps is a psychologist and Human Factors researches in Buenos Aires. 

Edouerdo Laphitz is a pilot ihstructor specializing in Human Factors. 

30. Reduced p i l o t  v i ~ l l a n c e  during long-haul f l i g h t s  (A-352) 

V. Carmigniani and 3 .  Paxies 

Variations in alertness and performance during monotonous activities are often 
associated with irregular work cycles and pronounced j e t  lag .  A study of p i l o t  
perfdrmance during long-haul f l ights  is presented. Its purpose is to identify low 
vigilance phases and to assess their effect on p i l o t  performance. The methodology 
is based on an objective evaluation of fluctuations in p i l o t  alertness based on 
physiological parameters, together with an analysis of the activities performed. 
Preliminary results show significant variations in electroencephabogram spectra and 
in the frequency af eye movements. Alternating phases of high p i l o t  vigilance and 
drowsiness were observed. Reduced vigilance seems to be more pronounced in flights 
following a sleepless n i g h t ,  even if t h i s  f l i gh t  is performed during the day. 

Mr. Carmignfani has been a civil aviat ion research and operations engineer s ince  1979 
and is now serving in t h e  Aircraft Operatian Office of the Aeronautical Training and 
Technical Inspeetfon Service In France. He is in charge of Human Factors aspects in 
the context  of DGCA-funded s t u d i e s  and i n  charge of aircraft performance (member of 
ECAC group (DAAC) and ICAO group (SGTOAA)) . He presented a paper on the "Archimedes 
StudylY(errors in mental representation) at the 5 th Symposium on Aviation Psychology 
in Columbus (April 1 9 8 9 ) .  

Mr. Paries is a Cjvil  Aviation Engineer, who works as the Assistant to the  Chief of 
the  Regulations O f f  ice of the Aeronautical Training and Technical Inspection Service 
(SFACT) in F m c e .  He is a member of the ICAO Humn Factors and Flight Safe ty  Study 
Group and heads the Human Factors Stud ie s  st SFACT. 

31. Su ervision d i c a  fitness 
S L  
& (A-366) 

A. Sanchez Sanchez 

In view of the magnitude and the consequences of accidents, the basic objectives 
pursued by the medical authorities of the Ministry of Cammunications and Transport 
axe: to preserve the  health and the employment of c i v i l  air transport personnel and 
ancf l lary services, to prevent job - related r i s k s  and diseases conducive to such risks 
and to raise safety levels for personnel, users and goods transported and to 
contribute to the protection of the corresponding infrastructure. 

With this a i m  in mind, medical fitness is assessed periodically by means of physical 
check-ups. These check-ups, which assist in the prevention of accidents attributable 
to Human Factors, are described together with their methodology. 
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Dr. Sanchez Sanchez graduated from the National Autonomous University of Mexico 
(UNRM) in 1958 and was awarded scholarships by the Governments of I t a l y ,  France, 
Yugoslavia and Japan to do post-graduate s t u d i e s  in occupational medfcine, medical- 
surgical emergencies and public administration. He has also Been working in the 
medical -surgical Security Ins t i  cute from 1957 to d a t e .  He was l a t e r  appo f nted  Chief 
of the Departments of Forensic Occupational Medicine and Occupational Pathology of 
the Soclal Welfare Department of the Ministry of Labour; he was Deputy General of 
Medf caJ Services a£ the  Government of Mexico C i t y  and from the prevfous presidential 
Administration to date he has been Director General of Preventive Medicine in the 
Department of Transport of the Ministry of Comunicatfons and Transpor t .  

3 2 .  # 
flight ERG. ECG and infrared telsvfsion recording (A-381) 

G. Hardicsay and F, K6r6di 

This study compares the diagnostic 'and prognostic value of thermography with other 
examination methods. The controlling mechanism of the vegetative nervous system were 
recorded in hypabaric chamber, infrared thermogram, ECG , blood pressure and 
psychophysiological parameters. Changes of ECG and psychophysiologlcal parameters 
were correlated with the hyper activity of the sympathetic nervous system. 

Infrared thermographic examinations were also performed. An extreme 
hypsxsympathicoroxny on t h e  preflight thermogram was demonstrated in a simulated 
accident. A f t e r  f l ight  training a disharmonious decrease of infrared radiation was 
detectable. In addition, results from infrared examinations in a flight simulator 
( type TU-154) are compared to other psychophysiologicaP examinations, This method 
could also be useful f o r  verification of flight training. 

Ferenc Kbrbdi received h i s  diploma as mechanical engineer in 1969 at the Technical 
University of Budapest. He Jeter campleted psychofoglca2 studies in Leningrad. I n  
1982 he graduated w i t h  a PhD in psychological sciences. Since 1982, he headed the 
Psychological Department of C f v i f  Aviation Medical Service and in 1984 he became the 
head of the Health Department at the Ferihegy Airport, Budapest. Hfs s c i e n t i f i c  
activi ty is oriented towards the psychological examinations of crwmmbers and the 
verbal communication between crew and ATC. 

Gabor Hardicsay graduated from the Somelweis Medical University at Budapest in 1972. 
He began his medical practice in the same year.  He entered the f i e l d  of aviation 
medicine in 1975 and now pract f  ces both internal medicine and aviat ion medicine. In 
1980 he was appointed chief  medlcal examiner of the C i v i l  Aviation Authority of 
Hungary. H i s  sc ient i f ic  research is mainly aimed at in-flight incapacirations. 

INDIVIDUAL PAPERS 

33. (A-372) 

Y.P. Darymov 

The complex influence of Human Factors on f l i g h t  s a f e t y  can be successfully 
determined if a systems approach is used, but this requires scrutiny at both the  
macro and micro levels, The macro approach implies  a review of the problem as a 
whole and the development of an overall concept for resolution. This approach may 
involve an integrated programme which includes the selection and training of aviation 
personnel, the ergonomics of the work stations, work technology, duty time and rest,  
accident investigation and  ravent ti on. ~t the micro approach level, on a step-by-step 
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basis,. solutions may be sought to take Human Factors into account in the design, 
development and operation of specific ergonomic systems such as "pilot-aeroplane", 
"crew-aircraft", "ATC controller-aircraftw, etc. 

Mr. Darymov has professional training as a pilot, a pilot-in-command, an ATC 
controller and as a traffic controller engineer. He has experience in flying duties, 
air traffic control, pedagogical activities and the organization and training of 
aviation specialists for civil aviation. He has performed scientific research on 
flight operations, air traffic control, flight safety and Human Factors. 

'He is a member of the Air Navigation Commission of ICAO 

34. Towards design-induced error tolerance (A-393) 

J.J. Speyer 

Except for the recommendations of Fitts, Wanner, Wiener and Curry, few fundamental 
design guidelines appear to be available in the scientific field of Human Factors, 
illustrating a posteriori that this activity is an art in infancy. With new 
technology emphasis was gradually put on Human Factors by all those concerned: 
manufacturers, airworthiness authorities, pilots and airlines. Measuring the impact 
of new technology on the operational interface could help setting up this Human 
Factors capability which in turn should eventually influence design guidelines and 
specifications. 

The emerging role of pilot is becoming more that of a systems monitor than that of 
a control handler. Several views suggest that the pilot be brought back into a more 
active role to avoid automation or design induced errors. 

Mr. Speyer is an aeronautical engineer. He is a graduate of the Polytechnic School 
University of Brussels in electromechanics and the Massachusetts Institute of 
Technology. He is currently Project Manager, Operations Engineering, in the Flight 
Division of Airbus Industrie where he has been responsible for certification, 
performance monitoring, operational liaison and ergonomics. In particular, he has 
been concerned with experimental evaluation and measurement of the man-machine 
interface. 

35. Beyond ~ilot error: a ~ilot's ~ers~ective (A-415) 

L. Friob, M. Sorsa and R.B. Stone 

Pilots are frequently blamed for aircraft accidents'by investigation authorities. 
The causes expressed are generally narrow in scope and fail to address the essential 
underlying factors such as training, procedures and pressures by the management. 
Airline pilots believe it is time to look beyond the immediate causes of accidents - 
beyond the cockpit crew. The accident investigation process should review in depth 
company operational procedures and practices, the training of the crew and possible 
stress factors set by commercial pressures. 

This paper attempts to portray the human frailties pilots see in themselves as well 
as those induced by the airline or the design of the aircraft. Management of these 
problem areas is discussed. 

Lucien Friob is a Captain with Air Belgium and currently flies the Boeing 757. He 
started his career twenty years ago and has logged 15.000 flight hours on worldwide 
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networks. He has an Industrial Engineer and has a degree in business management from 
University of Louvain. He is Chairnan of the Human Performance Committee of the 
International Federation of Airline Pilots Association since 1986 and has also been 
a Member of the ICAO PELT Panel. He did participate in pharmacological research 
projects on stress, and has authored several papers on Pilot Lidensing and Training. 

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 IGAO 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. 

Richard B. Stone is a Captain with Delta Airlines, in Atlanta, currently flying the 
B767/757. He has served as Captain for 22 years on the FH227, DC9, B727, and B757. 
As a member of' the International Federation of Air Lines Pilots' HUBER Committee, he 
participates in Human Factors, medical, training and licensing matters. He has 
served as an accident investigator (ALPA/IFALPA) in many major US accident 
investigations. He has Bachelor of Science and Plaster of Science degrees. 

36. Becoming a captain: perssnalitv devePo~ment bv non- 
technical training - and education (A-423) . 

A. Droog 

The RLS Government Civil Aviation Flying School trains pilots for KLM Royal Dutch 
Airlines. Both KLM and RLS are working towards the full integration of technical and 
non-technfcal skill training. The KLM captain's profile and the RLS non-technical 
training syllabus will be outlined. The aim of the non-technical training within RLS 
is to develop sensitivity and skills in six fields: communication, teamwork, 
organization, decision making, leadership and stress. The concepts and methods used 
or being developed will be presented. 

Mr. Droog is an aeronautical engineer who graduated from Delft Technical University 
in 1972. From 1978 to 1988 he worked with "Psychotechniek Consultants", Utrecht as 
an advisor involved in the selection of pilot trainees and pilots for RLS (Civil 
Aviation Flying School) and KLM. During the same period he studied psychology at 
Utrecht University (fields: personality, organization). Since 1988 he has been at 
the RLS Flying School, working as a Psychologist for Training and Education. 

37. The Human Factors programme in Aerolineas Argentinas (A-430) 

R. Rubio 

The paper presents a brief summary of how the Human Factors concept was approached 
and its implementation from the point of view of the organization and on the.basis 
of a process of re-assessing attitudes. It includes a list of events and an analysis 
of their development. 

Roberto Adolfo Rubio is an aircraft commander with Aerolfneas Argentinas, currently 
flying B727s and serving and Training Co-ordin'ator. He has 32 years of flying 
experience and 16,000 hours of flight time. He has served as an instructor in the 
Navy (having begun his career in naval aviation) and has been with Aerolfneas 
Argentinas since 1975. From 1987 to the present he has served as Executive Secretary 
of the Professional Development Commission and has ,been responsible for conducting 
the Cockpit Resource ManagemenE course. 
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38: Use of ma~netoencevhalogra~hv (MEG) and electroencevhalo~ra~hv (EEG) in 
processes of selection and trainine - of air traffic controllers (A-435) 

R.M. Heron 

In Canada, only a small percentage of applicants are found acceptable for air traffic 
control training. Further, many trainees fail during training, thus, a serious 
shortage of air traffic controllers is predicted. The explanation for this appears 
to be that (a) current psychometric techniques for isolating and measuring the 
special skills required for ATC operation are not sensitive enough and (b) there is 
currently no means of developing or upgrading these skills. A new technique, 
combining use of MEG and EEG, might improve the situation. 

MEG/EEG technology promises (a) improved predictabil,ity, understanding and 
measurement of ATC skills, and (b) an increase in the success rate of applicants and 
trainees. 

Dr. Heron obtained her PhD at the University of Calgary, Canada. in 1975. 
Subsequently, she carried out applied ergonomics research in the area of road safety, 
spec-ializing in the perception of traffic signs. After three years as a Professor 
at Queen 's University , teaching ergonomics, she headed up the Department of Research 
and Statistics at the Worker's Compensation Board in Edmonton. For the last eight 
years she has been Principal Ergonomist at the Transportation Development Centre in 
Montreal. She is a member of the Human Factors Association of Canada and has been 
elected to the Professional Register of the Ergonomics Society in the United Kingdom. 

39. Automation of flieht data srocessine - and  resenta at ion in' 
re~lacine flieht Droeress stri~s (A-448) 

I. Deuchert 

In the beginning of the 1980s the "Ad hoc Group for the Co-ordination of the STT 
Programme on Colour Displays, Stripless Systems and Speech Compressing in AT@" was 
established within Eurocontrol. This paper presents the work of this group, and its 
sub-group "ODID", including the question of how to code information by means of 
colour to increase capacity. , 

Two simulations were carried out at the EEC Bretigny, the first for two adjacent 
control sectors in the UK, the second for the Bruxelles-East sectors adjoining 
Frankfurt-West airspace. In the third simulation, more emphasis will be put on 
graphic displays and input devices. As well, research work in the field of 
optimizing the controller/computer interface in under way. 

Ms. Deuchert was an air traffic controller at Frhkfurt and Dusseldorf (TWR, APP and 
ACC) from 1968 to 1983, during which time she studied psychology at Frankfurt 
University. Since 1981 she has served as a psychologist within Federal Adminstration 
for Air Navigation Services (BFS). 

40. Methods for su~ervision and checking of air traffic controllers (A-453) 

R. ~ir$an and V. Soitu 

From the psycho-medical point of view, the methods for supervision and checking of 
the air traffic controllers performance consist of specialized examinations with a 
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high degree of diversity and specificity, depending on when they are carried out. 
The paper is the result of a study carried out among the Bucharest ACC air traffic 
controllers. It attempts to determine human weaknesses from the physiological and 
psychological point of view. Its purpose is to define more iaccurately the best 
working hours and to eliminate the fatigue factor, thus reducing the probability of 
human failure. 

Rodica Mbr~an graduated from the Faculty of Philosophy, Department of Psychology, at 
the University of Bucharest in 1989. She then worked as a psychologist in the Sports 
Medicine Centre until 1985. Since 1985 she has been a psychologist with the Tarom 
Airline where she deals with the psychological expertise of pilots and air traffic 
controllers and works with in close co-operation with the psychology laboratory of 
the Aeronautical Medical Centre. 

Vasile Soitu graduated from the Faculty of General Medicine in Bucharest in 1971. 
Since 1973 he has been directly involved in the medical examination of flight 
personnel and air traffic controllers as a specialized inspector. Since 1989 he has 
been the Chief Doctor in the Department of Civil Aviation. 

41. Environmental factors influencing flieht crew ~erformance (A-462) 

M. Simons 

Developments in commercial aviation have changed the pilot's task to that of a flight 
systems manager. In this task optimum vigilance is required. It is anticipated that 
the performance of the modern pilot might be impaired by the cumulative effects of 
frequent disturbance of sleep and prolonged exposure to mild hypoxia, low relative 
humidity, ozone and noise. Therefore, research on the effects of a combination of 
environmental factors on performance is recommended. Such research should include 
controlled studies under cockpit-environmental conditions, employing over time 
assessment of psychologica'k performance and using tasks that are representative for 
the task of a modern pilot. Simulation of cockpit-environmental factors should 
include a cabin altitude of 8000 feet, relative humidity of <lo%, temperature 20 - 
25 C, ozone levels of 0.10 - 0.25 ppm and continuous noise of 7 5  - 80 dBA. Exposure 
time to these conditions should exceed 8 hours. 

Dr. Simons graduated from the State University of Utrecht, Faculty of Medicine, MD 
Degree in 1973. From 1973 to 1977 he was a General Practitioner and from 1977 Co 
1981 served as a Medical Officer in Zambia and Chad. He then completed post graduate 
degrees in Cardiology and Internal Medicine. He is currently a Research Physician 
at Netherlands Aerospace Medical Centre. 

42. Human resources devebo~rnent and accident  reve en ti on, in focus: 
the human nature (A-472) 

C.M. Maehado Pernambuco 

An analysis of the accidents from the last five years, seems to indicate that 
education should be the main field of interest as far as safety matters are 
concerned. Education should be divided in two areas to focus on the ultimate 
expression of human nature, the relations with which the individual deals. One area 
is defined by the relation between the individual and environment. It may be treated 
through management development. The other relates to the individual dealing with 
himself, which may be accomplished by "self management". This is directly related 
to human nature, being a determinant in the effectiveness of the first area. 



H . O .  Lehamn-Patt  and C.A.  Pessolano 

90 per cent of Human Factors induced accidents take place in a psychosocial context  
that promotes unsafe or dangerous attitudes. The mythical "right stuff" becomes a 
main risk factor. It 'should therefore be renamed the "wrong stuff" . The origin of 
this term can be traced to Greek arythology, which is why the three moot dangerous 
character flaws are called Bellerophonic, Icarian and Phaethonic, 

This paper analyzes the psychological characteristics and the socio-cultural origins 
of these charactempathies with a view t o  preventing then. Certain behavioral 
patterns can be easily detected. The importance of these patterns for recruitment 
and training will be discussed. 

44. m g l q  
on aircraf: emerrxencv evacuations (A-489) 

C. Marrison and H . C .  Piuir 

The need for Human Factors studies in cabin safety is highlighted by the fact that 
the percentage of people who die in technically "survivable" accidents has not 
dropped. Research funded by the UK CAA investigates the influence of cabin 
configurations on the rate at which passengers can evacuate. 

A range of configurations were evaluated (a) when passengers were cornpeeing to 
evacuate the aircraft and /b) when passengers were evacuating i n  an orderly manner. 
Volunteers in groups of 60 performed a series o f  emergency evacuations. A t o t a l  of 
over 2000 volunteers took part. In the paper, the evacuation rates f o r  the range of 
configurations tested are included. It was found chat t h e  blockages can be 
significantly reduced by changes to the cabin configuration. 

Claire Marrison, BA,  HSe, is a Research Officer whose primary research is cabin 
safety. Following an investigation i n t o  the  influence of f l y i n g  on the physical and 
psychological heal th  of cabf n s t a f f ,  she conducted a literature review for the CAA 
on the "Behaviour of Passengers in Aircraft Emergencies". Claire is currently 
working on a CAA sponsored projec t  assessing the influence of cer ta in aspects  of 
cabin layout on passenger evacuation behaviour. She is also the secretary of the 
Aviation Working Party for the Parliamentary Advisory Committee for Transport Safety. 

Helen Huir, HA, PhD is the Direccor of the Applied Psychology Uni t  in the College of 
Aeronautics. She holds a degree in psychology and a Doctorate from the Univers i ty  
of London. Helen has been involved in applied research in the f i e l d  of 
transportation since 1973. Since establishing BSc Course in Applied Psychology, her 
object ive  has been to develop and promote Avf a tion Psycho logy research including 
p i l o t  workload assessment and crew a c t i v i t y  analysis. The field of cabin safety and 
a i r c r a f t  emergencies is Helen's main area of research i n r e r e s t .  This has l e d  to the 
development of a research facility for cabin evacuation t r i a l s  and to a mafor 
programme of research into passenger behaviour in a i r c r a f t  emergencies. 
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45. 30 years of iet losses: conclusions reparding: Human Factors research (A-504) 

H. Caesar 

Lufthansa's Flight Safety Department has developed a database with consistent 
criteria to- categorize and analyze accidents of all western built jet-aircraft'above 
20,000 kg since 1953. These data of more than 500 total (hull) losses and more than 
1000 substantial damages offer research background regarding human, technical and 
environmental causes, flight phases, aircraft types, world region, size of airline, 
long- and short-haul comparison, two and three men cockpit and other criteria. 

Knowledge gained from this research led to alteratton or adaption of selection 
profile, rules and procedures, training and information of flight crews. 
Deficiencies could be detected and avoidance strategies developed. 

Captain Caesar started his career with Lufthansa as co-pilot on Lockheed 
Superconstellations L1049G and L1649A, Vickers Viscount 8140, Boeing B707 and B720. 

In 1963 he was promoted to captain and flew Convair 440s, Viscount's, Boeing B7279, 
DClOs and he is currently flying B747s. Captain Caesar is an instructor and check 
pilot. 

Since 1971 he has served as Director, Safety for Lufthansa. In this position he is 
responsible for the supervision of Lufthansa's Safety Standards in regard to flight 
operations, including the investigation of all incidents and accidents in Lufthansa 
and it's subsidiaries. 

Captain Caesar is a member of IATA's Safety Advisory Committee, of the International 
Advisory Committee of the Flight Safety Foundation and of the International Society 
of Air Safety Investigators. 

Note to the reader: Also included in Appendix A (beginning on page A-530) are the 
texts of eight papers for which no abstracts are available. 



PRJZSENTATXON OF PAPERS 

PERSPECTIVES IN HUMAN FAaORS 

J. Lederer 

I feel very honoured to be invited to. this .first ICAO seminar on Human 
Factors because the first president of ICAO, Dr. Edward Warner; was my mentor 
on the philosophy of aviarion safety over a half a century ago. In 1940, when 
I was in charge of civil aircraft accident investigation and safety  regulations 
f o r  the civil aeronautics board of which he was vice-chairman, he sent me a memo 
suggesting that we t r y  to discover not only how p i l o t s  commit unsafe acts but 
more important, "&" they do so. In respect to safety regulations he often 
stated that the purpose of government is to protect the innocent in circumstances 
over which they have no control such as peing a passenger in mixworthy  
airplanes. 

It is an honour to be invited to discuss safety in the soviet Union 
where many distinguished scientists and engineers have contributed so much to 
aerospace developments. Sputnik has influenced a global perspective of our 
planet in relation to the universe. Humanity is being w e l l  served by this new 
outlook. 1 proudly wear these two medals given t o  me by the Soviet Federation 
of Cosmonauts for my participation in the USA Apollo Moon bnding Programme. 

When f prepared the abstract for this talk, my ambition exceeded my time 
limitation. The full paper w i l l  be available from I C A O .  . 1 shall touch on 
several aspects of it. 

This f irs t  viewgraph is from page 11 of the fine ICAO Accident Prevention 
Manual. It depicts "why" we meet here (do not bother to read the text). 
Mechanical causes of aircraft accidents have diminished over the years while 
human causes now dominate the accident scene. It is generally agreed by those 
who should know that at l east  65 per cent fatal accidents in airline operations 
are caused by inappropriate behaviour of the cockpit crew. Experience with 
industrial accidents tells us that the unsafe a c t  occurs hundreds of times before 
it results in a loss bf an eye or maiming of a hand. This is probably true also 
in airline operations. If so, the behaviour of flight crews should be monitored 
to intercept the cause of an accident before it occurs. For example, failure 
to complete a check l i s t  might be discovered in time to avoid a catastrophe. 
Hence, the need to adopt a system for using flight data recorders t o  review crew 
performance. This is now practised by a sizable number of airlines w i t h  p i l o t  
consent based on no punitive threat for inadvertent departure from good prac tic@ . 
Results have been very 'rewarding. Cockpit crews are found to be grateful far  
the warnings they have received. 

Captain J.E. Carroll, retired vice-president for f l i ght  standards and 
training of United Airlines defined the problem of inadequate cockpit crew 
performance as fo l l ows :  



"Why does a person who is carefully selected, highly trained, 
properly checked and licensed, physically fit, mentally well 
balanced and unusually well paid, sometimes perform in less, 
than the optimum fashion, despite being aware that the penalty .. 

of human error could be catastrophic?" 

He -went on to explain how Cockpit Resource Management (CRM) and Line 
Operational Flight Training (LOFT) can moderate the introduction of cockpit 
emergencies. 

The next viewgraph indicates the extent of the possibilities for human 
error; some ten thousand air transports in operations with twelve million 
departures per year, and growing. 

The next viewgraph lists the fatal airline accidents of last year, 1989, 
with thirty-two fatal accidents. The twenty-four little dots denote accidents 
that will probably be attributed to human error, about 70 per cent of the total, 
when the analyses are completed. These involve flying into hills and mountains, 
overshooting, undershooting, loss of control etc. Accidents due to terrorism 
are not included in this count. The possibility that some of these accidents 
resulted form human error in design, maintenance or air traffic control must also 
be considered and could increase the 70 per cent. 

The next viewgraph portrays the flight stages in which the accidents 
occurred. Almost half, 48.3 per cent, take place in the final approach and 
landing stage. An excellent Boeing study of airline safety, by Lester Lautman, 
suggests the need for improved approach path guidance and stabilization of 
approaches by the time the airplane arrives at a given altitude, say 500 feet. 
Automatic landing might improve this situation. The report says that "the first 
accident due to an automatic landing has yet to be recorded." 

The next viewgraph reveals a rarely mentioned "why" of pilot error. 
Psychological pressure to meet schedule performance. Pilot takes off after a 
heart attack to avoid losing his take off slot. Other pressures arise form 
airline competition for on time performance, or to meet curfew time constraints, 
or to economize on fuel consumption. Even a captain's personal commitment to 
get home or to be at some other place at a definite time may invite an 
operational hazard. His emotional state may also be a factor. 

The adoption of a pilot's code of professional conduct, may provide an 
antidote to such pressures. Physicians have been guided for centuries by the 
widely accepted Oath of Hippocrates. The USA Air Transport Command and the 
Allied Pilots' ~ssociation have adopted such a code. 

The next viewgraph shows fatal accidents per million flights - -  a very 
fine record but its approach to zero indicates how difficult it will be to 
improve this good fatal accident rate. 

The public perception of safety is based not on this good rate but on 
numbers of accidents reported by the mkdia. It must be improved if public 
confidence in airline safety is to be maintained, because if traffic doubles, 
as expected, in the next twenty years, there will be a fatal airline accident 
on the average of one per week at this good rate. 



The last viewgraph is from the Boeing report and calls attention t6 
significant crew factors that demand your attention. 

Note also the reference to management concern for safety. The study 
shows that airlines where safety policy and implementation comes from the CEO 
are the ones with the best safety performance. Perhaps airline executives should 
take refreSher courses in safety' management from training centres such as Al 
Ueltschi's Flight Safety International. I would also suggest that top airline 
executives be called to testify about their safety policies when hearings are 
held on accidents or incidents involving their' airlines. 

The late Harold R. Harris, when he was vice-president of PAN AM World 
Airways about forty years ago declared, "anxiety never disappears in a human 
being in an airplane. It merely remains dormant when there is no cause to arouse 
it. Our challenge is to keep it forever dormant." 

CAUSES % 
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THE MARCH OF COCKPIT AUTOMATION : 
WILL HUMANS EVEK REPIACE COWMXRS? 

(Keynote Address) 

Earl L. Wiener 
Department of Managemenr Science 

University of M i a m i  
Coral Gables, Florida 33146 USA 

*************? 
TITLE SLIDE 

A****-**************** 

LadLes and gentlemen, it is my great pleasure t o  be invited t a  speak 
at the opening of this historic conference. We convene today ar an exciting 
time in East-West cooperation and'communieation, and I wish t o  add my voice of 
thanks eo our Soviet colleagues who have invited us here. 

In my thirty years in this profession I have seen the f i e l d  of human 
factors go from obscurity, gradually to grudging acceptance by txaditional 
professions, and finally t o  the exalted level that we enjoy today. We are 
consulted by industry, goverrment, and operational people;  we are asked t o  
speak at a bewildering array of meetings, and are encouraged t o  pursue our 
research. If there is any criticism one hears today of the efforts of the 
human factors profession, it is that we are not moving fast enough. 
Unfortunately there is some truth in that.  

The practice of human factors in aviation is largely a matter of 
trying to keep up with rapidly advancing technology, and alyays to some extent: 
losing t he  race. The World War I1 aircraft far outstripped the capabilities 
of the p i l o t s  who had to operate them. Human factors arrived on the scene too  
late to make much of an impact on aircraft o f  this era, but the lessons 
learned during World War I1 were not forgotten, and following the war human 
factors flourished in government, in the military services, in universities, 
and in manufacturing. By the end of the decade of the 1960's the profession 
had closed the gap. Tangible benefits to both transport and military aircraft 
could be demonstrated, and the human factors researchers and engineers could 
point with pride at their achievements. 

But our complacency was soon t o  be shattered, and done so by a 
device so small that hundreds could be held  in the human hand. The microchip 
ushered in the age of sophisticated aircraft automation, and once again the 
human factors researchers and the aviation industry struggle to catch up with 
the capabilities of the new devices.  It i s  as if the clock had been set back 
to the 1940's. 

There are fundamental truths that  we do not understand about the 
human factors of automation. For example, the most fundamental, the 
relationship between automation and workload, has not been established. It is 
far from true to assume as a general statement that "automation reduces 
workload." In fact there are very possibly conditions under which the 
opposite occurs, that automation induces workload. Furthermore; there is not 
a single experiment that I am aware of that investigates the relationship 
between automation and fatigue. 



Our challenge today is to develop a "philosophy of automation" which 
will allow us to integrate the new technologies and devices as they become 
available. -,We must also develop operational doctrine, training methods, and 
management techniques which will allow us to exploit the positive features of 
automation, and control the negative gspects. I will be speaking to you again 
on Wednesday morning on this topic, and will outline some of the approaches 
that we might take to achieve a better understanding and utilization of the 
remarkable capabilities of cockpit automation. 

For some years I have been studying the relationship between highly 
automated systems and human error, particularly the manner in which automation 
may induce or invite human error. I have spoken of what I cab1 "fallible 
humans and vulnerable systems." For example, the keyboard, so prevalent and 
apparently irreplaceable in digital systems, is a wellspring of human error. 
In 1987 two jumbo jets flying from Europe to the U.S..passed within thirty 
feet of each other over the Atlantic in Canadian airspace. The cause? A 
single keystroke error in the inertial navigation system. 

The examples of the vulnerability of modern systems to human error 
are endless, as one can see from this slide. 

............................. 
INCIDENTS AND ACCIDENTS 

............................. 

Training is another issue which impacts flight safety and 
automation. With the rapid expansion of airlines and the drying up of 
traditional pools from which pilots have been hired, airlines face the 
greatest peace-time training challenge in history. At the same time airlines 
will be retiring their 

******************it-k********* 

TRAINING 
............................. 

traditional cockpit aircraft. Thus two trends will converge: increasing 
sophistication of cockpits, and decreasing experience of pilots entering these 
cockpits. 

Still I would caution that there is a temptation to think that all 
problems can be solved by training. Often the training department becomes the 
dumping ground for poor design and conceptualization. 

**************k-k************* 

IRON LAW 
............................. 

Meanwhile the next decade will witness an endless parade of new 
devices: TCAS, GPS, MLS, wind-shear detection, envelope protection, and 
mode-S are in the immediate future;and many more 

- 



............................. 
NEW TECHNOLOGIES 

............................... 

developmen~s..will emerge in early years of- the next century. 

Cockpit resource management training offers the solution of a class 
of probiems that have plagued commercial aviation, and I salute those from 
both the aviation community and the academic and scientific world who have 
made remarkably rapid advances in only one decade. But I would caution that 
my own field studies have convinced me that CRM training should no longer be 
considered model-independent, and that crew communications and 

***************************-kt* 

COCKPIT RESOURCE. MANAGEMENT 
............................. 

coordination in the highly automated aircraft may differ in significant ways 
from traditional aircraft, upon which current CRM programs are based. I hope 
that our current research, a cooperative effort between NASA, the University 
of Miami, and Delta Air Lines, will clarify these issues. 

In recent years economic production pressures have caused the 
industry to stretch the capability of our airliners and crews to what may 
prove to be the limit. Already we have extended operations (ETOPS) of 
two-pilot, two-engine aircraft flying long over-water segments. With the 
recent introduction of the B-747-400, and shortly the MD-11, two-pilot crews 
will be stretched ever further. Now airlines are beginning to augment the 
two-pilot crews with one or possibly two extra pilots. The individual 
authority, and role relations of these mixed crews of primary and relief 
pilots pose a new challenge to cockpit resource management (CRM). One can 
imagine a variety of interesting scenarios, especially when the two seats are 
occupied by relief pilots and the captain, perhaps two captains, are off-duty. 

The popular British novelist and former politician Jeffrey Archer, 
once authored a book entitled, Shall We Tell the President? The phrase we may 
soon be hearing in the cockpit will be, "Shall we wake the captain?" 

............................. 
WAKE THE C-UTAIN? 

*********kt****************** 

These are exciting times to be in the field of human factors. We 
must confront the remarkable challenge of new technologies, or we will face 
the 1940's all over again: machines whose capabilities are more advanced than 
the humans who must control them. 

I commend ICAO for convening this important meeting, and again thank 
our Soviet hosts. 



COCKPIT AUTOMATION: 

WILL HUMANS EVER 
REPLACE COMPUTERS? 

Earl L. Wiener 



INCBDENTS AND ACCIDENTS 

AVIATION- 
NWA 255 
DAL 114.1 

MARINE 
Herald of Free Enterprise 
Exxon Valdez 

PRODUCTION 
Three Mile Island 
Chernobyl 
Bhopal 

MILITARY 
U.S.S. Vincennes/lran Air 655 





ENER'S IRON LAW 

If human factors work is done 
properly at the design phase, 
the cost is high, but it is paid 

only once. If poor designs must 
be compensated for by training, 

the cost is paid every day. 



NEW TECHNOLOGIES 
WITH HUMAN FACTORS 

IMPLICATIONS 

TCAS, MLS, GPS 
Wind-shear detection 
Envelope protection 

Mode-S data link 



CREW COORDINATION ISSUES 

WHO DOES WHAT 

SUPERVISION 

SHIFT OF AUTHORITY 

INDEPENDENCE OF CREW MEMBERS 



"SHALL W E  WAKE 
THE CAPTAIN?" 



b m m  Factors: the operational challenge 

Frank H Hawkins 

Transcending Rational Frontiers 

The 1975 Istanbul IATA Technical Conference is seen by many as an 
important event i n  cLvfl aviat ion Human Factors history. For the first 
time most of the world's major airlines expressed the ir  serious concern 
at the role of human behaviour and performance In air  safety, Perhaps 
t h i s  1990 Leningrad Seminar wil l .  in time be thought of as the  event 
demonstrating that this concern really transcends a l l  national 
boundaries. 

Ae t i v i t  y in academia, government agencf es and international bodf es 
provides a v i t a l  foundation f o r  progress. But the f i n a l  t e s t  of 
achievement is what f s happening in the  real world of air  transport. And 
not l eas t ,  on t h e  f l i g h t  deck. 

The dominant role o f  inadequate human behaviour in accidents has 
been known far half a century. Yet only in recent years have we seen 
significant s i g n s  of practical progress and even this has been quite 
patchy. 

Looking from the a lr  transport flight deck, several issues seem t o  
c a l l  for perticular attention. Time allows just a few t o  be mentioned 
here. 

Tuning t o  the same frequency 

A prime requisite t o  ensure f r u i t f u l  interhational collaboration and 
progress i s  that  we must communicate with  each other on the same 
conceptual frequency. There must be broad agreement on the meaning of 
the technology of Human Factors. It I s  unreasonable t o  expect a busy 
flight deck design specialist t o  travel around the globe t o  l i s t e n  t o  
papers on, say, medical screening techniques. Neither is it productive 
for a physician t o  spend h i s  t lme attending presentations on, for 
example, pilot behaviour in an automated f l i ght  deck. 

\. 
We must narrow and clarify the  f i e ld .  I n  some countries this has 

already been accomp2ished. In others, confusion s t i l l  reigns, In the  
Human Factors Soclet y, psychology - f s t h e  most dominant background 
discipline with medicine representing less that 42 of members, - Y e t  I n  
some countries, Human Fectors f 6 st i l l  seen as a branch, of medicine, 
w i t h  progress inhibited as a result. 



Ffg 1. A model . of ~k Factors" 

A w d e l  illustrating the  interfaces between the  components of  the 
complex Flyfng system and reflecting the technology o f  'Human Factors. In 
this model we see the human cornpent, or the L i v e w r e ,  in the  centre. ' A  
sound understanding of its characteristics -- i t s  capabflltfes and 
l l m f  t a t l o n s  -- is essential if a proper matching of the  ofher compon&ts 
is t o  be achieved, These other components are the H a r d m e  Ce8 dfsp3ays 
b conbrolsl, Softmre leg procedures C symbology), En~fr~nmznt Teg 
noise, heat/col d, cf rsadf an dysrythmial and o ther  L i  veware Ceg of her 
members of the team), 

Developing Credibility 

A second problem, viewed from the f l i g h t  deck, i d  one of credibility 
i n  the Human Factors message. Mat only credf b i  lity t o  flying personn?l 
but also to aitl ine managements' and regulatory sgenc ies. 

This was well illustrated in a Human Factors seminar I conducted for  
16 European airlines just a few years ago, The Treining and Safety  
Manager of one airl ine de l ivered the challenge. "In my 'company's 
opinion", he declared "Human Factors is Just an excuse for 
incompetence". We must be saddened by the ignorance and complacency 
which such a declaration reveals. But we must also reflect on our o m  
failure t o  convey with adequate credibility the  Human Factors message t o  
those in a i r  transport in a position t o  influence events. 

We must make clear t h a t  Human Factors is NOT concerned t o  reduce o r  
remove the concept of indiv idual  responsibility. Neither does it.condone 
undisciplined, incornpet ent , complacent or  negligent behavlour. 

x 

On the other hand, It recognf ses that crew members do not overnight 
abandon good professional bahaviour t o  become undlsc i  p l  ined, 
incompetent, complacent or  negligent. This often reflects  long exposure 
t o  an operational envf ronment which tolerates such , behavioy. This, in 
turn, usually reflects o management which is indi f ferent  t o  the  need for 
a mare enlightened approach t o  h w n  behaviour and performance. 



Optimising the! Hardware 

H-n Factors also recognfses that  many of  the ti& errors whtch 
occur are system-induced rat her than operat or-f nduced. Ef r transport 
operators and their technical p i l o t s  are now prepared, as they always 
have been, to make their operational experience available t o  aircraft 
designers. This may be done individually and through organisat ions such 
aa the  SAE 5-7 Committee. 

However, the  st ate-of-the-art is now such that  basfc Human Factors 
issues  of  f l i g h t  deck design and systems should be resolved BEFORE the 
aircraft comes i n t o  sqrvice. We should not have t o  wait for an accident 
or incident  t o  generate corrections in such aspects of desigr.  

The impact o f  sutomation on p i l o t  performance and f l i g h t  deck tasks 
is now under increasing scrutiny and this attention must extend t o  p i l o t  
select ion criteria.  

Sleep and Biological Rhythms: Performance and Behaviour 

Variations in performance and behaviour associated w i t h  sleep and 
biological rhythm disturbance have been known f o r  many years, 
Confidential p i l o t  reporting schemes En recent years have been removing 
the  covers from some o f  the hazards associated with these varfations. 
The publFc and regulatory agencies are now taking increased not i ce  o f  
this aspect of f l i g h t  safety. 

The introduction of extended range operations and the suggested w e  
of drugs t o  enhance sleep i n  such situations, raises serious end 
fundamental issues which have not yet been f u l l y  resolved. 

Educat f on and Training 

Another basic area which presents a challenge t o  the enlightened 
airline, is haw to ensure proper education end tra ining  i n  Human Factors 
-- the key  t o  progress. Education provides a general batkground OF 
knowledge of a subject  which lays the  foundation for  later training for  
specific applications, 

We w u l d  not consider treining p i l o t s  i n  f l i g h t  planning without 
their having had a formal background o f  education in arithmetic. Neither 
w u l d  we try to train them i n  meteorology or a i rcra f t  systems i f  they 
had received no original education i n  physics or general science. Why, 
then, is thf s ehitinent ly sound concept not appl ied  in the case of Human 
Factors? I t s  proven rtlst fonship to a i r  safety would certainly j u s t i f y  

'S his. 

A 1 1  over the world today , ue find airl ines ,  oftm backed by . 
regulst clry agencies, t r y i  ng to short-cut this learning process. They are 
applying short-term training in aspects of human behaviour without any 
educational foundation amongst the staff concerned. This particularly 
applies t o  what is sometimes called Cockpit Resource Management or CRM. 
T h i s  is current ly  a fashionable term in c i v i l  aviation far a branch of 



non-technical training. I t  essentially means the leadership snd crew 
cooperation which many in the industry have always secognised as being a 
pre-requisite for air wafety. Air crews being trained in CWM -- and 
often eyen those teaching them -- have usually had no form1 background 
of education in human behaviour and performance. %?~rt hermore, 
expectations in glodifying personality and strongly held attitudes by 
such programmes are sometimes set quite unrealistically high and 
disillusion then follows failure. The solution in some cases is.in pilot 
selection rather than in-service training. 

Airlines believe that when they recruit pilots, the f ormel 
educational process should have been completed. Their task is then 
simply to train this educated recruit to fill his specific slot in the 
airline's operations. This assumption is sadly an illusion in most 
airlines in most countries. Where ab inftio flying schools have 
integrated Human Factors education into their programmes, such as in 
Australia and the Netherlands, the educational problem is well on the 
way towards solution. Yet even there, the airline is still faced with 
the need to introduce Human Factors to pilots already in service. For 
most other countries the problem is more severe. A rather new flying 
college advertising 935 hours of ground school for training airline 
pilots, listed not one single hour devoted to Human Factors. Airlines 
taking pilots from flying schools should insist on a proper basic level 
of Human Factors knowledge. While ICAO Annex 1 now requires this in 
general terms, precise interpretation is left to national civil aviation 
authorities, many themselves lacking Human Factors expertise. 

We can expect progress in this area to be unacceptably slow until 
the relevant ICAO Annex 1 clause is clarified and applied universally as 
a mandatory requirement. In all such activity we must keep our eyes 
focused on the main areas of Human Factors deficiencies as revealed by 
accident and incident investigations and by confidential pilot 
reporting. We must not be diverted into allocating resources where they 
are likely to have little impact on air safety and efficiency. 

h 1  4 univervly higher degree + 
induslry research 

level 3 unwrsity degree 

hll awareness come / ~ ~ k l i i l ~ i i \ . -  
. - .  . 

Flg 2. Levels and Soices  of H u a a n  Factors Erperti se* 

A model suggesting the degree of Human Factors expertise required in an 
avf atf on. organi sation and the sources of this expertise. Courses are 
currently available to meet all of these requirements. 



Can and Will do 

51% have for  long been able t o  demonstrate the capability af the 
p i l o t ,  - in terms o f .  flying skill, in supervised and highly s t r u c t u r e d  
proficiency checks, We are demonstrating, that is, what ha CAM do. We 
can even asses t o  some extent leadership and teamwork capability through 
Line-Oriented-Flight Training where a crew as a team feces a simulated 
?out i n e  f l i g h t .  

Whet we have demanstrsbly failed to do, is to predict  what a p i l o t  
HTLL do when he is on a normal, unsupervfsrd line flight. X t  seems 
probable that most pilots killed in a humen error aircraft accident -- 
i f  they had been eble t o  return for  a test -- would have pessed a 
conventional proficiency check st  the  time of the crash. 

Some progress has been made, *with union agreement, for  the  use of 
flight data recorders in analysfng adherence to a specific apereting 
envelope, Acceptance of t h i s  procedure is not universal. Thf r progress 
was reviewed in the Flight Safety Foundation Workshop in Taiwan in March 
1989. However, this technique gives l i t t l e  f nformat ion about non- 
technical performance af the  crew. I t  may demonstrate WHAT was done but 
gives l i t t l e  clue as t o  HOW or W i t  was done and may not reveal 
potentially hazardous behaviour. Investigators are sometimes surprised 
at  the scale of violetfon of standard operating procedures* lack of 
leadership and inadequate crew cooperation revealed by the Cockpit 
Voice Recorder. In most countries, the curtain over this window an 
cockpit performance i n  the real world of  routine flying can only be 
pulled aside n f t e t  an accident or serious fncident. This remains an 
important challenge in the search for improved Flight safety. 

Bridging the Gap 

Professor Hywell Murrell who coined the w t d  Yergonomicsn about 40 
years ago, later  wrote that the  l i f t  (or the  elevator) between the  ivory 
tower of academia end the shop floor appears t o  have got stuck halfway. 

I f  we are t o  make adequate progress in the future i t  is essential 
that  we have enough properly qualified l i f t  attendants available t o  keep 
the l i f t  movfng -- up as well as dawn. We need not only tcr ensure a f l o w  
of research information to  the  airlines, but we also need t o  ensure that 
the real problems facing the  airlines are being properly addressed in 
cent rcs  of research, 

. Few of  the  world'r sirlines have even a single such figure, 
postiessing skills of flight deck operations combined with formal 
qualifications and expertise i n  ..Human Factors. And feu airline 
managements feel $nclfned t o  st imulate the development of such creatures 
or glve them adequate responsibility even when they do exfat. 

But there is l i ght  on the horizon. The 1980s have seen the 
introduction of Rumen Factors expertise into such fnfluentfal bodies as 
t h e  FAA nnd NTSB. In Australia, the government Bureau of Air Safety 
Invest fgat ion has for many years benef l ted from such expertise -- it f s 



perhaps no coincidence that Australia is consistently around the top of 
the air safety league. ICAO has finally end tentatively made a move in 
the right direction in pilot licensing. This also recognises that in 
today's world of air transport, knowledge and skill requirements must be 
made mandatory to be universally applied. 

Yet many other bodies display resistance to enlightened progress. 
Too many lives have been lost unnecessarily as a result of inadequate 
application of the technology of Human Factors in civil aviation. Too 
often we.are seeing the same human performance and behaviour deficiency 
cards simply reshuffled and dealt out again in a somewhat different 
sequence for the next accident. It is the task of delegates to seminars 
such as this to tackle boldly and effectively, nationally and 
internationally, the type of challenges outlined in this short address. 

" Reproduced with permission from HUMAN FACTORS IN FLIGHT, F H Hawkins, 
360pp, Gower Publishing Company, Croft Rd, Aldershot, Hants, Gull 3HR, 
England. Tel: 0252-331551. Also: Old Post Rd, Brookf ield, Vermont 05036, 
USA. Tel: 802-276-3 162 
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w e n r o p m  npabopa, a fartae m c m y ,  

t lccaexowq FZT pa3mm e p d  n-m Ba CCHOBe 

O Q e F 5  6 W I m C T B O M  J I E T W 5 0 B - n + E ~ e C T B O  

m, npemrasnexwet m m.5, no O d ~ e ~ m w  m d  

a oqe~iani amwon ~mecoobpaaao ynmnelerae GI! 6FY a Ra- 

&'DX T W E W  EI I(D%FIB; II0mIW)SBHHe P.OnWHTWIbH0 KzK2na 

p w ~ m  Hapy'WET qmrrmaoB cTepeowrr y n - p a e m  a sa- 

TpgaYaaT peamm amma a a w r r a T H H l r  cmymi~m. 

B npouecce nomxeroe onpenawmcs o n ~ ~ . m m a ~  odnac~b 

pacnonoizm FTY B ~abme. B peaynbTaTe o c ~ e m i i e m ~  we- 
aox amwos c pa3-d mponoMeTpmecmm zmwa 
dune srpmlta!m qen~~o06pawn~  pacnonozeme ac~o-e'PY 

aa U O M O R O T m e  ~pecm c abma~enao3 w a n ; l ~ o %  p p ,  

V q O B R O R  nWLDXm py¶Gl DO BttcOTe !d BIloJI5 DO&TOROT~. 
I 

D-JI~F KLWBTC~ BOII- o cfenem I I D ~ O C T I C  

np5mdym~~~a  mm-pwaro~ yipamem, E B SBFTROC- 

TH W ,  T-CR: B we ~ O J I L I I I ~ ~ ~  CTe5eHB npn BE x o w m  

mpBMlIE C B H C O R O ~ T ! Y M ~ T ~ S A ~ O ~ O ~ ~  C H C T ~ M O ~  -€- 

RHR. C ~ ~ C T B W O  BO~~OCIIIE% mBeFib ~ O ~ T O B O ~ W  O~OPJ~HOM- 

c w m ~ e m e ~  P em C O C T ~ B  -porn a d  EO~BQRPE-T ' 

pemaoserb Rome- ynpaaaemu n a c c a q x m  caMoJreToM, 

D'pwMaTpElsamEte & ~ o e  pasneneme py-moro I 
8BTQh~TwECMOrO m22JIEEZER C QWlm b W X C ~ H O r 0  -era 

TeJroBeseceoro &mopa. K o q e q m ,  npen,narawe EOB* 

ro POKOJI~BBR om- EmaEeBpeSHm cahlmmm., n p o m  art- 
pod- ar C O G T B ~ T C T ~  oqemy am- = JLl Ty-I52M 

B mcTaocTn, accaenomnm m o s o f i  m r e r p m   OH p 

p a 8 n e ~ ~ ~ .  OH odecue-e~ ~eDbxorndoe RapecTso g w m e -  
~ F I  npa m m m ~ ' i 0 8  aarp9aemoca nerwwa. U p  srot~ pea- 

J n r 3 0 B ~ ~ a A a C 5  ~omemm TaK ~ a z ~ m e ~ o r o  "desorracr?oro" m- 



nmvpmm, 03~asanw.~  a e ~ o 3 ~ o m o c ~ b  aane opemepey-  

aora smom cmoneza rn rrpaaeamrrbte p-661 noneTa (3a 

CPeT ~pETMa7eCsOTO O r m e E m R  C O O T S W C T B ~  EOJLeT- 

EXX mpme~po~l arra xe mga6mq warm npmmoa WE- 
- e m  K npelteamun pemmm m c-aqrm ammaw 
tpnc.6). O m  qo~enex~boc  aa U aecne~osam3 uoma3, 

YTO n e ~ m  CWT~BOM n o n o m e m o  ouemmamen acdemoc- 

TH ~ ~ p ~ m m a w o f i  C X W  C B C T W  w e 9 w r .  

Oco6tdt m e p s c  H c o ~ ~ e m  Bmmana IqAefi61IeMOCTb pac- 
\ 

EMaTpmaeMoro s a ~ o ~ a  m pmwx pasrona H ~ o p r n m  ca- 

MonaTa, me aTmd s a x o ~ w  pbeenemaerca npaff~mscm E ~ B -  

T P ~ L K O C T L  pbrqara Qnpasnemm no CCXOPWTE (ero mno~eme . 
B aToM w e  me He m e z c a  ~VLR: nIIeTrZHKa R O ~ O ~ I A E I T ~ ~ ~ ~  

-TOPOM o s a m e  ~ e ~ e i t  empoc~a nonera). 0-0 

BCe m l ' m  OmOSk%¶EO EOAOSETsff6IIO aT0 gaVeCTBO 

ortneTm saaawxoe ynpwme mmngomwi camnaa np t  m- 
MeHeRnH CXDpOCTId E OTCgTCTBEI8 A ~ ~ x o ~ c T E  T p ~ O B a -  

BKR pmara yrrpmsm~.  
llcnnrra~ae nmaaaaa, YTO peamrjommue csoik~~a BETO. 

mraseexoro orpamsem 80- V A o e  aTam, h-pem E CRD 

WCTXI umeTa B C O B O ~ ~ O C T E  c n e c ~ e ~ ~ e m m "  m q w -  

mm npnsm-arn rn n o c ~ m e m  (a  T ~ T R  aonmmemme 
~ C B I [ R A  rra pnv-re p p a m e m  n COOT38TCTByarnaR c m ~ m m 2 -  

~!%q a reacre cz.lmene) mpmzau cpencrsam el- 

H.WeW ( ~ E c .  7). OHH Ile KaFyUaXC WlmaOIW CTepeaTm 

mompornam cadoxera a ecTecTsemtmr ad pa so^ sacnpxm- 
~ B T C S  axtanaxe:.I. IIo m s w  aemmoa, I-c ywc- 

Tue B I I ~ J I ~ T Z X  KEI LUI Ty-IW, xccnemBamne 3mm 
a e m  3-upw2r0~ mToTwoBaAEfe, ~ O ~ B O ~ L W I T  9maw ~TCTBO- 
s z ~ a  ce6n nczxoncrasrnm dmes perrema a dortbmee BHB~P- 

me gAenak o u e 3 e  Coc~omm CECTWA CBMOnma I nadm~e- 

JIm B p e m e  Tax Ba3KaawM co~MrneMIOro g?rpa&~sa;ur. 

npri arm B C Z C T ~ M ~  ycra~a~11~8agl~cx noprome s m q e a  
yU1- C m O B ,  U-y W B W e m  KOTOgm &¶-OM 

c~c~enaa  m a n e m w  p a d o ~ a e ~  B pemye p o r o  m m o ~ q o ~ a -  
L 

mfi. B n p ~ r n ~ d ~  c q m e  cacrehla padoTaeT a p e m e  ~ T - T  

m c x o B  c~adHna3- amar.rm napataeTpoB. Pesynb~a~n 
(PUG a) 

mamima Odsemmm m m i  O T ~ K B I  Bcex n m m o ~  C ~ F  

T ~ ~ C T -  od IE cgrnec~se~~.oIt n c ~ ~ a o n o r w e c x o B  pas- 
I 

rpp~e:  peae ngoacxomT mema~anbcmo B - m e ,  8- 

mee m m a m e  rnm6-t~~ E O H ~  rpaerrropaoro nonmemw 
caMmeTa, padmat o d o p y x o m  x T,$. B TO xe B ~ M  aa- 

MeTEO BOapaCTaeT TO¶HOC'Eb DlUlOTflpdH3EU. DO OU@RXa n e d  
ROS p e a  comememom maanem &cunra~~: bmb ocaoawma 

pegaaaole padom czc~ewr p p a m e m  m c c a m p z u  CaMdJeTQB 
no 

Co~pememaa rto~nzemrarr ripe-ae? npemTa=me sa- 

w ~ce!d m o f a s e m a w o K a o a  m@pam B m erw 

aotn m e  ~a WeT- a a e _ s ~ p ~ m a  mcmem. Dpn aT6t.T SW- 

na cacrom se B " w m a m m e c ~ m ~ ~  a h s m ~  aeobxo- 
mpz*JeTpoa a oPpenenemo3 sacm xpnrbopHoP nocxn, a 8 on- 
penenem on~waarnno8 @psi rpe.~mertoro D p e A C T W B W ,  

ssm.woit y~f131is H n o m  padm~ HapaaaeTpoe, odeenawmw 
w n  m c p o ~ a m i o c ~ ~  (a 3m-T a B @ Z ~ ~ B O C T ~ I  padmar 
a m m a  n p ~  sro M W E W ~ E O B  ncm~Eonom%cxoPt aarpy- 

xemww, 

Handones ~ n m o t  n y m o H ,  c w ~ o f i  c onperre- 

n e m  cnosmmi~m crspeoTmuv BBOC~~PBRFTVI ~ p . r B 0 - v  B 
M ~ T O W  agl lo~apo~amm c ee ncnomsoaaweaa, -TEA a- 

n o ~ a s m  wm. Odae~~- ee o n e m  ~ p & y e ~   DO^@ 

o ~ e m a  KasecTsa n m o ~ r r p o e ~ ,  sro~wecT~eH.H08 onemn i 
1 

BaTpy30RllOE'PB M m a  a w m ~ e  ' ~ o a w .  M B ~ H O J I Q ~ % ~  

rucr a ncnxo+3BdnoFsnecmx noxasarenen. 



3a.gna TpaesTopaoro y&aane-= a n~rnarpn;  a a e n  cTa- 

6m3-I sar[aE+ii napa:e.:empoB, o r p s s e m  EX ~mi(cmm.~-- 

no A O F J C T ~  a x a s e m  E T.n. pemamcs a s ~ o m ~ ~ < c Z .  3 ~ a  

s o s e w ?  no=-.a o ~ p a ~ a ~ s c c !  E B n o m e  n_oencTmekx IF34 

I I ~  nncnnee neTY&y a 6a3-ye~c.9 Ha H C ~ O J I E ~ O B ~ . - ~  B n e p  

B~EO osepenb ~ ~ @ q m a g x  o Be.wy%e H Eanpame.L'631 B ~ I ( T O _ D ~  

ny~eso8 cxogocTn cmonema ( p ~ c . 9 ) .  3 x c n e p m ~ e a ~ u r ~ m e  ac- 

cnexoBa.=a n o ~ a 3 m m ,  wo EC!IOnh30BaESIe 3 ~ 0 r o  m)Lm7a 

I I O ~ B O J L X ~ T  06ecnemb noc2a:ry car,!oneTa B ycno.xm MeTeo- 

MJC-ZMYMa 0 X 0 M H IIOBHCmb BeOOmHOCTb beaonacaoro 4a- 

l@osexemue siccnexoxmi nomcaaarn, wo Weonorm, 
c~-pyxqpa H napaMeTpu Bcex cncrm, obpaspam nohiyp yn- 
pameam, HenocpencTsemo 3a~ac .x~  OT H ~ p e b ~ ~ i 3 ~  
o b m a ~ e m o r o  ero yneTa. Xerne Eccnenosamm S J ~ T C R  

odrna~enxman aTanoM .up11 oopabo~~ie HOBHX x c o m e w ,  C ~ R -  

3 m t m  C W . b 6 0 n e e  rnd* ECT-WAeHTOM ajlR TEiXXX 

nccnenoaamit IIBnqeTca c n e w m o  co3namw-i El IIO~BOJLEX+ 

uzq a&mETb IIo.TomenMixe H (rPpm.pTabRle CTOPORH ¶(2 

B yCJIOBLLFZ peanxioro noneTa. 



d o ~ o s t ~ e  
pywui 

Y U @ P ~ B J J ~  
BUCOKOaBFOM. 

'ynpame~aff, 1fem110 &we 
mmutrypBaa 3 a ~ o m  11 am. A M H X ~ K A  C A M O A E T A  
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I 
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--- OSblVHRS CUCTEMA ~ ~ P R B ~ E Y U ~  

Pac , 8 C ~a rac mnec~ae  oqew~1 n a n o r n p o s a ~ ~ ~ . ~  , nowPem2 a3 

pemiloa saxoaa da n o c m .  



A B T O ~ :  nOKTOP TeXtMrleCXHX HByK CTOJIKPOB H.A. 
Hasasbmg oTpema sproHomKn Haymo- 
8KCnepKMeHTaJIbHOrO qeHTpa aBTOMaTH3wHH 

yxpasxem ~ o s g y m m  p~memeu.r.Mocxsa. 

r0pblraR CTBTHCTHKB O I W ~ O W X  J ~ ~ ~ C T B H #  WIeHOB 3K~na~ef l  043 , 

rpaqnascxofl aBHaqim n o x a 3 ~ ~ a e ~  ,WO oHa orrpepenReT B xacTosqee 
BpeXR 06illYKl KaPTw ~ ~ ~ O X I ~ C H O C T M  IIOJIeTOB. (CJI I).  
Mmmy~ Kavaff 4 4 %  K ~ T ~ C T P O @ ,  K a w e  2 4  H3 3-x BBHaqHOHHblX 

n p o ~ c m e c ~ ~ ~ f l  H Kawaff I 0 - a ~  npegnocnsxa K HHM coEepmanTcs a pe- 
3yJIbTaTe omn6owx J ( ~ ~ ~ c T B H #  S K H ~ ~ X ~ . Y C T ~ H O B H T ~  peWIb)pJD L f p H c l w ,  

@ p q y o n g r ~  0J3 ~cmrmTengHo apyp~o. C e r o w  - s ~ o  cxopee MC - 
K ~ C C T B O  paceseposaTenefl ,ueu pexecao . 0 6 ~ c m e ~ c ~  wo xpeatge seers 
OTCYTCTBHeM PeWIbHO 3aIlMCa0fMblX XBPb3XTePHCTHK BeEPTenbHOCTH H COC- 

TORHMR WeHOB SKMPI8Xa,BO3YQXHOCTH CpaBHLfTb K C  C HopPrlQOMHIEJMH, 

H ~ O @ C C H O X ~ A ~ H O  -~eoBxogmmn. BOT EOqeMy a0 HE1CTORn(eI'O BpeWbiM 

MH He MQXeM C ~eo6xo,nmoff TOWOCTbD OIIPepC!JIHTb PEi'ld(e 06JfaCTb @p- 
~ ~ B ~ I W R  n g ~ w l ~  043 .YTO srmeaca n e p ~ o x p ~ a ~ ~ o f t  843 : gIexa~ecTBem 
o ~ B o p ,  moxoe odyaeme s~smaxeft, nonroToaKa H spramsaqm noxeToe, 
WIH ~ B X H ~ ~  YPOBeHb SPFOHOMHWOCTH K ~ ~ H M  C ~ O A € ? T O B ?  

3 a o - n 3 ~ g x  wodaexa ----- ,pernome I C Q T O ~ O ~ ~  m 0 6 m p ~ o  EIOEU- 

m e w  ~ ~ ~ O ~ ~ C H O C T X  ~ O J I C T B B ,  H pmam ee w e o 6 m ~ o  vepes yqeT q@ 
wi BCCX n e p e ~ n c a e m x  aTanax. C ~ p y x ~ y p ~ o  WQ B U ~ ~ W T  cnemmnpm 
06pasom (en.%). Ha O C H O ~ ~ I B  @ ~ ~ B ~ Q B K X  XB)%RTHR W ,  B I P ~ T Q ~ ~  

acene~osa;aeabc~oR rpymofl W , anpegemeTcsr x s w a m  BH,Z Qa- 
~ O B M X  ( R ~ O & C C X Q B ~ ~ ~ ~ ~ H O -  xeoBxo XI , E ~ H B x , x + y U b W X  8 P g e H b H O -  

- BO3MOXlWX XELpaKTBpHCTHK JB[C%Tt?JlbXOCTX H COCTBbIKWl bE$B1aEEke 

86ecwewaae~ca perxeapaqmi H cpmieme ~ B H J I Y ~ ~ ~ ~ L J X  XZipXTepHc- 
TMK B a ~ b ~ f t  MOmHT B ~ x ~ M H  c H O ~ X B ~ P O B ~ ~ .  B c q u e  QA3 Hecooa- 
BeTCTBW RH,EHBHWBJKbEWX XBpaXTepHCTHK baaoaw O~OXWiWiO OIxpepe- 
meT o b n a c ~ b  @ p m p o ~ s m  0A3, B moszrau 0~60ge ,  o 6 y ~ e m ~  HXH 

opramsaWH w e ~ ~ o f t  pabow. EMH 0149 C O H p O B O ~ a J I H e b  msmmTenbmm 

OTKJIOHeHMex m~ npeabmreHHen H H J I H B W E U I ~ H ~ ~ X  mPKT6PHCTHX 



OTHOCHTenbHO 6 8 3 0 ~ ~ ~  - BTO OCHOBHOB E p H 3 E i K  HW3~0n 8PrOHOYHWOCTH 

pado~ero veeTa a~maxa. l I p ~ a e ~  npwuep ( clr .3) ,  ,Qm pa3n~mroR no- 
cAeaoaaTenbnocTn ps3ueqeHm c ~ r ~ a m ~ 3 a ~ o p o ~  o nosape B C ~ O B P X  

ycTanoaKax ( B ~ F H ~ H T  H I  ; H P2 1 axcnepmemmbno onpejemacb no- 
c-jrenoea~eabnoc~b H Bpew oaepawP no anmmemo " ropmqeft " cn- 
no BOA ycTaHoaKn. lIpn o p m ~ o  nHx I ~ J I H S K H X  K' rrpe~eabm 1 XBPBKT~PHC- 

THxaM $eRTeJIbtrOCTH no BPeYeHH O m X  H TCX X e  W O T O B ,  OEIH~OWX 

J I ~ ~ ~ c T B u R  a Bapname 4 no onpenenema Hovepa ropqero psuraaem 
6~~10 H ~ M H O ~ O  bonbme . 3 ~ o  oxrpejenflnoc b a p r o ~ o m e c ~ m  HecoaepmeH- 
CTBOM KOHlIaHOBRH CHrH&JlH38TOPOB, Y C T B H O B K O ~ ~  C X B a  HHJJiKBTOP8 

scao~urarenbnoR c w ~ o a o ~  ycTaHo~~~,acnoJb3ye~of l  pepyo. Em ne 
y v e H  W, c~113amf l  c TeMjmo nu m m x  O T C V ~ T  cneBa mnpaEo 
cwTaeu c em- He c wnn.  K ~ K  xe ~ c r n w m b  ~ ~ B R B ~ C R H ~  

a m x  RocagHarx BpreHomtcnrxx o m ~ 6 0 ~  , X ~ K  yqeclrb W ssa eamx p a m x  
alranax cjpspmpo samx ~ ~ ~ O H O ~ P ~ ~ C R O P O  O ~ J I H K ~  K ~ B H W  e w o ~ e ~ a ?  
BO~MOZHHM ny~m pemem~ BTOR n~opgl --- npsd~em m e  H xo~tnocn BH 
XOCBflTHTb OCHOBHYP WlCTb MOel'0 POm8Ja. - 

AelranbmR amam 0J3 H O K ~ ~ H E I ~ ~ T ,  mo 6oaee 50% scsx a maqmwwx, 
H ~ O H C ~ ~ G T B H R  CBR38HM C BkiXOaOM 38 BKClUiyBTdqBOWE OFpBHMqCHMRj 

ycTaHomemc B P~KBBOJCTBC no ae~aeft aKcnaryaTamH ( ~ 3 ~ 4 1 ,  
C O O T H ~ C T H  T e r n € !  H VaHUWWC 3Hl3WHHS EOHTPBW~YeWX B BICIUIyB- 

rfaqsw a a p a ~ e ~ ; a ~  YOXHO TOJIBRO B E ~ H ~ O P H O J B  noae~e, 
3 ~ o  ogwsamtano onpeaemep mume ~ 8 1  @ p q o ~ a m t  O ~ B O W X  

~ ~ R C T B H R  BKmam P p F Q H O W t C X H X  X3P8KTePBCTHH E ~ H ~ O P H B R  H@~PMB- 

YHH BOT H09ew CHH3HTb HPOqBFIT 0,43 TombKO sa C-T BPregpt?KHR 

HOBHX MeTOnOB H CPeJCTB nOwOTOBKR, 0 6 y ~ e m  W 0~60pa OKa3HBgleTCR 

s a T F g w T e n b m  .R gaxe sreBosurom, 
Hc~opmecxnR n y ~ b  ~ B ~ B M T K R  BBHB~HW apHaen me oa nomeToa, K o r p  
e w n c m e m  npiboposa m o l s a  ~ H X H  OWH, E H O A ~ T & B ~  c e o ~ m  
~ H ~ O ~ O B  H ZaFUdeTpOB (~lr .5)  , 

Ha soapoc H B Kaxorc B R P ~  om  om dmb npacTmnem, 
croxeT aH nmm Hapem aocrrpmHaraTb BCD my sm@p~alfm,~t~ CEIX 

aOp OTBWaJrH H OTEBWDT C 8 W l  HHIIOTH, #cXlQXb3yfl C B Q ~  o m  
R mmy~qm. ~ O W O ~  ~onpoc oapepenemn ~ o a m c ~ s a  H KavecTsa 
npem~~meuoR wemu ertmaxa m@pwaq~lt pemaeslcn wa manax aeT- 
HHX HCIHITBHH$ HB 911(& MTOBHX obpa3qax ~ e m ~ w  .h b T D M  38lClWZHTeJlb- 

momr mane ,E YCAOBHLRX ~ ~ C $ K O P O  xrpeccnma ~$ra~o~menef l ,  He 

repecommx B I I ~ Y ~ A ~ ~  YJte roTamx o b p a ~ q o s , p ~ o  ypaeaen 
l ¶ O q I H T  b OETTHL(a3bme F 3 y J b T 1 T H .  



~ P H  %TOM OTPqaTeJIb)P/D POnb OK83YBaeT P ~ ~ X H U H M ~ ~  XBJBXTeP MOTMBBQHH 

xcaxporo aKcuepTa, wx npmiapnernscTb K p a 3 n w w  o p r a ~ m a ~ p c i ~ .  
BOT aoqeaay ~ o s ~ o a m o c ~ b  TeopeTmecxoro yveTa qenosesecxsrs 

@ax~opa E sproxoxmecxmt pernemlrx K ~ ~ H H  HB camx p a m x  B T ~ I I ~ X  

e o 3 p a m ~  a ~ ~ a q ~ o ~ ~ o f f  TemxH xpafl~e ~eobxogma. 
YWTHBBII,UTO B bpI'aTHQeCKHX CHCTeYaX , C  0m0fi CTOPOW HMef?TCR 

qenosex, c nerKogocTynwranH H ~ ~ O K O M C ~ O J I ~ ~ ~ ~ ~  B P C H X O ~ O ~ H M  

ue+opmH ero HSYII~WA ( nabmpemure sxcnepmem , becega) , a c ppy - 
rot! CTOPOH~J - T e m x a ,  E OCHOBHOM c pacqeTmm MeTogam ee ~ 3 y -  
aems ,  qe~ecoobpa3~o 3a MeTopoRorwveeMyn, ocwo~y HccnegosamR 
3pI'aTHUeCKHX CHCTeM WHHRTb PaCUeTHO- S K C I X ~ ~ K M ~ H T B X ~ H ~ ' ~ ~  MeTop. 
C y ~ b  MeTopa moxeT dmb ~ 3 0 6 p a x e ~ a  c ~ p y ~ ~ y p ~ o ( e n .  6 )  . 
nozyuas uepea np~bopu ~ t i @ p ~ a q m  o c o c ~ o m w  caJaoneTa , I l m o ~  pa- 
60Tae~ , xax Perynx~op ,06ecnew~a~uyR no y c x o s m  6 e 3 o ~ a c ~ s c ~ ~  
xoneTa Haxolqaeme neTaTeJrbHoro annapaTa B a a p a m x  sKcnnyaaqxsH- 
m x  orpamqemx no Bcert nspaveTpax noner;la a cauoneTwx cHcTex 
/ P I  (t) / < H i  --- 
rpe Pi (t) - nepexopwre npoqeccH caaroneTa H ero cHcTeM. 
M i  = Const - noc~o-e H ~ H  & w ~ o n a n b m e  sxcMyaTaqwome 

o rpamqe mrr 
Mi = % (t) * 

T ~ K H M  0 6 ~ 8 3 0 ~  JW npoqecca ~ M O T H ~ O ~ K H R  apraTmecxaR m e -  
T e ~ a  MOXeT 6 ~ ~ b  Ilpe,RCTaBJIe.% B BMpe T ~ ~ ~ ~ ~ H o P w o R  CTPYKTYPH: 

*'=KT y q a B n e m  i: smpe Cauone~a m p e r y . 1 ~ 1 ~ 0 ~  ,ponb KoToporo 
HCIXOJIHRCT ~ ~ W I O T ,  

B COOTBeTCTEHH C T ~ o P H C ? ~ ~  8BTOMaTHW2CXOI'O ~TyXXJlOBaHHR 38x0- 
HH pa60Tbl Pery~ff~opa &OZXHM @PMHPOB~T~CEI Ha OCHOBe m V & C X H X  

~PaXTepHCTXK 061jema YFpaEJIeHXR C P d T O M  8ap8HHOrO IbBp8KTepa 
orpa~memi!. 

Mcn~JIb3yR RaHHyD BKCHOMY ,YOX.HO yTBep9r(aTb,WO D ~ M ~ O P H  R B A m -  

crr mexemam ,oTpameqmm m m x y  O ~ W K T B  B Bme Xepexop~erx 
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Accident investigation reports and their supporting data constitute a 
major portion of the information we have on how humans make errors in real 
world situations. Unfortunately, the very nature of most accidents hampers 
our search for the causes of the errors. Laboratory research tells us a lot 
about human behavior, but if it gave us all the answers we wouldn't have 
accidents to investigate. Since accident investibations are not 1 aboratory 
experiments, our methods of data collection and analysis are different, and 
our experimenters (investigators) have different skills and qualifications. 
Data gathered in laboratory experiments are affected by the research 
techniques employed and by permanent and transient environmental influences. 
The strength with which research findings can be generalized to the real 
world depends upon the limitations effected by these factors. The same can 
be said for the applicability of findings from an accident investigation. 
In this paper, I will discuss the human performance aspect of aviation 
accident investigation - -  and how investigative methods and outside 
influences can affect the content and impact of investigative findings. 

INVESTIGATIVE METHOD 

The National Transportation Safety Board (NTSB) is responsible for 
determining probable cause of every aircraft accident in the United States, 
as well as the investigation .of selected accidents in other modes of 
transportation (rail road, marine, highway, and pipe1 ine) . When responding 
to the scene of an aircraft accident, NTSB specialists with various areas of 
expertise head up investigative groups. They are joined by approved parties 
to the investigation, for instance the airplane manufacturer, the air1 ine, 
unions, airport authorities. Our Federal regulations prohibit attorneys from 
participating in our investigation. For a major accident, the investigative 
force will consist of 10-15 Safety Board investigators, serving as group 
chairmen, and over a hundred participants from outside the NTSB who 
participate as members of the investigative groups. 

The NTSB "Go Team" consists of an.--Investigator in Charge (IIC), who is 
assisted by NTSB technical speci a1 i sts with expertise in power plants, 
operational factors, aircraft systems, structures, crash survivabi 1 i ty, 
weather, and air traffic control. And in 1983 the NTSB expanded to include a 

l7he views expressed herein are the author's, and may not reflect the 
views of the National Transportation Safety Board. 



d i v i s i o n  o f  s p e c i a l i s t s  ded i ca ted  t o  i n v e s t i g a t i n g  human performance aspec ts  
o f  t r a n s p o r t a t i o n  acc iden ts .  These i n v e s t i g a t o r s  were t r u e .  p ioneers :  They 
had t o  develop t h e i r  own methods f o r  i n v e s t i g a t i n g  human per formance f a c t o r s  
because t h e r e  was no e x i s t i n g  model. The f o l l o w i n g  a re  some i s sues  t h a t  had 
t o  be addressed by NTSB, and which must be cons idered  by anyone do ing  human 
performance i n v e s t i g a t i o n  o r  ana l yz i ng  human performance da ta :  

- Who shou ld  conduct human performance i n v e s t i g a t i o n s ?  

- What f a c t s  should be c o l l e c t e d ?  What shou ld  be ignored?  

- How shou ld  human performance da ta  be analyzed? 

- What i s  t h e  r o l e  o f  human f a c t o r s  research  i n  i n v e s t i g a t i o n ?  

How we approach these i s sues  ce;tainly a f f e c t s  what we f i n d  ou t  about  
t h e  c o n t r i b u t i o n  o f  human e r r o r  t o  an acc iden t .  

Who Should Conduct Human Performance I n v e s t i g a t i o n ?  

No m a t t e r  how comprehensive t h e  i n v e s t i g a t i v e  p r o t o c o l ,  and no m a t t e r  
how s t r i c t l y  i t  i s  fo l l owed,  t h e  conduct and t h e  outcome o f  a  human 
p e r f o r m a n c e  i n v e s t i g a t i o n  depends l a r g e l y  upon who i s  do i ng  t h e  
i n v e s t i g a t i n g .  T h i s  i s  a  f a c t  o f  l i f e .  For  as l o n g  as human per.formance 
d a t a  has been c o l l e c t e d  t h e r e  have been disagreements as t o  t h e  necessary - 
qua1 i f i c a t i o n s  o f  t h e  person c o l l e c t i n g  i t  (F i gu re  1). 

H i s t o r i c a l l y ,  t h e  medica l  community was r e s p o n s i b l e  f o r  t h e  human 
r e 1  a ted  i n f o r m a t i o n  a f t e r  an acc iden t ,  because t h e  i n f o r m a t i o n  c o l  l e e t e d  
( t o x i c o l o g y ,  a1 t i  tude/pressure phenomena, autopsy r e p o r t s )  was g e n e r a l l y  
medica l  i n  na tu re .  As t h e  f ocus  on human invo lvement  i n  acc i den t  causa t i on  
evolved,  t h e  i n f o r m a t i o n  c o l l e c t e d  was broadened, and a  d i f f e r e n t  t y p e  o f  
person was r e q u i r e d  t o  c o l l e c t  i t .  

Many have argued t h a t  t h e  human performance i n v e s t i g a t o r  be an 
i n d i v i d u a l  exper ienced i n  ae ronau t i c s .  The argument p r o f f e r e d  i s  t h a t  a  
p i l o t  can be more e a s i l y  t a u g h t  p r i n c i p l e s  o f  human behav io r  t han  a  
p s y c h o l o g i s t  can. be t augh t  p r i n c i p l e s  o f  f l i g h t  ope ra t i on .  T h i s  argument has 
i t s  m e r i t s ,  b u t  i t  ignores  t h e  r i g o r o u s  behav io ra l  a n a l y t i c  p e r s p e c t i v e  t h a t  
comes f rom a  sound educa t ion  i n  t h e  behav io ra l  sc iences.  A lso,  g i ven  t h e  
s t a f f i n g  l i m i t a t i o n s  a t  a  v e r y  smal l  agency l i k e  t h e  NTSB, which examines 
human performance f a c t o r s  i n  f i v e  modes o f  t r a n s p o r t a t i o n ,  t h e  argument f o r  
p r ima ry  e x p e r t i s e  i n  aeronau t i cs ,  o r  any o t h e r  speei  f i c  mode, becomes 
unreasonable. The Sa fe t y  Board 's  exper ience may be i n s t r u c t i v e :  

When t h e  NTSB Human Performance D i v i s i o n  was formal  l y  e s t a b l  ished, i t  
was s t a f f e d  by s i x  i n v e s t i g a t o r s .  Three had Ph. D.'s, two had mas te rs  
degrees, and one had a  bache lo rs  degree, a l l  i n  psychology.  A l though  3 had 
commercial p i l o t  1 i censes,  none had commercial a i r 1  i n e  exper ience.  The 
v e r d i c t  on these  i n v e s t i g a t o r s '  s u i  t a b i l  i t y  f o r  t h e  j o b  would p robab l y .  
d i f f e r ,  depending upon who you  asked. I would ven tu re  a  guess t h a t  t h e  
i n v e s t i g a t o r s  w i t h  no a v i a t i o n  background ( I  was one o f  t h e  t h r e e )  would now 



admit ,  l o o k i n g  back, t h a t  t h e y  were a t  an i n i t i a l  disadvantage.  Some m igh t  
say t h i s  d isadvantage was never  overcome. However, most s f  t hese  
i n v e s t i g a t o r s  proved t o  be v e r y  s k i 9 9 f u I  over  ,t ime, because t hey  u t i l i z e d  
proven i n t e r v i e w i n g  and a n a l y s i s  s t r a t e g i e s  (advanced educa t ion  i n  psychology 
i s  an advantage f o r  t h i s ) ,  and made e f f e c t i v e  use o f  o u t s i d e  r ?sou rces  t o  
f i l l  i n  t h e  gaps i n  t h e i r  o p e r a t i o n a l  knowledge and exper ience.  

Present  s t a f f  i n c l udes  a  former  p ro fess i ona l  mar iner ,  former  a i r  t a x i  
and m i l i t a r y  p i l o t s ,  and fo rmer  p o l i c e  d e t e c t i v e s .  Each uses s k i l l s  and 
knowl edge gained f rom t h e i r  p r e v i o u s  occupat ions;  f o r  i ns tance ,  t h e  fo rmer  
p o l  i c e  d e t e c t i v e s  make s u b s t a n t i  a1 use o f  t h e i r  t r a i n i n g  i n  i n t e r v i e w i n g  and 
c r i m i n a l  i n v e s t i g a t i o n .  Severa l  o f  these i n v e s t i g a t o r s  a1 so h o l d  advanced 
psycho1 ogy degrees, b u t  t h e  emphasis has sw i tched  t o  more o p e r a t i o n a l l y -  
o r i e n t e d  backgrounds. 

These i n v e s t i g a t o r s  s t i l l  i n v e s t i g a t e  acc iden ts  i n  a l l  modes o f  
t r a n s p o r t a t i o n ,  so even though t h e r e  i s  more ope ra t i ona l  expe r t i se ,  i t  i s  

- be i ng  a p p l i e d  cross-modal ly .  That  has n o t  presented a  s i g n i f i c a n t  problem 
because many o f  t h e  s t r e s s o r s  a f f e c t i n g  human behav io r  a re  common t o  . a l l  
modes. For  example, r a i l r o a d s ,  commercial mar ine vessels ,  and a i r 1  i n e s  

- share comparable management-l abor r e1  a t i o n  problems, and s im i  1  a r  exper iences 
w i t h  t h e  i n t r o d u c t i o n  o f  automated " cockp i t s " ,  reduced manning, d u t y  and r e s t  
t ime  l i m i t a t i o n s ,  f a t i g u e ,  s t r e s s ,  and much more. The human performance 
i n v e s t i g a t o r  b r i n g s  more i n s i g h t  t o  each success ive acc iden t  as a p roduc t  o f  

- ,  . ,what he/she, .has l ea rned  by examining t h e  human i n  t h e  con tex t  o f  a  wide 
v a r i e t y  o f  complex systems. 

The human performance a n a l y s i s  o f  an acc i den t  must cons ider  . t h e  
u n d e r l y i n g  system causes o f  human e r r o r  i n  t h e  c o n t e x t  o f  a  ve r y  l a r g e  
system. I n  an a i r c r a f t  acc i den t ,  t h a t  c o n t e x t  i n c l udes  t h e  c o c k p i t  
environment,  crew i n f l uences ,  t h e  ou t s i de  environment,  t h e  a i r  t r a f f i c  
c o n t r o l  system, t h e  home environment,  r ecen t  1  i f e  events ,  a i  r l  i n e  management 
and r e g u l a t o r y  i n f l uences ,  as w e l l  as t he  c l a s s i c  phys i ca l  h e a l t h  i n f l uences .  
Psycho log i s t s  a re  t r a i n e d  t o  observe human behav io r  s y s t e m a t i c a l l y .  

Bu t  knowing t h e  r i g h t  ques t i ons  t o  ask i n  an i n v e s t i g a t i o n  r e q u i r e s  bo h  1 a  s o l i d  understanding o f  t h e  system perspec t i ve  i n  ana l yz i ng  human behav io r  , 
and an a p p r e c i a t i o n  f o r  t h e  s i g n i f i c a n t  system elements i n  t h e  acc iden t  under 
i n v e s t i g a t i o n .  Whi le  ae ronau t i ca l  knowl edge i s  n o t  essen t i  a1 f o r  s t udy i ng  
t h e  system aspects  a f f e c t i n g  t h e  human i n  an a i r c r a f t  acc iden t ,  one does have 
t o  know which components o f  t h e  system are  t h e  s i g n i f i c a n t  ones. Th i s  i s  
where, i n  an NTSB i n v e s t i g a t i o n ,  t h e  ou t s i de  p a r t i e s  p l a y  an i n v a l u a b l e  r o l e .  
O f ten  o t h e r  p a r t i e s  t o  an NTSB i n v e s t i g a t i o n ,  f o r  i ns tance ,  t h e  p i l o t s '  
union, t h e  a i r l i n e ,  and t h e  a i r p l a n e  manufacturer ,  supply  p a r t i c i p a n t s  t o  
Human Performance i n v e s t i g a t i o n .  These p a r t i c i p a n t s  a re  p i l o t s ,  mechanics--  
ope ra t i ng  personnel  - -  t hey  seldom possess academic t r a i n i n g  i n  human 
f a c t o r s ,  y e t  t hey  can g r e a t l y  a f f e c t .  t h e  NTSB i n v e s t i g a t o r ' s  success i n  
de te rm in i ng  and ga the r i ng  t h e  r e 1  evant t e c h n i c a l  and o p e r a t i o n a l  da ta  t h a t  

C . O .  M i l l e r ' s  chap te r  on "System Safe tyn  i n  Wiener and Nagel 's  Human 
Fac to rs  i n  A v i a t i o n  (1) descr ibes  t h i s  approach. 



def ines t h e  system i n  which t h e  humans operated. They do no t ,  however, 
p a r t i c i p a t e  i n  t h e  a n a l y s i s  o f  t h e  human performance da ta .  The NTSB i s  t h e  
independent,  n e u t r a l  i w e s t i g a t i v e  body i n  t h i s  process, atld conducts  t h e  
o n l y  o f f i . c i a 1  a n a l y s i s .  As f a r  as t h e  Sa fe t y  Board i s  concerned, t h i s  
c o n d i t i o n  i s  n o t  deba tab le  (a1 though i t  i s  debated e l  sewhere). 

Sendlng a Human Performance I n v e s t i g a t o r  t o  the Scene 

J u s t  as impo r t an t  as whom shou ld  be a  human performance i n v e s t i g a t o r  i s  
t h e  q u e s t i o n  o f  when t o  send a  human performance i n v e s t i g a t o r  t o  t h e  scene o f  
an i n v e s t i g a t i o n .  S ince i t  i s  . w e l l  accepted t h a t  about  80% o f  a l l  
t r a n s p o r t a t i o n  acc i den t s  i n v o l v e  human e r r o r ,  i t  m i g h t  be assumed t h a t  a  
Human Performance i n v e s t i g a t o r  would be p a r t  o f  t h e  Go Team on a lmost  every  
acc i den t .  T h i s  i s  n o t  t h e  case a t  t h e  NTSB, and t h e  l i m i t e d  s t a f f  resources  
do n o t  always account  f o r  t h e  o m i s s i o n ' o f  a  human i n v e s t i g a t o r  f rom t h e  team. 

It seems t h a t  t h e  Human Performance i n v e s t i g a t o r  i s  s t i l l  n o t  a  f u l l y  
accepted member o f  t h e  NTSB Go-Team. I n  some cases, t h e  I I C ,  who g e n e r a l l y  
s e l e c t s  t h e  s p e c i a l  t i e s  needed f o r  t h e  p a r t i c u l a r  i n v e s t i g a t i o n ,  does n o t  
app rec i a t e  t h e  v a l u e  o f  a  human performance i n v e s t i g a t o r  on scene, and t hus  
does n o t  r eques t  t h a t  s p e c i a l t y .  I n  some cases, t h e  I I C  o r  o t h e r  NTSB 
management f i g u r e s  choose n o t  t o  send a  human performance i n v e s t i g a t o r  t o  t h e  
scene, because t hey  t h i n k  t h e  mere a c t  o f  ass i gn i ng  a  human performance 
i n v e s t i g a t o r  w i l l  send a  message t o  t h e  o t h e r  p a r t i e s  t h a t  t h e  NTSB suspects  
a  substandard per fo rmer .  U n f o r t u n a t e l y ,  what u s u a l l y  happens i n  t h i s  ease i s  
t h a t  t h e  I I C  and t h e  Go-Team r e t u r n  f rom t h e  scene, and weeks l a t e r ,  when 
t hey  r e a l i z e  t h a t  human performance ana l ys i s  i s  e s s e n t i a l  t o  uncover ing  t h e  
u n d e r l y i n g  causes o f  t h e  human e r r o r s  which occur red  (and t hey  a re  n o t  
n e c e s s a r i l y  due t o  any substandard performance),  t h e y  r e q u e s t  t h a t  a  Human 
Performance I n v e s t i g a t o r  be ass igned t o  t h e  acc i den t .  A t  t h i s  p o i n t ,  " t h e  
t r a i l  i s  c o l d " ,  and t h e  human performance i n v e s t i g a t o r  i s  l e f t  t o  draw 
conc lus ions  w i t h  incomplete da ta .  Th is  i s  a  ma jo r  prob lem w i t h  human 
performance a c c i d e n t  i n v e s t i g a t i o n  a t  t he  NTSB, and one t h a t  can be f i x e d  
w i t h  a p p r o p r i a t e  c o n s i d e r a t i o n  o f  t h e  ma t t e r  by NTSB management and o t h e r s  i n  
t h e  a v i a t i o n  i n d u s t r y .  

What Fac ts  Should Be Co l l ec ted?  What Should Be Ignored?  

Many e x p e r t s  on acc i den t  i n v e s t i g a t i o n  recommend a  "systems a n a l y s i s "  
approach. I n  o r d e r  t o  do a  thorough systems a n a l y s i s  o f  an acc i den t ,  a  g r e a t  
dea l  o f  f a c t u a l  i n f o r m a t i o n  must be c o l l e c t e d ,  much o f  wh ich  may n o t  seem 
d i r e c t l y  r e l e v a n t  t o  t h e  acc i den t .  The NTSB does c o l l e c t  a  g r e a t  dea l  o f  
f ac tua l  i n f o r m a t i o n ,  b u t  t h e  p u b l i c  g e n e r a l l y  o n l y  sees t h e  f i n a l  " b l u e  
cover "  r e p o r t .  Few are  f a m i l i a r  w i t h  t h e  volume o f  da ta  wh ich  f i n d s  i t s  way 
o n l y  i n t o  t h e  p u b l i c  docket ,  b u t  n o t  t h e  r e p o r t .  Th i s  suggests  we d o n ' t  do a  
s t r i c t  system a n a l y s i s .  However, we a re  moving more i n  t h a t  genera l  
d i r e c t i o n ,  and t h e  p robab le  cause o f  t h e  C e r r i  t o s  m i d a i r  c o l l  i s i o n ( 2 )  
r e f l e c t s  t h a t  movement: 

'The N a t i o n a l  T r a n s p o r t a t i o n  Sa fe t y  Board determines t h a t  t h e  p robab le  
cause o f  t h e  acc iden t  was t h e  l i m i t a t i o n s  o f  t h e  a i r  t r a f f i c  c o n t r o l  
system t o  p r o v i d e  c o l l  i s i o n  p r o t e c t i o n ,  th rough  bo th  a i r  t r a f f i c  c o n t r o l  



procedures and automated redundancy. Factors contr: buting t e  the 
accident were (1) the inadvertent and unauthorized entry o f  the  PA-28 
i n t o  the Los Angelcs Terminal Control Area and (2) the  limitations sf 
the '-see and avoidr concept to ensure traffic separation under the  
c~nditions o f  the confl  ict", 

' The outline depicted i n  Figure 2 i s  paraphrased from an unpublished 
NTSB Human Performance Investigation document. These are data coll e e t i  on 
guide1 ines for our investigators. The complete guide goes i n t o  much greater 
depth as to questions to be asked about training, selectSon, and other  
subjects. The major  headings: EXPERIENCE, EQU IPHENT DESIGN, SENSORY - 
PERCEPTUAL, CREY INTERACTION, PHYSlOtOGICAL-MEDICAL, and CLINICAL, are major 
categories of factors which can influence human behavior. The l i s t s  under 
each major heading rapresent the sources for the d a t a  collected, I . e . ,  
Cockpit Voice Recording (CVR) , Logbooks, Company Records, l n t e r v i  ews w i t h  

- Fami 1 y, Friends, Coworkers, Training Personnel. N o t e  that some data sources 
provide information Tor several different factors, For instance, we use CVR - .  
data to assess Crew Interaction, but i t  may ~ l s o  be used to assess Sensory 
Factors such as workload and environment, o r  even for  evidence o f  crt t ieal 
l i f e  events, o r  stress. 

Depending on t h e  circumstances, these data or subsets thereof may be 
collected on a1 1 aircraft crewmembers, several air traffic control 1 ers and 
superr i sors, and mechanics. The invest igator  uses common sense to determine 
whether t o  go into  greater  or lesser depth o f  data col?ection about 
particular individuals. Because o f  resource 1 i m i t a t i o n s ,  fewer data are 
collected on more peripheral players in an accident. . 

O f  course a full system analysis would require a71 data on all players. 
Whether t h a t  I s  constructive I s  debatable. Dr. Walter Sipes recently 
presented a paper a t  Ohla S t a t e  (3)  i n  which he outlined the data collected 
for t h e  psychalogical profile in Air Force aircraft accident investigation. 
Ihese data included information on crewmember sib1 ings,  and ath le t ic  
performance in high school.  Data are just beginning to be computerized, and 
the Air Force has yet t o  provide convincing evidence for usefulness i n  
determination of accident causat ion (a1  though i t  may be used some t ime in the  
future for j o b  selection purposes). NTSB i n v e s t i g a t o r s  t r y  t o  get the most 
for their  effort, given the resource and time limitations they work under. 
Admittedly, i t  takes a skilled investjgator to know how far t o  go, and when 
to discontinue a particular por t ion  of an investigation. 

There rill always be fac to rs  which will be missed -- some because the 
facts are v o l a t i l e  (people forget), Same because they are impossible to 
gather (critical witnesses are deceased, or witnesses' portrayals of facts 
are colored by personal biases and the 1 i ke), and some because we still don't 
know enough about, human behavlor to have  defined all the significant factors. '. 

This l a s t  point  demonstrates why i t  i s  so difficult t o  use engineering 
or math models to analyze human error. Yhile some systems analytic 
engineering approaches can be he1 pful , they often can't accommodate .the full 
range o f  those uniquely human behaviors t h a t  constitute the reason why we 
s t i l l  want a t  least two p i l o t s  i n  an a i r c r a f t .  



ENVIRONMENTAL INFLUENCES ON INVESTIGATION - SOME "STICKY ISSUES" 

The issues listed Figure. 3 are examples of some of the major 
factors' which make it di fficu.1 t to s t ~ d y  human factors in aircraft accidents. 
To adequately discuss each issue would require a symposium dedicated t o  
actident investigation. I will only briefly introduce them here. 

1. THE POLICY FACTOR 

Gerry Bruggink ( 4 ) ,  in 1985, published the first of several articles 
emphasizing the importance of management pol icy-making: 

" A  policy factor becomes an inherent part of the causal mechanism when 
top management o f  manufacturers, air carriers, professional 
organizations, airports, or regulatory agencies he1 pfd set the stage for 
the accident by ignoring the lessons from predictive incidents and 
similar accidents in the past, or by tolerating unwarranted compromises 
for reasons of self-image, economy, or ineptness." 

Bruggink goes on to say that policy factors have not gained sufficient 
recognition because our mandate to determine cause is interpreted to mean the 
spellingtout of accountability, rather than the preventability, of accidents. 
As Bruggink admits, the NTSB has identified policy factors, in its reports, 
but they have not often found their way into the probable cause. They were 
cited in the Cerritos probable cause and will surely be cited more in the 
future. The policy factor is getting more visibility.. Still, it is hard to 
document, and it is even harder to get full Board agreement on assigning 
causal weight to these factors. Bruggink and many others believe a top-down 
approach would be more effective in preventing errors. What we need is top 
down agreement with this approach from industry and government. 

2. ALCOHOL AND DRUGS 

Alcohol and drug involvement in transportation accidents is a frequent 
subject in the news these days and new regulations will mandate more dkug 
testing, giving us more data than we've ev'er had before. The problem is 
knowing what, to do with the data once we have it. Laboratory research gives 
us a pretty good picture of the effects of various levels of alcohol 
intoxication on human perceptual and motor skills. What we don't often know 
for sure is whether the perceptual or motor deficits are causal to an 
accident. 

Positive drug findings present greater difficulties than alcohol for 
analysis. At this time, there is very little data associating performance 
deficits with blood levels of illegal drugs. Most existing research describes 
performance in terms of amounts of drug ingested - -  we are unlikely to 
discover this information in an accident investigation. 

The 1988 Trans Colorado Airlines accident in Denver (5) was the first in 
which drugs were found to be a factor in a commercial passenger airline 
accident. A blood sample from the captain of that airline showed 22 ng/ml of  



t h e  p r i n c i p l e  metabolite s f  cocaine, and a u r i n e  sample showed 22  n$/ml of  
cocaine. Other evidence col l ecied during the investigation, and other 
knowledge about t h e  metabolism and effects o f  cocaine gave us some addi t iona l  
information.on which to base a conclusicn about t h e  probable 4ffects of t h e  
cocaine relatjve to the accident: Reports o f  t h e  capta in 's  drug use 
indicated t h a t  he was no t  a novice user, That i n f o m a t f o n  helped the 
p a t h o l o g i s t s  determine t h a t  the capta in  had ingested the drug at least BO 
hours before t h e  accident, most likely fn the period 12 t o  18 hours before 
(that finding matched witness testimony t h a t  the captain and h i s  girlfriend 
had "done a baga the night  before the accident]. 

No research could tell u5 t h e  performance e f f e c t  of  a s p e c i f i c  amount o f  
cocaine m e t a b o l i t e  resulting from an unspecified amount o f  cocaine ingested 
an uncertain amount o f  time previous to the accident. The Safety Board 
decided that the c a p t a i n  was probably fatigued because the cocaine, which has 
a stirriulant e f f e c t ,  had interfered with his sleep, The Probable Cause 
s ta tement  1 isted " the  degradation o f  t h e  captain's performance resu l t ing  From 
h i s  use of cocaine before the accident" as contributory. 

As alcohol and drug use become more and more prominent i n  the news, 
another problem presents i t s e l f .  Somet imes  the distinction between bl ame and 
cause becomes obscured. Surely a person i s  "wrong" to use an S f  legal drug, 
and a drug user may be blamed for the accident by media, t h e  pub1 i c ,  and 
sometimes even accident investigators. But presently we cannot, for t h e  most 
p a r t ,  reliably assoc ia te  positive drug results w i t h  accident causation. We 
look to t h e  research community to a i d  us i n  the future. 

3 .  FATIGUE 

Most  of us here would agree t h a t  fat igue is a s i g n i f i c a n t  factor 
af fec t ing  human performance. But we have yet t o  determine f a t igue  to be 
causa l  in a major air carrier accident. Th is  i s  probably n o t  because there 
have been no fat igue related accidents. A more plausible exp lanat ion  i s  t h a t  
we have d i f f i c u l t y  documenting f a t i g u e  outside o f  the 1 aboratory. Post-hoc 
self-report i s  not the most d e s i r a b l e  evidence o f  f a t i g u e ,  and o f t e n  in a 
major accident wi th  crew fatalittes, we don't even have t h i s  much 
informat ion.  

In 1985, a China A i r l i n e s  Boeinq 747 en route from TaipeS to 10s Angeles 
suffered an upset i n  flight(6). During an attempt t o  recover and restore 
normal power t o  one of  the four engines, t h e  airplane rolled to t h e  r i g h t ,  
nosed over, and entered an uncantroll able  descent. The c a p t a i n  was on ly  able 
t o  restore t h e  airplane to stable f l i g h t  after. i t  had descended from 41,000 
feet t o  9,500 feet, a descent which took 112 seconds, i n  which the aircraft 
p u l l e d  more t h a n  5 g ' s .  

The flight, which left Taiwan at 1622 local tSme, was due t o  ar r ive  a t  
los Rngeles a t  0322 local Taiwan t ime the folluwing morning. According to 
the  captain, he had gone to sleep f a i r l y  consistently a t  around 2100 to 2200 
local Taiwan time for s i x  nights prior t o  the acc ident .  A s  a result, the  
i n c i d e n t  occurred some four to  f ive  hours after the t ime t h a t  he had been 





researchers will gain access anytime in the near future. On the other hand, 
if t h e r e  i s  a successful campaign t o  put CVR tapes in t h e  public domain, a 
popula t ion  uneducated about a v i a t i o n  operations w l f l  have a wealth af data  i t  
has no way. to properly interpret. This  type o f  m i  sinterpretatron by t h e  lay  
publ i c  wreaks havoc for the o f f i c i a l  invest igat ion,  Should/can the CYR be 
used by researchers? It's a sticky issue! 

5. PRIVACY, LIABILITY, OBSTACLES TO INVESTIGATION 

The NTSB does not determine legal 7 i n b i l  i ty ,  and in f a c t ,  t h e  NTSB f i n a l  
report may not be used as evidence i n  c i v i l  court proceedings. This 
s i t u a t i o n  does not really present much o f  an obstacle t o  lawyers involved i n  
c i v i l  s u i t s ;  at torneys regularly use FlTSB factual reports and depose NTSB 
Investigators for  factua l  information, a1 though they cannot make use o f  any 
NTSB analysis ,  wr i t ten  or oral, f o r  evidence. Realistically, the  data  
collected by the NTSB for an accident investigation i s  used extensively for 
liability determina t ion ,  and this  fact o f  1 i f e  has a s ign i f i can t  impact on 
our ability to i n v e s t i g a t e  a l l  t h e  relevant f a c t s .  All data collected by 
NTSB i n v e s t i g a t o r s ,  including t h e i r  factual reports, but excluding their  
expert analytic reports, are placed in a public docket, and are open t o  
publ i c  scrutiny. Additional7y, the FAA c e r t i f i c a t i o n  branch typically 
conducts a parallel investigation during the NTSB investigation o f  an 
accident, i n  which they at tempt t o  determine if certification action a g a i n s t  
thq p i l o t  or airline i s  warranted. Not  surprisingly, t h e  NTSB can run i n t o  
d i  f f  i c u ?  t i e s  g e t t j n g  t h e  in format ion  needed because o f  various roadblocks, 
some set  up by the very organizations which stressed the need f o r  us t o  delve  
more deeply into the underlying causes o f  "p i lo t  error", 

In 1985, t h e  director of the Air Line P i 1  ot Assoc ia t ion 's  (ALPA) legal  
department wrote an article for A i r  Line Pi lot  Magazine (8) instructing 
p i l o t s  t o  avo id  g iv ing  statements t o  t h e  NTSB or FAA immediately a f t e r  an 
acc ident ,  and t o  g ive  no statements u n t i l  the pilot i s  recovered from the  
shock, and has  reviewed the detafls o f  t h e  event " i n  a thoughtful  way", and 
sought competent advice and aid. He states,  "Un\ess served w i t h  a subpoena, 
the p i l o t  i s  under no l e g a l  obt igat ion t o  make a statement t o  any government 
o f f i c i a l .  Therefore, a1 though cooperation wi th  the investigators i s  usually 
apprapr i  a t e ,  taking the above mentioned precautions first make good sense. " 
T h i s  feel ing was reinforced by Henry Duffy, president o f  ALPA, in the October 
1989 issue of Air Line P i l o t ,  who indicated t h a t  'until pi lo t s  recover and 
regain composure so they can offer  rational answers t a  NTSB or other 
authorities" ..., they w i l l  g i v e  "erroneous answers." T h i s  statement fa l lowed 
t h e  onscene fnvest igat ian o f  USAIR's Fl i gh t  5050, a Baeing 737 which overran 
the runway during an aborted t a k e o f f  a t  LaGuardia airport. The p i l o t s  were 
not  available to NTSB i n v e s t i g a t o r s  u n t i l  more than 36 hours after the 
accident. 

The unavoidable legal i rsues, a1 though supposedly separate from NTSB' r 
investigation, certainly obstruct our investigation. Even discounting the 
1 ega! concerns, personal pri vacy i 5 i n e v i  tab1 y breached i n  an acci dent 
investigation. We rill always delve t o o  deeply into  people" personal 
historte3 i n  the minds o f  sme, and t o o  shallowly i n  t h e  minds o f  others. 
Those who think we go t o o  f a r  have sometimes used the term '"psychological 



autopsy". In fact., the NTSB doesn't do those; they don't really serve its 
purpose. In the real w.or'ld, everyone comes to work with "pelrsonal baggage" 
of some sort. Systems must be designed to tolerate a reasonable amount o f  
individual .variation, even if jt .is due to a transitory emotional state or 
stress. Systems may not be expected to tolerate extreme variations, but then 
these are not so hard to uncover (we should not have to resort t o  a 
"psycho1 ogi cal autopsyn to discover them). 

SUMMARY 

It should be clear from the ratio of questions I've asked to answers 
I've given that human factors accident investigation is still evolving; so 
is our understanding of the fundamentals of human behavior. 

One thing we can do to improve our understanding of human error is P o  
strengthen the tie between research and investigation findings. Human 
factors research provides many of the analytic tools we need to properly 
analyze the information we collect, and to formulate the probable causes o f  
accidents. We need additional research to improve our analyses. In turn, 
data from our investigations can provide useful input for research. 
Researchers working on fundamentals of cockpit communications and resource 
management* have made extensive use of CVR transcripts (9,10,11) and other 
investigative data. And NASA Aviation Safety Reporting System (ASRS) 
research reports have provided useful data for accident investigation 
analysis (12). Other data from our accident investigations haven't yet been 
tapped by the research community - -  some because it isn't available to this 
group, and some because the investigative and the research communities have 
not had as close a working relationship as they should. This is difficult to 
accomplish; resources on both sides are limited. But we have seen progress. 

Accident investigation contributes significantly to our knowledge about 
human error. Recommendations resulting from NTSB investigations he1 p to 
decrease or positively manage human error. If we improve our investigative 
and analytic methods by addressing the issues presented here, we can go a 
long way in better managing human error. Because the information gained by 
good human performance investigation can be so valuable in preventing further 
accidents, the aviation community should be giving as much weight to the 
development of better accident investigative and analytic techniques as it 
does to workplace design and human factors training. 
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F igure .  1 

WHO SHOULD CONDUCT HUMAN PERFORMANCE INVESTIGATION? 

o AERONAUTICAL KNOWLEDGE vs. ACADEMIC BACKGROUND 

o ,EXPERIENCE EXAMINING HUMANS OPERATING I N  COMPLEX SYSTEMS 

o EXPERIENCE ON THE JOB 

o OUTSIDE EXPERTS 



F i g u r e  2 

DATA COLLECTED 

LOGBOOKS 
COMPANY RECORDS 
PERSONAL RECORDS, CERTIFICATES,  LICENSES 
INTERVIEW COMPANY TRAIN ING PERSONNEL, FELLOW OPERATORS, 
INTERVIEW FREQUENT PASSENGERS 

EQUIPMENT DESIGN FACTORS - WORKSPACE, DISPLAY-CONTROL, WORKLOAD 

DISPLAY/CONTROL LAYOUT 
MANUFACTURER DRAWINGS - HUMAN FACTORS DESIGN PHILOSOPHY 
COMPANY MAINTENANCE RECORDS, BOOKS, LOGBOOKS 
SIMULATOR TRAIN ING SYSTEMS 

SENSORY/PERCEPTUAL FACTORS - LIGHT,  SOUND, VIBRATION, WEATHER, WORKLOAD 

NATIONAL WEATHER SERVICE OBSERVATIONS 
COMPANY RECORDS, PRE-FLIGHT BRIEFS 
ATC REPORTS / PIREPS 
LOGBOOKS 
SIMULATOR TRAIN ING SYSTEM RECORDS 

CREW INTERACTION FACTORS - AGE, EXPERIENCE, PERSONALITY, COMMUNICATION STYLE 

FAA CERTIFICATES 
COMPANY AND PERSONAL RECORDS, LICENSES, LOGBOOKS 
INTERVIEW FELLOW CREWMEMBERS, INSTRUCTORS 
SIMULATOR T R A I N I N G  SYSTEM RECORDS 
OPERATOR MANUALS 
CVR 

PHYSIOLOGICAL AND MEDICAL FACTORS - HEALTH, MEDICAL HISTORY, REST, DRUGS 

MEDICAL CERTIF ICATION RECORDS 
PRIVATE PHYSIC IAN RECORDS 
POST-MORTEM EXAMINATION 
TOXICOLOGICAL ANALYSIS 
INTERVIEW AME, PRIVATE PHYSICIAN,  FAMILY, FRIENDS 

C L I N I C A L  FACTORS - JOB S T A B I L I T Y ,  L I F E  .HABITS AND RECENT EVENTS, 

INTERVIEW FAMILY, SUPERVISORS, COLLEAGUES, NEIGHBORS, FRIENDS 
CVR 



F i g u r e  3 

STICKY ISSUES 

o THE POLICY FACTOR 

o ALCOHOL AND DRUGS 

o FATIGUE 

o CVR 

o PRIVACY, PSYCHOLOGICAL AUTOPSY . 
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O t t a w a ,  O n t a r i o  

S A F E T Y  A W A R E N E S S  TRAINING I N  CANADA 

ONE GOVERNMENT'S APPROACH 

The A v i a t i o n  Safety Programs B,ranch . o f  T r a n s p o r t  Canada h a s  t h e  
m a n d a t e  t o  raise t h e  level of  safety awareness i n  C a n a d i a n  
a v i a t i o n  a n d  e n c o u r a g e  safe o p e r a t i n g  practices. T h i s  r e q u i r e s  
t h a t  o u r  programs s u p p o r t  t h e  e f f o r t s  of t h e  regulatory programs, 
such a s  company a u d i t s  a n d  survelllanee, w h i l e .  a t  t h e  same time, 
m a i n t a i n i n g  a relationship w i t h  t h e  aviation co m m u n i t y  which 
allow f a r  t h e  e f f e c t i v e  d e l i v e r y  o f  such ed u c a t i o n a l  programs,  

I n  e s t a b l i s h i n g  t h i s  mandate for t h e  Branch it was imparrant t o  
a s s e s s  t h e  p r i o r i t i e s  of t h e  s a f e t y  awareness program within t h e  
overall c o n t e x t  ai Departmental responsibilities a n d  obligations. 
F i r s t .  w e  h a d  t o  e s t a b l i s h  t h e  government's ma n d a t e  under t h e  law 
a n d  i d e n t i f y  what requirement i t  h a d  in delivering various 
programs. As well. som e  basic philosophical q u e s t i o n s  had t o  be 
answered .  For ex a m p l e .  is a n y  government responsible f o r  
e v e r y t h i n g  t h a t  h a p p e n s  i n  a v i a t i o n .  b e  I t  good o r  b a d .  or do a l l  
participants invalved h a v e  a s t a k e  in supporting and paying f o r  
certain a s p e c t s  such a s  s a f e t y  awareness programs? T o  what extent 
s h o u l d  a safety program command l i m i t e d  r e s o u r c e s ?  

M A N D A T E  OF THE DEPARTMENT OF TRANSPORT OF CANADA 

The m a n d a t e  o f  t h e  C a n a d i a n  Department o f  Transport. c o m m o n l y  
known a s  Transport C a n a d a .  i s  p r o b a b l y  not unlike t h a t  of m o s t  
o t h e r  countries. T h e  Canadian Aeronautics A c t  s t a t e s  that, "the 

. M i n i s t e r  Is responsible f o r  t h e  d e v e l o p m e n t  a n d  r e g u l a t i o n  of  
a e r o n a u t i c s  a n d  the supervision of m a t t e r s  connected with 
a e r o n a u t i c s . "  T h e  A c t  h a s  r e c e n t l y  been rewritten to emphasize 
t h e  r e q u i r e m e n t  f o r  t h e  M i n i s t e r  t o  " c o n t r o l "  a e r o n a u t i c s .  

T h e  emphasis on " c o n t r o l "  s u g g e s t s  t h a t  we s h o u l d  be developing 
o n l y  t h o s e  p r o g r a m s  d e s i g n e d  t o  exercise t h e  c o n t r o l  required 
ove r  t h e  i n d u s t r y  a n d  r e d u c e  e x p e n d i t u r e  a n  t h o s e  programs which 
t e n d  only t o  i n f l u e n c e .  C e r t a i n l y ,  i t  is far  easier t o  justify 
t h o s e  programs w h i c h  r e s u l t  in t h e  d e l i v e r y  o f  navigation aids or 
personnel licences t h a n  i t  is t h e  safety education program which 
a l w a y s  seems t o  h a v e  great d i f f i c u l t y  I n  p r ovfding e m p i r i c a l  d a t a  
i n  s u p p o r t  o f  i t s  own u t i l i t y .  

The s e t t i n g  o f  r e g u l a t o r y  s t a n d a r d s  a n d  t h e  enforcement  of t h o s e  
s t a n d a r d s  forms a major  p a r t  of t h e  C a n a d I a n  government's 
a p p r o a c h  t o  e n s u r j n g  a s a f e  a i r  t r a n s p o r t a t i o n  s y s t e m .  However. 
a t  t h e  s a m e  t i m e  Canada h a s  recognized t h e  effectiveness o f  
e d u c a t i o n a l  programs i n  d e a l i n g  w i t h  t h e  Human F a c t o r .  



H a v i n g  d e c i d e d  t o  d e v e l o p  a n  a p p r o a c h  t o  safety education. it was 
t h e n  n e c e s s a r y  t o  embrace a safety p h i l o s o p h y  upon which t h e  
program . c o u l d  be b u i l t .  T h i s  p h i l o s o p h y  went beyond the u s u a l  
"mission" s t a t e m e n t  and t r i e d  t o  establish a f r a m e w o r k  within 
which analysis and educational programs c o u l d  be d e v e l o p e d .  More 
than a s a f e t y  p h i l o s o p h y ,  we actually developed a n u m b e r  of 
assumptions t o  form t h e  foundation f o r  o u r  program.  

C u r r e n t  s a f e t y  philosophy within t h e  Aviation S a f e t y  Programs 
Branch is based a n  t h e  concept t h a t  n o t  a l l  f a c t o r s  w h i c h  come 
t o g e t h e r  t o  c a u s e  a n  occurrence can be e l i m i n a t e d  b y  r egulations 
a n d  regulatory a c t i o n  a l a n e .  And,  of c o u r s e ,  i n  t h i s  regard  we 
a r e  t h i n k i n g  p a r t i c u 1 , a r l y  a b o u t  t h e  Human F a c t o r .  

The Canadian s a f e t y  education program is b a s e d  on t h e  following 
p r e m i s e s :  

( a 1  P r e v e n t i v e  a c t i o n  c a n  a n l y  be e f f e c t i v e  when t h e  root 
c a u s e  o f  t h e  p r a b l e m  is know'n 'and 'understood. 

I b )  H i s t o r i c a l l y ,  w e  h a v e  w a s t e d  much t i m e ,  e f f a r t  a n d  
' resourceLs d e v e l o p i n g  solutions for- t h e  e f f e c t  a n d  n o t  t h e  

c a u s e .  ( 1 . e .  A .pilot d-eparts  w i t h  ice-contaminated wings and 
t h e  r e s u l t i n g  loss of p e r f o r m a n c e  c a u s e s  t h e  aircraft to 

' c r a s h .  Is t h e  " c a u s e "  o f  t h e  accident t h e  eontamlnation'on 
t h e  wing or t h e  pilot's f a u l t y  judeernent in thinking t h a t  
c o n d i t i o n s  were  such t o  allow s a f e  f l i g h t ?  A l t h o u g h  b o t h  
c o n ' d i t i o n s  were 'necessary t o  cause t h e  accident, ~ r i e  o f  
t h e s e  c o n d i t i o n s  is t h e  root cause.') 

( e l  Human f a c t o r  1 s  t h e  n u m b e r  o n e  cause of  a c c i d e n t s  in t h e  
world t o d a y  and i s  t h e  o n l y  r e m a i n i n g  a r e a  i n  which major 
gains m a y  b e  made in accident r e d u c t i o n .  

( d l  W e  a r e  a l l  r e s p o n s i b l e  f o r  our own s a f e t y .  t o  t h e  e x t e n t  
t h a t  we a r e  c o n s c i o u s  of t h e  risk. 

( e l  W i t h i n  an  o r g a n i z a t i o n ,  t h e  l e a d e r  I s  r e s p o n s i b l e '  f o r  
setting t h e  s t a n d a r d  o f  safety. ( A  key t o  o u r  p h i l o s o p h y  is 
t h a t  t h e  l e a d e p ' s  u l t i m a t e  r e s p o n s l b i l i t y < f o r  s y s t e m  s a f e t y  
cannot be delegated.) 

Once t h e  d e c i s i o n  w a s  made to deve - lop  s o m e  f o r m  o f  s a f e t y  
e d u c a t i o n  p r o g r a m  t h e  structure o f  Transport Canada's 
o r g a n i z a t i o n  was e v e n t u a l l y  m o d i f i e d  t o  allow t h e  v a r i o u s  
p r o g r a m s  to I n t e r a c t .  P r l a a r y  c o n s i d e r a t i o n s  were t h e  t h e  problem 
a r e a s  i d e n t i f i e d  a n d  t h e  d e m o g r a p h J c s  o f  t h e  a v i a t i o n  c o m m u n i t y  
w h i c h  n eeds t o  be  s e r v e d ,  

C A N A D I A N  S T R U C T U R E  

The Ca n a d i a n  g o v e r n m e n t ' s  a v i a t i o n  program is d i v i d e d  i n t o  three  
m a i n  a r e a s  o f  r e s p o n s i b i l i t y .  



A i r  N a v i g a t i o n  S y s t e m s  - P r o v i d e s  t h e  " w a y "  t h r o u g h  Air 
Traffic Control, navigational facilities a n d  t h e  d e v e l o p m e n t  
of .navigation p r o c e d u r e s .  ( a b o u t  6000 people)' 

A v i a t i o n  Regulatfon - Provides t h e  control of t h e  a v i a t i o n  
s y s t e m  t h r o u g h  avlation licensing. airworthiness. r e g u l a t o r y  
e n f o r c e m e n t ,  certification and legislation development. 
( a b o u t  1000 p e o p l e )  

Aviation Safety Programs - Provides safety a w a r e n e s s  
t r a i n i n g  and develops safety e d u c a t i o n  programs as well a s  
analyzing t h e  problem areas in a v i a t l ' o n .  [ a b o u t  5 0  p e o p l e )  

The t h r e e  organizations (no .matter how b i g  or small) are 
structured In s u c h  a way t h a t , t h e  h e a d  o f  e a c h  r e p o r t s  t o  t h e  t o p  
{ l e a d e r )  aviation person within the g r o u p .  T h i s  g i v e s  t h e  safety 
organization a d d e d  v l s i b - f l i t y  and increased i n p u t  withln t h e  
organization. I t  a l s o  provides t h e  l e a d e r  w i t h  independent safety 
a d v i c e .  I f  n e e d e d .  

WHERE A R E  THE SAFETY PROBLEMS? 

I m e n t i b n e d  t h a t  one of t h e  first things to b e  done  is t o  
i d e n t i f y  t h e  p r o b l e m .  That Is an ongoing  c o n c e r n  o f  most s a f e t y  
organizations. T h e  s e a r c h  for u s e f u l  and v a l i d  I n d i c a t o r s  of t h e  
l e v e l  o f  s a f e t y  g o e s  on as  we s p e a k .  W e  d e v i s e d  what we believe 
t o  b e  a v e r y  u s e f u l  a n d  e f f e c t i v e  system f o r  our u s e .  

The Sy s t e m  A naJysls and Functional Evaluation (SAFE) Program 
allows a n a l y s i s  o f  t h e  results of investigations conducted by t h e  
C a n a d i a n  Aviation S a f e t y  Board and , i n  - t h e  case of A i r  T r a , f f i c  
S e r v i c e s  operating irregularities, Transport Canada t o  determine  
t h e  r o o t  c a u s e  of o c c u r r e n c e s .  Or, more c o r r e c t l y ,  the  program 
allows u s  t o  i d e n t i f y  t h o s e  factors w h i c h  came t o g e t h e r  t o  c a u s e  
t h e  o c c u r r e n c e ,  

T h e  s y s t e m  d e f i c i e n c i e s  a r e  c a t e g o r i z e d  under  t h e  m a i n  R e a d i n g s  
o f  personnel,, ma'chine ,  e n v i r o n m e n t .  management a n d  regulatory 
au t h o r i t y  w i t h  a nuaber  of s u b - s y s t e m s  a n d ~ c a m p o n e n t s  b e i n g  u s e d  
t o  f u r t h e r  detail t h e  specifics of t h e  p r o b l e m .  T h e  analysis 
t e c h n i q u e  c a n  a l s o  b e  a p p l i e d  t o  other f o r m s  of i n p u t  s u c h a s  a i r  
c a r r i e r  a u d i t s  r e p o r t s ,  e n f o r c e m e n t  a c t i o n  r e s u l t s  and coroner's 
r e p o r t s .  The l a r g e s t  n u m b e r  of factors in our s y s t e m  d e a l  with 
t h e  Human F a c t o r .  

T o  t h e  b e s t  of  m y  k nowledge t h i ;  i s  t h e  one of t h e  o n l y  a n a l y s i s  
systems being used t o d a y  w h i c h  p r o v i d e s  a d i r e c t  link between t h e  
d e f i c i e n c i e s  i d e n t i f i e d  following a n  occurrence a n d  t h e  component .  
o f  t h e  aviation sys tem w h l c e  f a i l e d .  A s  w e l l ,  from o u r . p o i n t  o f  
v i e w .  I t  Is t h e  o n l y  s y s t e m  w h l c h  allows f o r  t h e  q e v e l o p m e n t  of 
p r e v e n t i v e  programs which address t h e  root cause  of acc i d e n t s .  

In o u r  a n a l y s i s  o f  o v e r  2 8 0 0  a c c i d e n t  r e p o r t , s  over  t h e  p a s t  f o u r  



y e a r s  we h a v e  c o n f i r m e d  t h a t ,  a s  w e  a l l  k n o w ,  a b o u t  70% o f  a11 
,factors involved i n  an occurrence , a r e  t h e  result of human 
failure.. /69.6% t o  be e x a c t ) .  

The S A F E  a n a l y s i s  s a y s  t h a t  70% of a l l  factors a r e  h u m a n  
f a i l u r e s .  This includes 21% which a r e  p i l o t  judgement and a n o t h e r  
18% which a r e  p i l o t  t e c h n i q u e .  .This  I s  n o t  t o o  astonishing since 
T h e  p i l o t  is t h e  one  human who influences e v e n t s  t h r o u g h o u t  t h e  
h i s t o r y  o f  a n y  f l i g h t .  H o w e v e r ,  t h e  r e s u l t s  do highlight where 
programs c a n  be developed to correct the ma j o r  p r o b l e m s .  

P R O G R A M  F O C U S  

Both o f  these f a c t o r s .  judgement a n d  t e c h n i q u e .  a r e  m o s t  
difficult t o  r e g u l a t e  a n d  don't l e n d  t h e m s e l v e s  to m o r e  
a g g r e s s i v e  enforcement action, T h e  s imple f a c t  i s  t h a t  putting a n  

. enforcement specialist In e v e r y  c o c k p i t  or  f l i g h t  d e c k .  o r  at 
e v e r y  a i r p o r t  2 4  h o u r s  p e r  d a y  is e x t r e m e l y  l a b o u r  intensive. 

I n  t h e  a r e a  o f  p i l o t  technique i t  may be  p o s s I b I e  t o  s e t  h i g h e r  
s t a n d a r d s  o f  p e r f o r m a n c e  and d e v e l o p  t o u g h e r  licensing 
r e q u i r e m e n t s  b u t  i-n th-e a r e a  o f  judgement o r  d e c i s i o n  m a k i n g ,  
d e v i s i n g  a s u i t a b l e  r e g u l a t i o n  t o  r e q u i r e  c o r r e c t  responses t o  
v a r i o u s  situations is n o t  possible. 

To t h i s  e n d .  o u r  a v i a t i o n  s a f e t y  program has b e e n -  d i r e c t e d  
towards n u n - r e g u l a t o r y  safety a c t i o n ,  The program emphasizes the 
a d v a n t a g e s  of operating w i t h i n  t h e  r u l e s  and encourages 
p a r t i c i p a t i o n  in s a f e t y  management programs. 

C A N A D I A N  D E M O G R A P H I C S  

I a l s o  m e n t i o n e d  t h a t  a n y  s a f e t y  e d u c a t i o n  program m u s t  e o nsides 
t h e  d e m o g r a p h i c s  o f  the a v i a t i o n  I n d u s t r y  it is trying t o  serve. 
F o e  e x a m p l e ,  C a n a d a  Is a w i d e l y  d i v e r s e  c o u n t r y  w i t h  90% o f  I t s  
p o p u l a t i o n  l i v i n g  within 90 miles  of t h e  Canada-US border. This 
r i b b o n  o f  c i v i l i z a t i o n  Is well s e r v e d  by n a v i g a t i o n  f a c i l i t i e s ,  
a i r p o r t s  and f i r s t  l e v e l  a i r  c a r r i e r s  , s u c h  a s  Air Canada and 
C a n a d i a n  Airlines I n t e r n a t i o n a l .  T h e s e  c a r r i e r s  a r e  c h a r a c t e r i z e d  
b y  well-developed maintenance o r ~ a n i z a t i o n s ,  excellent training 
fa c i l i t i e s  a n d  a company s a f e t y  management p r o g r a m .  . T h e y  a l s o  
have  a c o r r e s p o n d i n g  e x cellent safety r e c o r d .  

The a c c i d e n t  r a t e  for C a n a d i a n  f i r s t  l e v e l  c a r r i e r s  o v e r  t h e  p a s t  
Y e a r s  h a s  r e m a i n e d  at a consistent low l e v e l  for a n u m b e r  of 
yea r s .  

H o w e v e r ,  C a n a d a  i s  a l a r g e  c o u n t r y  w i t h  d i v e r s e  f l y i n g  c o n d i t i o n s  
a n d  t h e  r a j o r l t y  of our f l y f n g  falls outside of the  l a r g e .  air 
c a r r i e r s .  O f  the 6 0 . 0 6 8  l i c e n s e s  i n  force d n  t h e  c o u n t r y  a s  o f  
October 1 ,  1 9 8 9 .  19,966 a r e  c o m m e r c i a l ,  senior cornrnereial Or 
a i r l i n e  t r a n s p o r t  p i l o t  l i cences w h i l e  t h e  r e m a i n d e r  a r e  p r i v a t e .  



glider. gyroplane or free balloon licences. Of the  commercial 
p i l o t s ,  t h e  majority are  h i r e d  by small operators and fly on 
charter and norther'n operations. 

I should p o i n t  out that most o f  our regulatory resources withln 
t h e  government are directed towards t h e  large air carriers. S i n c e  
t h e y  c a r r y  about 90% of t h e  passengers in Canada they represent  
t h e  l a r g e s t  number o f  people a t  risk. 

However.  j u s t  a few m i l e s  n o r t h  o f  where I live in Ottawa, one  
enters what we euphemistically c a l l  t h e  "sparsely-settled 
r e g i o n " .  T h e  aviation p i c t u r e  changes ' dramatically and the 
requirements and pressures change accordingly. T h e  airports are 
n o t  s e r v e d  w i t h  t h e  l a t e s t  In. a p p r o a c h  aids, are not as w e l l  
m aintained a n d ,  in m o s t  c a s e s ,  d o  n o t  have b a r d  s u r f a c e s .  The 
navigation a i d s  a r e  fewer a n d  f urther apart and usualJy are 
o l d e r .  There I s  a great reliance on t h e  Non-Directional Beacon 
( N B B )  as o p p o s e d  t o  t h e  V e r y  High Frequency Omni-Directional 
Radio ( Y O R ) .  

B u t  t h e  biggest differences are t h e  p i l o t s  and t h e  companies for 
which they f l y .  

W e  h a v e  j u s t  entered " b u s h  p i l o t "  c o u n t r y .  The aircraft a r e  
o l d e r ,  t h e  pilots younger and l e s s  experienced and the companies 
struggling, in some e a s e s .  t o .  s u r v i v e  e c o n o m i c a . l l y .  There a r e  
t o t a l l y  different pressures on these operators than those which 
exist " d o w n  south". Young pilots trying t o  build u p  flying hours 
to allow t h e m  t o  move on t o  bigger and more modern equipment a r e  
f l y i n g  t r i p s  w h i c h  may literally ensure or n e g a t e  t h e  companies 
p r o f i t  margin for t h e  week. Mission accomplishment takbs on a 
w h o l e  different m e a n i n g  when t h e  o n l y  mode o f  t ransprrr ta t io 'n  fs 
by aircraft a n d  each paging customer b e c o m e s  v i t a l  t o  t h e  
e c o n o m i c  s t a b i l i t y  o f  t h e  c o m p a n y .  

T h e r e  i s  a l s o  a mystique about t h e  "bush p i l o t "  b a s e d ,  t o  a great 
e x t e n t ,  on t h e  h i s t o r i c a l  traditions and perceived glamour o f  t h e  
t r a d e .  The macho ,  independent, " i t  c a n ' t  h a p p e n  t o  me" p i l o t  i s  
e n c o u r a g e d  a n d  t h r i v e s  o n  l i f e  i n  t h e  b u s h . .  

O f  aore i m p o r t a n c e  t o  o u r  safety programs is t h e  f a c t  t h a t  many 
bush operations are not large enough t o  support a s a f e t y  
management program e v e n  I S  we can convince them that such a 
pragram i s  essential t o  safe flight. 

Therefore, t h e r e  s h o u l d  b e  no skrprlse t h a t  we t r y  t o  direct o u r  
safety awareness programs towards  t h e s e  operators. 

THE TARGET A U D I E N C E  

Our t a r g e t  a u d i e n c e ,  t h e n ,  h a s  been i d e n t i f i e d  a s  t h e  l e v e l  2 and 
level 3 c a r r i e r s  as well a s  .general aviation. It is in this 
sector of t h e  i n d u s t r y  t h a t  aore problems e x i s t ,  t h e  p e o p l e  
i n v o l v e d  h a v e  less i n f r a s t r u c t u r e  with w h i c h  t o  d e v e l o p  t h e i r  own 



p r o g r a m s  and t h e  o p erating c o n d i t i o n s  are l e s s  r e g u l a t e d .  ~t i s  
also i n  t h i s  segment o f  t h e  c o m m u n i t y  where t h e  greatest sa f e t y  
gains may be made. 

G e n e r a l l y .  in t h e  context of  g o v e r n m e n t a l  resource constraints we 
h a v e  t o  d e v e l o p  m o r e . e f f e c t i v e  p e o g r a m s  which will reach a wider 
,audience and will mo t i v a t e  that audience in a shorter p e r i o d  o f  
t i m e .  Company representatives can not a t t e n d  l o n g  c o u r s e s  o r  
seminars. neither can  t h e  government continue t o  p r o v i d e  t h e  
number of separate courses w h i c h  we now o f f e r .  

O f  greater concern is bow we can  reach  t h o s e  who are t h e  major 
cause o f  a c c i d e n t s .  Slnce our courses are vo l u n t a r y  i n  n a t u r e  we 
a r e  concerned t h a t  w e  a r e  p r e a c h i n g  t o  t h e  c o n v e r t e d .  The 
i n d i v i d u a l s  who h a v e  a need t o  b e  m o t i v a t e d . a r e  n o t  among t h o s e  
who  actively partfcfpate in our p r o g r a m s .  We are v e r y  much 
d e p e n d e n t  upon t h e  r i p p l e  e f f e c t  of safety t r a i n i n g  in helping to 
s p r e a d  t h e  s a f e t y  mesaage..ln t h e  area  o f  h u m a n  f a c t o r  e d u c a t i o n  
eve ryone  who attends a s e s s i o n  rust be encouraged t o  become a 
s a f e t y  e d u c a t o r .  

FORHAL PROGRAMS 

Our current c h a l l e n g e  I s  t o  i d e n t i f y  t h ose factors which i n d i c a t e  
a d e c l i n i n g  s a f e t y  l e v e l  a n d  take appropriate action in 
co n j u n c t i o n  with the o p e r a t o r s  t o  ensure ehe  p r o b l e m s  a r e  
resolved i n  t h e  m a s t  efficient a n d  e f f e c t i v e  way p o s s i b l e .  . 

Formal awareness training p r o g r a m s  a r e  delivered in t h r e e  m a i n  
areas. They a r e  t h e  Company Aviation Safety Management ICASHPl 
Program. t h e  P l l o t  Decision MakIng ( P D H )  Program and t h e  C j v i P  
A i r  S e a r c h  a n d  R e s c u e  ( C A S A X A )  P r o g r a m .  

T h e  CASMP s t a r t s  with a n  E x e c u t i v e  S a f e t y  S e m i n a r  (ESS) which is 
d i r e c t e d  towards t h e  C h i e f  Execut i 've  of t h e  company .  T h e  message 
o f  t h e  s e m i n a r  i s  simple and straightforward. The C h i e f  E x e c u t i v e  
i s  u l t i m a t e l y  r esponsible f a r  s a f e t y  within t h e  c o m p a n y  a n d  this 
r e s p o n s i b i l i t y  c a n n o t  b e  d e l e g a t e d .  The s e c o n d  part o f  t h e  
message is. " I f  you  t h i n k  s a f e t y  is e x p e n s i v e ,  try a n  a c c i d e n t . "  

The O b j e c t i v e  o f  this s e m i n a r  is to encourage t h e  c o m p a n y  s e n i o r  
management t o  d e v e l o p  a c o m p a n y  s a f e t y  management program and 
appoint a c o m p a n y  s a f e t y  o f f i c e r .  

W e  also o f f e r  a Company A v l a t i ~ n  Safety O f f i c e r  ICASOl c o u r s e .  
Having c o n v i n c e d  t h e  Chief E x e c u t i v e  t o  s t a r t  a a a f e t y  p r o g r a m ,  
we now p r o v i d e  t r a i n i n g  t o  t h e  designated safety officer. The 
ewvraes lncludes t h e  d e v e l o p m e n t  o f  a s a f e t y  feedback s y s t e m ,  how 
t o  c o n d u c t  company a a f e t y  s u r v e y s  a n d  t h e  legal and financial 
fmpllcations of h a v i n g  an a c c i d e n t ,  

We a l s o  p r o v i d e  s a f e t y  s u r v e y  services and continuing s u p p o r t  t o  
t h e  d e s i g n a t e d  company s a f e t y  officers. 



The Pilot Decision Making Program was developed using research 
c0nducte.d in Canada. France, the United Kingdom and the United 
States. The program is designed to enhance the decision making 
skills of licensed pilots. 

The program consists of three modules which concentrate on pilot 
attitudes towards risk taking, stress and 'its effect on the 
decision making process and teaching how to evaluate information 
to reach a conclusion and make a decision. The program has been 
successful for all levels of pilot experience and we are now 
working on the development of Pilot Decisi0.n Making 11. 

CASARA is a specific program directed toward those private pilots 
and flight crew engaged in *supporting the Search and Rescue 
activities of the Canadian Armed Forces. We provide awareness 
training to allow the crews to operate safely in the dangerous 
search and rescue environment. At the same time, we take 
advantage of their attendance to introduce themto our normal 
safety courses. Since the implementation of this course we have 
seen a reduction in the number of SAR missions of about 25%. 

PRESENT *CONCERNS 

The first concern we have is the constant one of resource 
constraints. No matter how many employees we have, we would 
always like to have more. Particularly, when the programs we 
offer seem to be so well received. However, the reality is that 
we just don't have a bottomless pit of resources. 

There are obvious constraints on the government to reduce 
expenditures. The fact that this need to reduce spending isn't 
always accompanied by a similar desire on the part of the public 
to reduce services doesn't make the job any easier. 

At present, we are able to reach about 20% of the licensed pilots 
in Canada on - a  yearly basis. Ideally, we would like to see that 
coverage increased to 30%. 

We also have concerns for the credibility of our safety officers 
who actually deliver the programs. As the number of experienced 
pilots is reduced and airlines expand it is becoming increasingly 
difficult to acquire and retain individuals with the expertise 
needed to deliver these motivational programs. The need to ensure 
that our safety officers have a full and credible industry 
background is of constant concern. 

There is 'also an ongoing need to continually update the programs 
to ensure they are providing the best possible information based 
on the latest research. We have to continually respond to the 
changing knowledge base of the human factor problem.. 



There are a number of initiatives we are considering. We need to 
deliver the human factors message better to those who are in the 
greatesf need while integrating our work effectively with other 
government programs. 

The idea of using our safety awareness programs as an alternative 
to fines or license suspension will be explored. The advantage of 
such an approach is that w e  would have an opportunity to address 
the pilots who are creating the problems as well as those who 
attend our voluntary sessions. The provincial government of 
Ontario has used this idea effectively in dealing with driving 
violations. Instead of paying the usual fine, the individual is 
given the choice of paying the fine or attending a safety 
education session. Since I was given a first'hand look at the 
program during a recent trip to Toronto and I am convinced that 
it is worth trying. 

T h i s ,  of course, leads to the question of mandatory safety 
training. We have resisted this approach based on the theory that 
if someone doesn't want to learn they won't learn. We were also 
concerned that our apparent involvement in regulatory or 
enforcement activity would damage our credibility as safety 
officers. 

However, we are now contemplating a two-tiered safety education 
program. One tier would be our normal voluntary programs designed 
to incr.ease. the margin of safety while the other tier would be 
directed at the violators and would be more directed towards 
encouraging compliance with the regulated standard as a first 
step in developing a safer operation. Opening a dialogue with 
those individuals who we are not reaching at the present time is 
extremely important. 

Working with the companies to establish mandatory safety training 
requirements is also another initiative. The company may be able 
to impose a requirement which we don't want to regulate industry 
w i d e , .  For example, a number of companies have recently adopted 
our Pilot Decision Making Program as a prerequisite to upgrading 
to aircraft captain. One of the advantages with this approach is 
that we avoid the difficulty of having the program accepted if it 
is made mandatory through government regulation. 

THE FUTURE 

We will be trying to cover a wider audience with less safety 
officers. Therefore, our courses will be streamlined to reach a 
broader audience. To ensure the specific course requirements are 
not neglected we will be challenging industry to become partners 
in the delivery of the program and share in the cost. In this 
w a y ,  larger, more developed companies can support smaller 
companies., Since the smaller companies employ and train the 
future pilots of the large air carriers, this expense should be 



seen a s  an i n v e s t m e n t  i n  t h e  f u t u r e .  

I believe we have t o  proceed w i t h  b two-tiered s a f e t y  program. 
One d i r e c t e d  towards t h e  conscientious operator where we can make 
s t r i d e s  in improving t h e  l e v e l  of s a f e t y  and t h e  other d i r e c t e d .  
towards  t h e  v i o l a t o r  where we c a n  encourage  a b a s j c  a c c e p t a n c e  of 
t h e  n e e d  t o  f l y  b y  t h e  regulations. 1 d o u b t  that t h e  I n d i v i d u a l s  

--+.'who attend our voluntary sessions would abandon their eommisment 
t o  safety because we also have a mandatory program I n  p l a c e .  
U s i n g  mandatory  training a s  an  alternative t o  enforcement aetion 
would h a v e  a longer l a s t i n g  and more posltive effect and may be 
more e f f e c t i v e  in l e a d i n g  t o  behavloaral c h a n g e .  

We have t o  increase t h e  partiefpation o f  i n d u s t r y  in t h e  
d e v e l o p m e n t  of our s a f e t y  programs t o  ensure t h e y  a r e  r e s p o n s j v e  , 

t o  Industry's needs. To . t h i s  end we will be establishing . a  
steerdng committee which wlll include i n d u s t r y  represent .a t fvea  t o  
d e t a i l  t h e  type o f  program we s h o u l d  be d e v e l o p i n g  f o r  t h e  
1 9 9 0  ' s . 
CONCLUSION 

The prob lem of human factors h a s  been recognized f o r -  longer t h a n  
I've been i n v o l v e d  in aviation. When I s t a r t e d  i n  the 1930s we 
c a l l e d  I t  airmanship. Then we explained away m o s t  failures with 
the term " p i l o t  error". Now it's labelled human factors and we 
don't dare  mention " p i l o t  e r r o r " . .  There is s o  much documentatlon 
on t h e  subject it's hard t o  believe we need any m o r e .  

What we d o  need i r e  usable educational programs which a r e  e a s i l y  
understood by bath the presenters and t h e  s t u d e n t s .  We need 
presenters  who h a v e  operational c r e d i b j l i t y  a s  well as t h e  
ability t o  deliver t h e  safety message. And we need t o  d e v e l o p  an 
analysis s y s t e m  which wjll allow u s  t o  i d e n t i f y  safety problems. 
We h a v e  t o  u s e  t h a t  analysis s y s t e m  f o  justify t h e  develapment of 
s p e c i f i c  programs .  

We m u s t  s t a r t ' b y  educating those w h o  t r a i n  a n d  r e g u l a t e  t h e  
aviation community in human factors and ensure that they a r e  
p r o v i d e d  with t h e  p r o p e r  information t o  h e l p  solve t h e  problem. 
Research papers and s c i e n t i f i c  documents m u s t  b e  decoded and put 
into l a y m a n ' s  l anguage so t h e  message c a n  be d e l i v e r e d  by p e e r s  
and trainers I n  such a way t h a t  it I s  clearly unders tood a n d  
operationally accepted. 

~ h e ' p r a b l e m s  we experienced in, developing our P i l o t  Decision 
Program a r e  a prime e x a m p l e  of this c o n e c e r n .  We found t h a t  t h e  
p i l o t  community was turned o f f  a n d  tuned out  when words such as  ' 

"cognitive" were used i n  a safety presentation, Technical jargon 
is fine I f  it h a s  t o  do with a i r p l a n e s  b u t  n o t  when i t . c o m e s  t o  
human f a c t o r s .  

B u t ,  most I m p o r t a n t l y ,  w e ,  t h e  safety e x p e r t s .  h a v e  t o  recognize 
that human factors p r o b l e m  s o l v i n g  is a , h a r d  s e l l .  ~t is a hard 



sell t o  governments a s  well as industry. It isn't e a s y  to 
c o n v i n c e  someone t o  spend money on a program whose effectiveness 
is d i f f i c u l t  t o  q u a n t i f y .  I t  I s  p a r t i c u l a r l y  t rue f o r  t h e  C f v f l  
Aviation A u t h o r i t y  employee who is s u r r o u n d e d  by bigger programs 
with a c l e a r e r  l e g i s l a t e d  r e s p o n s i b i l i t y , .  

But; I s u b m j t  t h a t  t h e  government organization does have a 
prlma"ry stake a n d  a responsibility I n  i n i t i a t i n g  and p r o v i d i n g  
a a f o t y  awareness programs, particularly to t h o s e  areas  of t h e  
industry who d o  n o t  h a v e  t h e  resources t a  do so themselves. This 
responsibility m a y  not be c l e a r l y  a r t i c u l a t e d  i n  t h e  enabling 
legislation or supported b y  o thers b u t ,  m o r a l l y  and 
realistically, the n e e d  exists. 

To f g n o r e  o r  reject t h i s  n e e d ' i s  to deny t h e " i m p a c t  on ' human 
f a c t o r  problems of such programs a s  t h e  Cockpit Resource 
Management a n d  P i l o t  Decision Making programs .  



HUMAN FACTORS I N  A 1  R TRAFFIC CONTROL 
PRESENTATION FOR LENINGRAD - APRIL, 1-990 

P.G. Harle 

Since i t s  i ncep t ion  i n  1984, the  Canadian Aviation Safe ty  Board 

(CASB) has been concerned over  the l eve l  of s a f e ty  i n  t he  

p rov i s ion  of a i r  t r a f f i c  con t ro l  service. i n  Canada. The Board 

has consequently conducted two specia l  i n v e s t i g a t i o ~  aimed a t  

reducing t h e  r i s k  of c o l l i s i o n  between a i r c r a f t .  The f i r s t  

s p e c i a l  i nves t i ga t i on  concerned r i s k  of co l l i s i on  on t h e  ground 

and the  second concerned r i s k  of co l l i s i on  i n  t he  air. Bofh of 

t he se  s p e c i a l  i nves t i ga t i ons  underlined ser ious  shortcominqs i n  

human perfomance - inc luding both unreasonable expectations on 

individuals and human errors .  

I hope today t o  review t h e  r eku l t s  of these  two spec i a l  

i nves t i ga t i ons ,  wi th  p a r t i c u l a r  emphasis on those aspects  where 

t h e  r egu la to ry  au tho r i t i e s  may be able  t o  improve t he  human 

performance of a i r  t r a f f i a  aontrollmrs. 

I n  1986, a puhlic inquiry was held t o  examine tho r i s k  of 

c o l l i s i o n  involving a i r c r a f t  on or  near t he  ground a t  Canadian 

c i v i l  a i rpor ts .  Human performance problem areas t h a t  were 

addressed i n  t h a t  report included v i s i b i l i t y  p~oblems such as: 

- restrictions t o  l i n e  of s ight  from control towers, 

- shortcomings i n  the  teachlng and use of the most e f f ec t i ve  

scanning techntquelt by personnel involved i n  operations on 

a i rpo r t  manoeuvring arean, 

- t he  conspicuity of a i r c r a f t  and vehicles,  

- t he  'sea-of-blue' e f f a c t  created by t he  maze of blue taxiway 

odgelights a t  night,  e tc .  

The repor t  noted probleme with respect t o  the  information 

t r a n s f e r  procmss, including: 

- t he  timing and wording of a i r  t r a f f i c  control clearances 

and ins t ruct ions ,  

- t he  adequacy of current  procedures f o r  e f f ec t i ng  i n t r a -  

tower coordination between the ground and a i r p o r t  

control lers ,  

- ambiquoua o r  confusing R/T phraseology and the  use of non- 

standard phraseology by pi lo ts ,  control lers ,  and vehic le  

operators,  

- shortcomings i n  t he  varhatim read-hack of i na t ruc t i ons  t o  

enter ,  e x i t  o r  cross  o r  hold-ahort of an ea t lob runway, 

- hackground noise i n  cockpits,  vehic le  cabs and control 

tower gondolas, 

- prqhlems with respect  t o  the assignment and use of c a l l -  

s igne ,  and 

- congeation problems on t he  ground r ad io  frequencies. 

The r epo r t  concluded t h a t  vigilance i s  an  important f ac to r  i n  

c o l l i s i o n  avoidance; many potent ia l  ground c o n f l i c t  s i t u a t i o n s  

can he d i r e c t l y  l inked t o  breakdowns i n  v ig i lance  by p i l o t s ,  

vehic le  operators,  and a i r  t r a f f i c  control lern .  The Board notad 

t h a t  t he  cumulative e f f e c t s  of physiological,  psychological, 

psychosocial, and pathological var iables  c r ea t s  s t r s s ea s  on 

p i l o t s ,  control lera ,  and vehic le  operators which can s e r ioue ly  

degrade t h e i r  a ler tness ,  judgement, end performance. I n  view of 

t h e  absencs of a good understanding of t he se  ef fec ts ,  t h e  Board 

recommended tha t  t he  Cansaan  Department of Tramport undertake a 

mul t i -d isc ip l inary  review pf a l l  t he  human g e r f o m n c e  var iables ,  

ihc luding those r e l a t e d  t o  the  information t r ans f e r  process, 

which may compromise t he  e f f ec t i ve  performance of control lers .  

vehic le  operators and p i l o t s  during the  ground phases of 

operations. Unfortunately, t o  date  l i t t l e  of the  necessary 

research ban been accomplished. 

Following a s e r i e s  of werioue losses  of eoparation between l a r g e  

a i r c r a f t  a t  Canada's bus i e s t  a i -qor t  i n  l a t e  1988, t he  Canadian 

Avia t ion Safe ty  Board conducted a spec i a l  i nves t i ga t i on  i n t o  a i r  - 
t r a f f i c  s e rv i ce s  i n  Canada i n  1989. A apecia l  da t a  base was 

c r ea t ed  including 710 occurrences which took place  between 

January 1, 1985 and Decambor 31st. 1988. A sample of 217 

inc iden t5  involving l a r g e  t ramport -ca tegory  a i r c r a f t  on IFR 

f l i g h t  p lan .  wan se l ec t ed  from th i s  da t a  baas f o r  a d e t a i l e d  f i l e  

review by our  s a f e t y  analys ts .  More than 80 interview0 were 

conducted with r ep re sen t a t i ve  control lero ,  euperviaora,  and 

managers. Diacusoiosm were held  vi t h  representa t ives  of the  

Canadian Nr T r a f f i c  Control lers  Association, t h e  Canadian 

M r l i n e  P i lo t a  Association, t h e  Air Tranapoxt - t aoc i a t i on  of 

Canada, t he  Canadian Business Aircraf t  Aeeociation, and t he  

Canad~an  Owners and P i l o t s  Aesociatlon. 

Of t h e  217 inc iden t s  s t ud i ed  i n  t he  de t a i l ed  f i l e  review, t h e  

s a f e t y  ana lys t s  found one o r  more contr ibutory  human f ac to r s  i n  
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11kened It  t o  Miag on I t ~ s a W l l ;  I b i a  mrk rat mnd 

a I s s p  wma a oa-a cotmmnt. 9h.m lnsl contrpllmr* who 

d l a e d W 4  s kid o f  hLqh u b a m  they mro i n  tha cyelo rad felt 

that tboir watal pmermros8 wsn  prrticulazly ncutm, t h a t  t h y  

nro 'in tho  qmoss*. ' Bora addttrb t a  diffiudty I n  mtutslsg - 
to 00rm41 f r d l y  lit* and thst it UM oilplsr to h a p  wu wrkirrp. 

A uriiwrael v i w  was t b n t  t U 8  W s  could not br kept up. Wl.s 

the eontrollan liked the e.rsrkfmm p.y and v o l u a t m m  f w  it, 

U m y  bslLavr thrt iurtMr r r a t d a b  oa ooat4214r uoriw 

hauru La rmqulrod.  hey i d c n t e d  that thay pWlPd lihl to-me. P 

mductian t o  1 or a day. of aa*iarn eoasoculive &m worked. 

Tbmr believe that what they at .  b l n g  1. n # u c i q  t b a i r  longmvity 

ma tontrollem, leading t o  esrly --out- 

Tha mubjset af  iatigue baa beell widaly e t u a e d  and aoasidarable 

eantrovexay ~utrmntls the Iwret  QL fariwo en h u ~ a  parfomnca. 

During th. file mviun pbma of -8 special invastigation. it 

heres evident that  few of thm inver t i~a t ions  Ante l w a a s  of 

asparmtioa wcurrences m y s r o ~ t i c r l l y  evatuatod the cosditionr 

con4utiva to fatique. Hama Iatigsa was aseignod u a 

csntrlbvtwp Lsctar in only ¶WE o t  tho tl? Lnciamnta urnmineb La 

h t a b i .  n e ~ ~ r t b e l p a ~ ,  it IS bniiswa t ~ a t  m y  bi tho oonttol%.r 

szrore i n  p l r d a q ,  judgemnt, and utrsation warm made under 

mndit ion.  cf f m t i g u s .  mils tan ae+s for  rsgdatlaq 

ce~ tro l lnrp '  wrk and ramt pobode h a  long bmma rec@s+d, It 

i e  h l i a v s d  ehst some ef the undsrlyimg masoas havo Wan l r c p l y  

ovurlmkad. M r  axample, them bas bar* c ~ ~ i d . r o h l s  remmrcl an 

the e t i e c t s  of Ei . r taU#n &orbgU14la oa pflotm* mrio-ncs. 

Rouapor. the litaratum m the aftgets of e i re ld iaa  dimrhythdm 

on aLr t r a f f i c  eontrollera in leu. wslL documented. 

B a o i c  reasarch show tnst human bsingm erturaliy have a circadian 

lov In n e i r  pnysiological cycler r m t i m  l a  Ibe  vary marly 

- d u g .  During such ZcrrPe. p0rformmncs can be 84riously 

4Pfect.d. For example, it has &*a &maaastratgd that ahort tern 

wwry i 4  8dveEssLy ai fectod during the circadian l w  temyeracurU 

Ui ebn -7. z d 4 .  rmbMsl iaforratien 2.wL-4aU L h  

contra lera  i n t e r n i d  WULU a a n t i a  4ifficuLtlu Ln wmq .f 

luch thing$ am r o o d i n a r i ~  w i t h  M djdjrcant unit or making 

#implm k i thmar ie  c a l c u h M n r  during mldnight rhift.. 

U*aamsch ham r l a o  dsmnrtrsted th4t the human being t e  Crirly 

to lerant  i n  changing WtXshiits, Put i r  l eas  t o l a r a n t  of changing 

slemp cycles. In  particdsr,  w k s n g  a sridnighr ahift semmo PO 

aaximizm tha c i ~ a a L 4 n  d i a t u w o n  to riamml M y  cgcloa. 

dontxol loa rpoke o f  d l f I i cu l t iar  i n  gett ing to elamp i o l l w i a p  m 

rldrright shift. Basarrcb has r h m  that tam mbility t o  f a l l  

Uloag i e  r.l.ta4 r e  t h m  clrcabiarr rhptba o l  the M y ,  rathoe 

tham the w&r of hwm miready awake. ROMO, togardld*~ of t h  

80~trollsim d.11- t o  get to uIeep Lollowing a night mIrift. hs  

v y  ha- dif f ioultp slsepinp foc a ursfd pmrid of t i m e .  Th-re 

aIC8ctr can k aggrasnt*k by tbp -0 mima a d  rhytW 8f 

famtly a d  hdrun~old  nfFsLrn. 

mrbapm the whole dlecuaolon of r U f t  work, eumrtime, fatigw a f l  

excerpt from a Mcont Fhh study: 

'Many mtPdim paint t o  psr fomnco  impairment 48188iatld 
wLth desyr~~browim. Ils rsatfmsd prsvlowly, whsn body 
tempratura Iu lauout ,  error pmnsln 1s greatest.  %a 
wufd then tranml&ts t o  ths aid-rhi l t  port& bmtwssn 3: 00 MI 
a@ 7: 00 W t r  baing r e d t i c a l  padod. Ilo#ewr, i n  actu11 
practice. cmtrellacq' .rzoru d~ not PCcu im any grPat 
nunrbsr hqre. This can probgbly i n  paR be axplainad by lev 
traftio during mid-@hiit#.  ... ,.#a pnsrsl mtacement can 
b d*, tb*t p-16 O w e e i l n c l n q  ~ P U Y O C ~ C O M ~ ~ ~  Lm 
t a n g o r a d l y  i n  a n t a t m  of ioternml Pimarray. O l * e d a U  
aeer*tios rrew vary and hems groareet o r  1aa.F st 
inappsop~ists t i m s  nf tha b y .  t ~ "  msbgdaq t ~ .  fw-oa 
All-equippad dkhar to  deal with u z i m t m  or to go to .I*-p. -. 
I n  roam grnfvn.ic-, such ar d~ ttnft-ic oontrol a d  
4 i c l n o .  atroc-Ira* gerfogasnc~ is the  expected no- 
t h e t a  i* ssridance tnaP such error-Ckca pezfomanca, whsn 
atta ined by greeter than ordinary effort. oceurn a t  4 

emman~uratoly  greater uhyniaLogica1 and peychelogical 
teat ,  somstimes cal lsd a t reas .  " - 

mars i a  a wid. wprssd publ ic  pmresptian t h a t  centrdlrmg mIr 

tS4fZic i n  a higbly at reomfu l  eccupation HouePar the latemiew 

of  tbiu rpoci.1 i nvesuga t ion  ougqcst  t h a t  the shallmmga ot 

Qaaliw with haw d w q L e n  traffic Ls o m  of the -*or 

matim~isrr for ~ w n t r o l l s s s .  According t o  the fCA0 naaual of 

Civil Aviat ion Medicine. the qonsrmlly greconcaLmd inatom 

t lwght  t o  ha 8twas iu l  rre mot asoemosri ly  ao. Por sxawle, 

r r a p o ~ i b l l i t y  far safety and l ives  was nut 4 orreasor, uhemes 

Wing ororl?nQ*d Wus. High workload wae not, but boredom was. 

Failure mi B i l o t r  or other contrnllorm t o  conform to m otaadard 

epsrating pIocs&ures u a a ,  but ahltt  mrh i t m m l i .  m u  hut. 

On t h m  other bard, * v i d ~ n c e  was beard f m n  t b a  d e n t d l * r s  tha t  

a i r  rbift work and orertima work requlrameats contrihnIted t o  

i d l y  1Afamtylr strsssors .  flaPlq becoma accustomed to th* 

artra f i ~ n c i a l  cromp~naation from long ovwEUmm boure. add i t loud  

f i n s m i a l  oommiteeatn may alco bs creating add06 stros* eutafde 

tbe  work $lac., In  Canada, thers 1. r m  hir ~ r a f 2 l c  

WcupatCoeml Health proqtam in operation mt 111 of the -a 

CQatr~1 Centres. TBo pz+qrmm La r t a t f d  d t h  8 e U c a l  ~ O C ~ O E B .  

BUrrPa,  wad psyebldgirttn, uoud ly  on a p s e - t i w e  m i * .  

CouMeliieg i s  avai lable  for those wbo mquwst it. IU**&- 



Mth tfisle pmimaaioaa1. indicate that there bad h e n  a steady 

inersrsh, i a  streel-relatad eamplalnto. ururlly chm m n u l t  af 

.xcahdipe ovsitid.. h e t o t  b a n  Jowy. a consultant physician 

i6r the 1Mmnt0 bxea cOntml  coat-. describer a tmlcal p t i e n t  

4s foliikn: 

- to0 meh wartime but l i h s ' e r  n m d m  tbm x m q  

n o b t o ~  $Uwy poiatd out thrt t h  -raga sentrol lar  ngs at 

Tomomnto i r  46 sDO thmt oldmi omtcdlsrm ii- it incrmulagly 

dif11bWt tu cop.. *rm i a  alga a bi* lacidanc* oi u r i t a l  

p ~ o b 1 . h  a d  'a senas of f n n t r a t i o a  fmm a l ~ r / m a r g e m e a t  

otlrnamint.  

m a  occupAtiomdl h e a t h  0 t a t f  indicited tbnt their macod malor 

tuncorn mftor iatigua selatd p z o b l w  was #tzoller/mmnag.mmk 

0 0 m S U d t b t i O M .  C0~tmUmr4 i m l  that  they  at. n& t0 W U l t d  

c i a m u  Which dimutly affect tha, t h a t  Chair w l d o a s  ara 

mat M p l c t s d  'Phis wmnmt warn not e n t i d y  bms-out b~ tbm 
\ 

lntesvia*1, but It ulpdarlips fbC mod tor  t 8 n t i d r q  

m a a g s t i d  attention m a +  astrblishing and r a i m a i n g  a uood 

c o n t m l l e r / m m q w a t  w k l b g  mL4tiwbip. 

ron t ro l l s r s .  The machb controilmr U). ha** d.-alopbd pmmcnal 

techniques for copinq with tolapl.~ s i tuat ions  W e h  a m  extremely 

d i f f i c u l t .  LC not impnnsible, f o r  a nmr controllac t o  emulate. 

The new controllmr, undsrqotng en-the-job training. i m  only 

facod v i t h  trying t o  b. pceeptud .ntg mn m s t a b l l ~ h 8 d  tar&. b u t  

dspmnda on t h a t  acceptance fgr the qual i ty  of him ihptruct ion and 

thw him mwntual - l i f icaUoe u 4 e n n t ~ ~ i l ~ t .  

Sn C l a r d r ,  tbars 10 *till r mlgpLficant u w a t  bl air t r a f i i c  

e ~ d u c t s d  udar v i d  n i g h t  nrisr i s  ond kahid t b  b w i a b t  

tsmaal rmas. X u  t U r  bpacial inwrtigatioa. s p p r o x i r a t s l ~  9 t  

oi thm reported occumDcas imvo1d.g TFB t rn f j i c ,  involv4d 1 

refand a t rcsaf t  apbratiag d o r  WU. h t y p i c u  ~fcyrrrn~m o f  

t N o  aaturr lmwlrmn r 14- mircrmlt om an XPk mppraacb jurt 

outaid- r pmitips o0nCM1 s m  eooflicting 4 t h  m l i g h t  a i rc ra f t  

apmtlting WR and mt i n  oommnicnti~n u l t h  th r  t m d o h l  or  

towor. A aseoM (lama su-l typs of occurmaem i s  mu XtB 

k r e r a i t .  innido  s comtrol rum. tlrarel fox sfsual  mppmnch, 

-ah eenflictm wltk Other IPR tmif ic  clemrd ID+ a viauol 

appr~ch  or  wlth VPR trrffic. Ia b t b .  of these cmram thm grisary 

ruponsibility for colLimion a * o l d e ~ *  mstm vltb tha p i lo t s  

wing thm 'eco and b~ rwn* prik~iplm. Whirs t b l m  principle barn 

n m t v a l  thm eplmtion c o w t y  vsll over thm y m ~ ~ l ,  f o r  a nmrbsr 

oi mamono it ~ W P  nmt YOTL'*I VOU *n tadtor IF? trmiiig im 

invoI*rd. For M u r  

- mo J d - a m t  a t  the J?R p i l M  t h a t  radar aqmcat lon is 

' ' ~ n t r o l ~ s r o  seam t o  perm-. a uniwa mot mf s k ~ l l m  and a t t 2 i b U t U  

whlch have been d i f f i c u l t  to adequatsly qualify or  quantify. 

Vhin & d l  ona-ubtbdly *racrtbatad t h o  current d i f f i c u l t i e s  i n  

findfa* 6 1 U t a M s  *Umctlon or bcrmmdnq pmmmn~ fox new 

oqntrol l s tn  la CanaUa. Fcs=tmiiay, c o s t x n i l s ~  m u n t  have 

~ X ~ P E ~ ~ Q I I ~  . k i l l 1  in solving +kern bimnnional tlaa/mprcm 

pmblemb i n  real timar they arut bs able to armlmilata had adhers 

b a complsx aat+ix of prsacribed pmeeaures; t h e y  mmt he able 

t o  m e i m l ~ t e  ElsarlY; and -r they mat  have R bigh meme of 

commitm8nt to their pxobsaloa. A coatroller muat b. l a rpo ly  

i n t r i n a i e d l y  &vat@, gaining p m r s d  *at lafeet ion from ths 

job itmalf: thore i r  littlb pnaitiwa reiuforcamout given t o  s 

tontroller f o r  a job veil bas. Cn the other had. thra i m  

oonrLdmrmbls nsgativs f a d c k  i f  thm juL l a  d6m poorly. 

baing provided fma a l l  orksr traLfic. *m I s  p . r t iculsxlg t r u e  

sssr lmrgm airporcr whisa have contrd Area axtmruions ( I ~ t p r e r l y  

-1. 

- Ths increaming depWdenco of contrdlers on SacoMsry 

mdar rmturnm with digital data t a w  II. =OF. ~ u d  mom #ma11 

airoraft a r e  sqululpp-4 vlth trans*#. 

- Tha ~rsibility of  c o n t m l l e a  a r m d n p  t b m t  uon-Wo C 

t r tu+nr  rhich sppmmt within tbs  bor i renta l  c o m f l ~ n  oi tbs 

centml-arna aatssaloa represent *ireraft opamtinq h lov  th* 

floor of Mmma c mhxpae*. 

- f mcrsasingly cmplax d v h l  p m c s d u m  n d i a e d  with 

sutoesta dmraft dyatsm both  of  which tmnd to ~ s s g  pilots '  

rttentlon iluids their cockpits. tbur rduc ing  lookout. 

many cofitrellad who baiievm they caa baadle sll tbs tsaffic that 

the aystsm prsEehts t o  t b e L  They c s e a l d i y  a h l t  thmt thay have - ma pmecally hiqhmr rpeeda of IPa ahcraft  reduce the 

t o  cut m few coreera t o  do 10. S Q ~ O ~ ~ M S  thmg take  on additional t i m e  arai lsbls  for ~ ~ n f l i c t  rmeopdtiou d evae1ao manoeuvres- 

r e o w n a i b i l i t i s s .  such aa recmgtlng bad-uffm outaide tboir  A t  a r a l a t i r s  clwinq sgssd OL 316 knot8 if m c o n f l ~ c t i n g  

ds6iqnated rrsss aL rusponeibilfty or t q l n g  t o  prwidm rerv icss a i r c r a f t  1. moon insiclo hx, pilee it 1. d i r * l y  that tb-z* 1s 

that are  wt u s d m t e d .  IB other wozds. many c ~ n t r o l ~ e r a  t a d l y  nuf i i e i en t  time t o  eroid  it. 

* m a r  PO ba trying tdo bbril. eo plsaed tb8 uasra. &ent 

t h a t  t h s  'mcho' ayadroms *xistmi i t  ioposms d i f f i c u l t i e s  for new 



- An t r a f f i c  denmitimr bui ld  up, tho pmarura t o  u t i l l r *  

H U w l  apprwehos map incr*a*e, thur placing mrm risarmft in a 

' ~ O O  a d  h. ~mem* e i t u ~ t i o ~  

i t  issue is whmthsr i t  ir muormPI.,^qiveu tb* t-chnolopy 

presently available,  to enr-t large nuah.- of limo ta  a 

A i s r i  study cenductd m i n  tba wdtmd atatas i o d  that, 

dutlnp tho p d o d  1971 t o  1981, problem la tho Canwilt o f  

problsm vs& -la- primaidly to a e s  c ~ u a t l e n a .  Of r)ls 

361 r.ct ~ d n q  wrd imc1d.d.  %a m o  dmtm bm. or our 

special i n v s s t i q ~ t i o n ,  in 191 c a r u  thmrr vsm a c o n t r i h t o r y  

c a w s  factor drtimg to eoaruaicatioaa u rhowa i n  Us- 

rncor~.etlOoclsac Phrmsology 
Pail- t o  Achoovledg. or V a r l i y  
rtrad+mts mocdinstion , 
I~dssurte Sector Briefing 
9ran8positiaa Error 
f ncarrwt Radar He&-elf 
Data PnmUnq &rmr . 
Peta Proemuring Grmr 
Data Hot Avallabla 
m a r  - Co-unlcst*oru 

Inmloquatm coordination wr ammiqmd 77 tins8 soKlscting L 

fsilum ,to propady t rsuntsr  iafermation ta  aa0th.r Eontroller. 

PPrtkocmore, uhil* ' forqmtfulnas' , ' constant vigilance n o t  

maintain&*. or ' inartsntion' were asaiqnsd ar csntributory 

factom 172 times. cmaurdcatioru-rnlated p ~ b 1 . m  vote .Ire 

c i t d  i n  94 of thema ofcurrenees. Fnr sxanple. in6dequatP 

ewrdisrt lon warn ~ l z t e d  t o  ' i ~ t f  mntion', ' fosqetiulnesm' or 

'conatant vigilqnce not nmihtrin&' on a t  lmart 35 occariow. 

Xa eem lose af mopar=tios mcourrsnoe tkt ws LawmtigatmQ 

a o ~ s t i o n  on tha ground Lrequoaeg at T o m M O  rar c a m i d ~ r r d  to 

bo a contributing factor. In thw 4 aiaute and 10 rmemd regmeat 

lsadiug up to tha imsuencs ot t a x i  laatruet iow for a ~ e i a g  737. 

the South ~rouad camrollat t sansa t ted  or ! a s a i d  77 auparr ts  

radio t renaa ino loru .  Pbis coatroller was plrcmd i n  mituatLon 

of having t o  do too much i n  tgo little tLao. U n d ~ r  much nan--top 

radio eomupicstions, pi lo to  arm wlderstandably +olmct&nt to 

mxacsrbats trsquency coageetiba by rsqussting any neceeeary 

ClariticatLoa. 

h e o d n q  to Doctoc k T. Lou or the MhSA Wen Rssaaroh Cmm~re i n  

the united s t m t m u .  t h u a  ara "-turd lidtm In thw human 

proc~nrirtq sped for speech. du: t o  mhort t o m  -ry ~4prcity 

a d  irrter~smacn of  r i a l l a r  mounding IrnIarmation in me411 t i o r  

u ~ a m p l m  mlpha-mmricm). M i a  normal conversatiam 1. at 

spproximtaly 140 w d m  p.r m l m t m ,  Dr. tsm b w  n o f d  mp.aCh 

rmtom of 300 mum per oinucm in Wrie*m .It traffic O O ~ L E Q I  

o.ntrmm. A l l  of such opeeeb i m  v8zq compmct i n  twmm o f  it* 

Upha-uumaslc infgcamtion bmarirq dammat.. 

I n  t b m  uni td stat- thorn h u  b s n  aa i n d u ~ t y - ~ i d 8  c a l l  for 

. action te ndutm t h m  12 mmt eemmm .-em af brm*ltdowru in oral 

uomu~eat ioar .  Thara o w n  i s r m  - u iol low: 

- Similar rouabinq alpha-nmmdem 

- Controllqr bearback px0bl.g 

- Pbzusoloqy 

- Emnciation 

- ~ b d m - t .  w swakaro 

- aadio di.Cipltm8 

- latra-cockpit -uPicmtlonr 

- Intmr-costrollar e o o r b i ~ r i m  m ~ t ~ t i O U ,  

- Bloekd mr rimultassous trnw.lorionm 

- st& ricrophorsr . 
- Readhuk p d m r  

- faitid radio coatact. 

m l a  ao Watata t ive  snalfrir of W e  faomn m eotlduct.4 i n  

1n n u  iavertigetios. them is md40acs tbat t b u e  maw ph.nos*- 

are mt vork in & Similar r m -  aircrmft c . l l * i g ~  -5k l t  

i n  coatrollmr an4 pilot coafwiirn rlth potent ia l  i o l  O s r i ~ W  

aon8rqvsncu. E o m t m l l a t s  icsqumw3y m h  no bury that W? 

pilot UEOC. i n  tho rmaUhac)r' DL d ~ ~ ~ n u c t .  or imtmctiaw - 
pcohblr duo t o  hmatinq uxmctancy. Tho use of non-mtand.rd 

phrawmdow Lo comwn for h t h  pilots and a i r  traffic 

corrtroLiirs3 thin caa lead to  br.akdounm i e  tbs conmicmti~n= 

pcocesr. Tbm rmluctancm of mow p i l o -  and controlism t o  

routinely war their headsets,  ralylng inatsaP on rp84htP,  

eompmaisas their e f fec t ips  receipt of messagw. Hoot of tbmm 

gmblsw can be ovarcoae by incnasad attantfmr snb diecipllw by 

cantrollers and pilata  al ike tovax4a 9opuring am sffsctiVm 

i n i e m t i o a  kranufcr; two Psquizea an undecstanPlag rdl 

roruitivity twmrdr thm p r o b l o ~  of b t h  sendiag a d  rpceivinq 

mmaaqss. 

spnci8i invastigstion r o w a i d  u d p s  prob3.m w i t h  teapact 

to inrarmmtion t r a m  f o r  la oceanic patrol srqrm - mpauifically 
the  &near ~ f m z d c  Control Armr. The ahnetice at  direct 

oomtrallqr/ptlot oommunieatiotu or any maw of dlsuct 

muff.iLlaaf8 thmvghout mat a i  the airnpacd in tbe Gandor 



Oceanic Control Area c rea t e s  a unique s e t  of communicatiom 

problems f c r  t r a n s a t l a n t i c  t ravel .  Gander r e l i e s  very heavily 

upon RF rad io  ccmmunications and a l l  t h e i r  attendant 'problems, 

including the  need f o r  t h i r d  pa r ty  involvement i n  t he  

' communications process. I n  thekabeence of radar  coverage, 

su rve i l l ance  of t he  a i rspace depends on timely p i l o t  p i t i o n  

r epor t ing  and an antiquated'sy8tem of recordlng an$ monitoring 

these  posi t ions  on paper f l i g h t  data . trips.  Given the operating 

characteristicm of HF radios, a t  the beet of times, 

communlcationa on HF a r e  very time consuming. Controllers 

rrwported t h a t  delays i n  relaying a simple massage can take up t o  

30 minutes; routinely, posi t ion reports a r e  received 15 t o  20 

l inutea  a f t e r  t h e  fact.  Extra support s t a f f  are  therefore  

required t o  proceae these messages. The in ternat ional  f l i g h t  

service  n t a t ion  a t  Gander i n  reported t o  be handling 2,000 t o  

3,000 HP menaagea per day, concentrated i n t o  the few hours of the  

peak eas t e r ly  and westerly a i r  t r a f f i c  f l o w .  Copying o r  typing 

e r ro r s  occur a t  t h i s  intermediary level  a8 the r equ i s i t e  

information i s  recorded f o r  onroute trammission t o  t he  p i l o t  o r  

t o  t he  control ler .  Given th i a  antiquated mymtem of 

p i lo t / con t so l l e r  communicatiom and f l i g h t  folloving, gross 

naGigation e r ro r s  go undetected from time t o  time thereby 

compromising t h e  overal l  s a fe ty  of t he  system. 

Given tbw increasing volume of t r a f f i c  aver the North Atlantic,  

i n  it reasonable t o  expect 8 control ler  t o  maintain an accurate 

mental p ic ture  of the  evolving air t r a f f i c  s i tuat ion,  re lying 

upon his personal scarlping of a t r ay  with 40 or  50 f l i g h t  

progrees s t r i p s  on a t r a y  before him7 m e n  a potent ia l  con f l i c t  

between two a i r c r a f t  is  ident i f ied ,  i a  it reasonable t o  r e ly  upon 

a system of p i lo t / con t ro l l e r  conrnunications with up t o  30 d n u t s  

delaya i n  i t 7  With t h e  technologies available today. d i r e c t  

con t ro l l e r /p i lo t  communications i s  feas ible  e i ther .ora l ly  o r  

through data  l i nk ,  and survei l lance systems which present a real -  

time a i r  t r a f f i c  s i t ua t ion  presentation t o  the control ler  a r e  

feas ible .  I t  w i l l  t ake  considerable in ternat ional  cooperation 

and funding t o  implement t h e  necessary communications and 

survei l lance systems t o  bring the oceanic controllers '  job back 

wi thin  the  reasonable bounds of expected human performance. 

From a regula tory  perspective, what doee a l l  t h i s  t e l l  us i n  

Canada, and perhaps elsewhere? 

Our understanding of human factors  as applied t o  a i r  t r a f f i c  

con t ro l l e r s  appears t o  be limited. The l i t e r a t u r e  i s  incomplete, 

and i n  some cases addi t ional  basic research i s  required t o  

improve our understanding of natural limitations on controllers '  

work performance. For example: 

- Bet t e r  means must be found t o  sus ta in  control ler  

v igi lance - par t i cu l a r ly  during periods of l i g h t  t o  

moderate workload. 

- We need t o  examine the  short-term and long-tern e f f ec t s  

of constant ly  ro t a t ing  work-shift and s leep cycles 

on c o n t r o l l e r  performance; it would appear t h a t  too 

much i s  being assume&. about what can. reasonably be 

expected of c o n t r o l l e n  during midnight s h i f t ~ ,  during 

extended work periods without day.-off, and cdnaecutive 

work s h i f t s  v i t h  only 8 hours o f f  between sh i f t s .  

- We need t o  examine the e f f ec t s  of acutc and chronic 

fa t igue on control ler  performance. we understand these  

phenomena generally about p i lo ts ,  but l e s s  well about 

controllers.  

- Although s t r e s s  levels  concerning controllers '  job 

performance have undoubtedly been grossly exaggerated 

i n  the media, it would appear t ha t  a t  l e a s t  i n  Canada 

the  controllers '  work-rest patterns and l i f e - s t y l e  

create  s t ressors  outside the  workplace. We believe t h a t  

such ex t r in s i c  s t ressors  may carry  over t o  the  work 

place - even i f  m could not d e m m t r a t e  this. I n  this 

regard, the  occupational heal th  program avai lable  f o r  

control lers  should be enhanced t o  promote l i f e - s t y l e  

modification, as  required on an individual basis.  

- Because there  a r e  s ignif icant  shortcomings i n  t h e  da t a  

avai labls  t h a t  has been acquired through the  

invest igat ion of loas  of separation occurronceu, a s o r e  

s t ructured approach t o  occurrence inveet igauon is  

required. We need t o  systematically capture and record 

the  most re levant  data per ta ining t o  con t ro l l e r  

performance i n  order  t o  f a c i l i t a t e  long term macro- 

analysis and understanding. M y  then vill the  

regulatory author i t ies  be able t o  i n t e l l i gen t ly  a l t e r  . 
t he  control lers  workplace, pat terns  and procedures. 

Today ve a re  not learning enough from the  human e r ro r s  

t ha t  a r e  da i ly  comproe.ising the  margins of s a f e t y  i n  

a i r  t r a f f i c  control.  

- With respect t o  t h e  information t r ans fe r  process, both 

p i l o t s  and con t ro l l e r s  continue t o  make fundamental 

e r ro r s  t ha t  could precipi ta te  a mid-air col l i s ion.  

. Industry-wide the re  i s  a need t o  OaMit ize  con t ro l l e r s  

and p i lo t s  t o  t he  f r a g i l i t y  of the  o ra l  communications 

pro;eso t o  misunderstanding. The regulatory au tho r i t i e s  

can play a l ead  r o l e  i n  promoting s a f e r  in terpersonal  

communications. 

- Over Oceanic Control Areas, control lers  may be faced 

with a nearly impossible t a sk  today. I t  would appear 

t h a t  i n  some respects  we have taken 'out of s ight .  Out 

of mind' approach t o  the  control of t ram-oceanic  

f l i gh t s .  Given t h e  increasing volume of 

in tercont inenta l  t ravel ,  control lers  require  a 

real-time survei l lance capabi l i ty  and Direct 

~ o n t r o l l e r / ~ i l o t  Communications t o  preserve t h e  

t r ad i t i ona l  s a f e t y  margins. In ternat ional  cooperation 

and funding w i l l  ha required i n  t h i a  regard. Current 
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"Human Factors in Aviation 

A Senior Airline Captain's Viewpoint" 

by 
Captain R. Macdonald 

Canadian Airline Pilots Association 

The term "Human Factorstt has, in recent years, been used in many 
variations particularly after an aircraft accident or incident. 

During investigations of aircraft accidents or incidents, the concept of 
human factors generally relates to the performance of a flight crew 
immediately prior to and during the problem period, which does not always 
adequately cover the entire process which has 1e.d up to the problen. 

There arc many definitions of human factors, perhaps the easiest to 
understand coming from Chapanis in 1985 where he states, 

"Human Factors discovers and applies information about 
human behaviour, abilities, limitations and other 
.characteristics to the design of tools, machines, 
systems, tasks, jobs, and environments for productive, 
safe, comfortable and effective human use." 

If we are to accept this definition we can clearly see that the study of 
human factors in an aircraft accident or incident must encompass the total 
concept of the Chapanis definition. 

Training programmes have changed considerably over the years and the 
introduction of the "specific behavioural objectives" or "need to know" 
has eliminated a lot of unnecessary verbiage being given to the pilot. 
However, tied together with individual training consoles, it has also 
removed much of the human factor of a classroom and many pilots feel 
inadequately prepared for the technicalities of flight operations. 

It is also interesting to note that during an accident investigation the 
technical expertise of a surviving crew member is expected to be at, or 
above, the level of the aircraft designer, irrespective of the very 
minimal training given during the piiots' "need to know" ground school, so 
have we really helped the pilot? 

This type of pilot training may make the cost accounts look good but, when 
an immediate response to a problem is required, the lack of a complete 
unde~stanaing of an aircraft system or component may put such an 
unacceptable load on the pilot's decision-making process that an incident 
becomes an accident. Some airlines have tried to compensate for these 
inadequacies by giving further specific systems training during annual 
refresher courses, but during the pilots initial flying period after check 
out on new aircraft (particularly if his other crew members are newly 
checked out as well) the human factor stresses can thoroughly disrupt what 
should be a fully coordinated crew effort. 



I would not advocate returning to the old ground school system, however, a 
f e w  days in the  elsssroom to review what has been taught-at: the console 
would certainly help t o  consolidate a better understanding of the aircraft 
systems and their operation. What we must appreciate and understand 5s 
that the  graduating pi lo t  m u s t  b o w  at least everything the instructors 
know,-both ground school and flight school, as he is the one who must then 

' go do the  job in the "real world" and be faced with ''real problems.'* 

During a pilot's career, he is exposed to many reports expoding the 
precise procedures to be used in the event of a spec5ffc problem, but such 
procedures very often are written by engineers uho do not understand the 
human factors involved in the operation of an aircraft. 

If we look at the rejected take-of f , for instance, we can clearly see that 
irrespective of the precise procedures l a i d  down in the aircraft opera,ting 
manuals they very rarely work-as planned. Why is this? 

We must remember that all' the data presented to a p i l o t  with regard t o  a 
rejected take-off was supplied by the manufacturer whose t es t  p i l o t  was 
operating under the following factors: 

i) Was rested within his own circadian rhythm notma1 sleep. pattern. 

ii) Knew he was going to do the rejected take-off. 

iii) Uas using a n e w  aircraft w i t h  new tires and new brakes. 

iv) Probably d id  the test in ideal weather. conditions, with non 
contaminated runways. 

If we review past rejected take-offs that d i d  not  work.out we w i l l  find a 
consistent similarity in the causal factors. 

Haw many years have we' been talking about stopping on contaminated 
runways? Hany years of testing have been done but the results have been 
generally ignored (FAA tests ,  NAFEC Atlantic City, Walter Horne). The 
average airline p i l o t  basically knows that, on a maximum weight take-off, 
on a rainy or snowy day, h i s  accelerate stop distance w i l l  probably exceed 
h i s  runvay Length available. Y e t  when it happens, the industry 
immediately expresses shock and tries 20 i n d i c t  the  pilot rather than 
accept the fact that w i t h  the present day rules for the rejected take-off 
accelerate stop distance these accidents will continue to happen. 

Let's look at some of the  factors that cannot be precisely defined: 

i The physical and psychological status of the crew, 

ii) Crew rest relative t o  circadian rhythm, days.on duty 
and the  length of the duty day. 

iii) Effects of enroute delays, weather problems, ATC factors, 

3v) Effects of deferred snags. 



v) Aircraft status such as all tires and brakes at limits, poor 
throttle response, etc- 

vf) Incompatible cockpit crews causing podr cockpit coordination. 

- vii) Difficulty in making an immediate assessment of the severity of a 
problem and reacting irmnediately in a precise manner o f t e n  
because of the lack of definitive information in the cockpit. 

Some accidents where lack of cockpit information caused problems were: 

I .  A i r  Canada nC8 Toronto. Engine ripped off wing, No definitive 
cockpit i nd ica t ions .  

2. American DClO Chicago. Engine tore loose. No definitive cockpit 
indications, 

3. PWA B737 Calgary. Severe engine damage, fire and wing fuel tank 
damage. No immediate definitive cockpit indications. 

4 .  British Airways B737 Manchester. Severe engine damage, fire, u i n g  , 

and fuselage damage. No immediate definitive cockpit indications. 

The record goes on and on and although l i n e  pilots have been advocating 
some technology to view our uings and engines  it is only  nou being 
considered. Personally, 1 have not seen the  uing or the eng ines  from t h e  
cockpit since the Viscount days. 

When Wilbur and Orv i l l e  first flew, t h ~ y  a l s o  had t o  contend w i t h  human 
factors .  The environment in which they experimented r a p i d l y  proved to be 
hostile, and even though the mechanics of flight were understood the 
vagaries of t h e  elements c l e a r l y  indicated that more pierise information 
had to be g iven  t o  t h e  pilot in order for him t o  adequately perform-his 
task of pilotage. 

As aircraft have become larger and more complex, we have seen the economic 
push to reduce cockpit crews to the two-man concept. In some cases, this 
has been achieved by engineering out the pilot:  from some systems, either 
by making them completely automatic or giving the p i lo t s  no. control over 
them. Again, however, if an incident .or accident occurs, the p i l o t  is 
expected to have f u l l  knowledge of such systems and how they operate. 
This is l i k e  expecting someone to play poker without seeing his cards. 

We also seem to be producing cockpit crews who are totally dependent on 
the cockpit computer systems to do their thinkfng during times of stress, 
instead of being pilots and f ly ing  their airplanes. 

Are we 'the administrators, the aircraft companies, the air l ine  managements 
and the p i l o t  groups losing the  b n  factors interface of man and machine 
in our quest for  economies? A r e  we really examining the true human 
factors of the professional airline pilotst environment or are w e  s t i c k i n g  
our heads in the sand and hoping it w i l l  a l l  go away? 



We must reassess our attitudes to the real complexity of the airline 
cockpit, Accident investigations that provide no answers.except to blame 
the flight crew do nothing for anyone- Pilots do n o t  deliberately plan to 
have accidents. They are always the result of marry factors including 
''Human Factors" so our discussions must encompass every fac tor  of the 
pilots '- envi~onment , be it t-raining, cockpit design, crew duty times or 
other factors. 



AN OPERATOR'S H U W  FACTORS CONSIDERATIONS 

Alan H Roscoe HD 
Britannia Airways 

Introduction 

1t is now technically possible - according to research engineers - for 
aircraft fitted with advanced systems to fly thousands of miles from one 
ai:port to another without the assistance of a human pilot. However, it 
seems most unlikely that the general pub1 ic is ready to accept the 
pilotless airliner, even though it appears to accept driverless rail 
transport. The pilot continues in overall control, and is likely to remain 
so for several years to come, but the methods he uses to operate the 
aircraft have changed markedly with the increasing use of automation. The 
airline pilot of today is much more of a monitor and systems supervisor 
than an active controller. 

But, despite the great technological advances that have taken place during 
the past 3 0  years, the proportion of accidents to passenger transport 
aircraft attributed to flight crew error has remained about the same at 
just over 70%. It is still most important that the manufacturer and the 
operator continue to monitor the human factor aspects of flying the 
aeroplane and be prepared to take action if problems are identified. 

For exampl e, the introduction o f  advanced automation using sophisticated 
fl ight management systems, improved autopilots, and electronic displays has 
generally reduced pilot workload and improved performance; yet, especially 
in the light of recent accidents, it is being suggested that safety may 
occasionally be compromised by too much reliance on new technology. 
Clearly, even though new systems and operating procedures are shown to 
improve performance most of the time, the possibility that performance may 
be degraded, even if rarely, should be cause for concern and action. 

In this paper some of the issues related to pilot performance and safety 
will be examined, and a number of examples taken from 'real world'. studies 
carried out over the past 20 years (mostly involving the assessment of 
pilot workload) will be presented where appropriate. In this respect, it is 
convenient to use workload,as a 'common thread' to connect the different 
areas of interest. 

Pilot Workload 

There is no generally accepted definition of the term pilot workload and so 
it is usually worthwhile defining what is meant whenever the subject is to 
be discussed. 

Nine years ago Ellis and Roscoe ( I ) ,  using a questionnaire, determined that 
more than 80% of professional pilots think of workload in terms of effort. 
It is also an interpretation that agrees well with the individual nature of 
the piloting task and with such factors as natural ability, training, 
experience, age, and fitness. Bearing these points in mind Ellis and 
Roscoe proposed a modified version of the definition used by Cooper and 
Harper (2) in the introduction to their Handling Qualities Rating Scale: 
"Pilot workload is the integrated mental and physical effort required to 
satisfy the perceived demands of a specified flight task." There is 
evidence that the failure to perceive the demands correctly has been a 
causative factor in several accidents to passenger aircraft, therefore 
reference to this aspect of workload i n  the definition is highly relevant. 
For example, i n  1974, a DC-? crashed short o f  the runway at Charlotte North 
Carolina during an approach in marginal weather conditions; the cockpit 



conversation was *quite casual and completely unrelated t o  the f l i g h t  
t a s k " .  

The most used technique f o r  assessing workload I n  f l i g h t  I s  some form pf 
sutj ject ive reporting, and currently i t  f s comnon practice t o  use a 
specially designed rat ing scale - 1 ike  the Bedford scale (f lgure 1 ) .  
However, as subjectlwe opinions are vulnerable t o  bids and to pre-conceived 
i d e a s  it i s  useful to be able t o  augment subjective data w i t h  a wre 
o b j e c t i v e  measure, such as recording the p i l o t ' s  heart sate ( 3 ) .  En the 
following examples, workload was assessed using t h i s  technique. 

The Concept o f  Arousal' 

When flytnq an aeroplane, especi a1 ly durfng the more derahndfng manoeuvres, 
a p i l o t ' s  b r a i n  has t o  collect, filter, and process information quickly; 
he has to exercise judgement and make decistons, and then frequently he has 
t o  i n i t i a t e  appropriate and samet rmes rapid actions. This neurological 
actiri ty, which must have been Important i n  helping p r i m i t i v e  man t o  

' 

s u r v i v e ,  i s  associated with. a s tate  o f  preparedness known as arousal. 

Experimental evidence suggests t h a t  the re1 at ionship between performance 
and arousal takes the form of an inverted "U" shaped curve; there i s  an 
optimum level o f  arousal for best performance. Levels of arousal are 
probably determined by how an individual perceives the s i tuat ion,  and by 
how he responds t o  h i s  environment. i t  can therefore be hypothesised t h a t  
a sets h i s  level o f  arousal according t o  hw he perceives the 
difficulty o f  the fljght task.  I n  most people, heart rate r e f l e c t s  the 
level o f  arousal. 

A1 though t h e  concept o f  arousal i s  an oversimpl i ' f i ca t ion  o f  complex 
neuro-physiological mechanisms, it i s  functional and, provided t h a t  
task-induced arousal %s not confused uith motion-induced arousal tun1 lkel y 
i n  t h e  majortty o f  experienced pilots), i t  serves t a  exp la fn  the 
re1 a t  ionsh ip  between a p i l o t ' s  workload and h i s  heart rate. Moreover, 
pilots seem readily t o  accept the idea of arousal. u i t h  regard t o  t h e i r  own 
experiences, The concept i s  a l s o  attractfve when associated w i t h  f l y i n g  as 
the re  i s  much evidence t h a t  underarousal has been present in the cockpi ts  
o f  publ i c  transport aircraft i n v ~ l v e d  i n  accidents - for instance, the DC-9 
acc ident  refered t o  above. Importantly, there i s  f ncreasing evidence that 
as the p i l o t  moves fu r ther  away from the "control loopm vi th  increasing 
automat ion ,  underarousal i s  more 1 i kely t o  occur. 

P i l o t  Workload as ' a  F l  ight Safety Issue 

Something 1 i ke 65% of all accidents to air carrjers occur during the 
approach and land ing ,  and for many years high levels; o f  workload were 
identified as important  contr ibuting f a c t o r s .  Approaches i n  conditions o f  
reduced v i s i b i l  i t y  were considered t o  be part icular ly  demanding. The 
a v a i  labi 1 i t y  o f  improved autopilots and more accurate and re? iable 
instrument 1 anding systems led to the development o f  automatic 1 anding 
techniques which reduced p j l o t  workload sfgni f icant ly ,  as we1 1 as improving 
1 andi ng performance. A1 though t h e ' f i r s t  fu l ly  automatic 1 anding was made 
by an aircraft o f  the 31 ind Landing Experimental U n i t  I n  1948, development 
continued afterwards for mra Ehan two decades. 

Assessment o f  workl oad, using 'heart r a t e  t o  complement subjectjve 
report ing, was f i r s t  carried out a t  the Royal A i rc ra f t  Establishment a t  ' 

Bedford i n  1969 during automat ic  landing tr ia ls  using a Comet f o u r - j e t  
a i r 1  iner .  Heart  r a t e  l eve ls  supported p i l o t  opinions tha t  the workl oad 
during autolands was .substantially less Ehan during manual approaches and 
landings - as might bs expected ( f i g  2).  An unexpected f lndlng was that 
h e a r t  r a t e  responses f o r  autolands I n  fog (RVRs of less than 300m3 ( f i g  



2-F) were generally lower than for autolands i n  clear weather (fig 2-c). 
The fewer visual cues to process in fog, and the resulting lower workload, 
being reflected by lower responses. 

Of some concern at the time was emerging evidence that increasing 
familiarity with autolands in fog might be accompanied by underaro~sal and, 
perhaps, by an element o f  complacency. This observation was reinforced six 
years later during the fl ight evaluation of manual landings in fog using a 
'fail. passive' autopilot system instead of the more usual 'fail 
operational ' autoland system (4). The technique consisted of coupled 
approaches to a decision height of 60ft (for a BAC 1-11) at which time if 
%he runway 1 ights were seen the decision was taken to disconnect the 
autopilot for a manual landing. At first, pilot's heart rates increased as 
decision height was neared in preparation for taking control (fig 3); but 
after experiencing several flights in fog some of the pilots displayed a 
tendency for their heat rates to remain relatively steady - increasing only 
for the hand-flown landing. This reduced response was interpreted as 
indicating an insufficient level of arousal and preparedness, where the 
failure to respond rapidly to the unexpected could be critical. Following 
discussions with the pilots they consciously increased their arousal, in 
preperation for possible ma1 functions, by increasing their instrument scan. 
This increase in arousal was indicated by an appropriate increase in heart 
rate. 

This example illustrates the importance of assessing workload during the 
evaluation of new techniques; and of the way in which pilots, on being made 
aware of possible deficiencies, can overcome them by modifying their 
attitudes to the task. 

The issue of underload, underarousal, and complacency was high1 ighted some 
years later during an airline study to compare levels of workload 
experienced in the new technology Boeing 767 with those experienced in the . 
older Boeing 737 (5). This study, which comnenced in 1984, was designed to 
assess the effects on workload of increasing automation, and to demonstrate 
that levels of workload were quite compatible with two pilot operation. 
Volunteer line pilots were monitored on the 8737 and then on the B767 
following conversion and experience on type. Workload ratings by the pilot 
and by a flight observer seated in the flight deck (using the Bedford 
ten-point scale), together with the pilot's heart rate were recorded 
primarily during high workload phases of flight, like the take-off and 
initial climb, and the approach and landing; For example, in figure 4 the 
advantages of an improved autopilot that can be engaged shortly after 
take-off, and of an autothrottle system, can be seen in the reduced 
workload for the 8767, compared with that for the 8737, during instrument 
departures from the same airport by the same pilot. Observations and 
recordings at random during the cruise allowed comparison of workload 
levels at re1 atively undemanding times. 

Personal observation, anecdotal evidence from pilots, and experimental data 
suggest that in the 767 - with its sophisticated flight management system - 
an element of underarousal, and possibly complacency, may occur in the 
cruise, especially at night; this'is perhaps not surprising when the 
demands of the flight task are quite low. Several pilots have admitted 
that when in the monitoring role they are more easily distracted by 
re1 atively unimportant matters. 

There is also some evidence that a degree of underarousal. may occasionally 
be present during autolands. Figure 5 illustrates the different workload 
levels experienced during hand-flown flight director approach and 1 andings 
and during autolands. (Note - heart rate responses are idiosyncratic and 
thus levels can only be compared for the same pilot - not between pilots). 
It is suggested that the heart rate response for the autoland flown by 



Captain A is lower than expected possibly reflecting an inappropriately low 
level o f  arousal, whereas the response for Captain B is more usual. such 
findings seem to be more likely when a pilot has carried out a'large number 
of automatic landings and has become quite familiar with the technique. 

~t must be prudent for a pilot to be prepared for a rapid take - over from 
the autopilot during every auto1 and. This preparedness, analogous to a - 'warm up' period, is important when changing from a passive monitor to an 
active, controller. 

Automatic complacency is not new, it has occurred in earlier generation 
aircraft with less advanced systems. In 1972, in a well publicised 
accident, a Lockheed 1011 Tristar descended into the Florida Everglades 
when the autopilot disengaged whilst the aircraft was orbiting. The crew 
were pre-occupied with a ma1 function and failed to monitor the aircraft's 
flight path. And, in 1979, a DC-I0 whilst climbing to cruise altitude 
stalled and lost 10,000 ft before recovery was effected. The flight crew 
had failed to notice that the autopilot was in the 'rate of climb' mode 
instead o f  the 'airspeed' mode. 

The greater use o f  automation with the possibility of underload, 
underarousal, and complacency is of increasing concern. Although the 
possibility of this occurring in flight was identified during flight trials 
more than fifteen years ago, it is only within the past five years or so, 
since the introduction o f  aircraft with new technology flight decks, that 
operators have made any effort to address the problem. 

Good fl ight deck discipl ine, well designed operating procedures, 
appropriate training, and a general awareness by pilots o f  the dangers 
associated with underarousal are important in minimising this problem. In 
this respect, the operator has an obvious role to play. 

As mentioned above, an increasing number of people argue that workload, 
although different, may actually be increased by automation, with a 
consequent reduction in safety. It is pointed out that this increase is 
particularly 1 i kely during in-flight failures and emergencies - such as 
with the recent 8737-400 accident at East Midlands. And again, it is being 
suggested that a third person is still needed in the cockpit. In view of 
these comments, it was decided in 1987 to extend the airline study to 
examine the effects of abnormal flight on workload in a 8767 simulator(6). 

The suitability of the simulator was first demonstrated by obtaining 
similar workload ratings and heart rate responses from pilots flying normal 
departures and arrivals in both aircraft and simulator. An example is 
shown in figure 6. The study is still in progress and levels o f  workload 
experienced during a wide range of failures and emergencies are being 
assessed in a number of pilots, both as 'pilot flying' (PF) and as pilot 
not flying (PNF). Figure 7 .shows the heart rate responses and workload 
ratings for an engine failure with separation from the aircraft causing 
damage to the flaps, and for the subsequent single-engine approach and 
landing at a higher than normal reference speed. To date, workload rat;ngs 
and heart rate responses have indicated that levels of workload are well 

' within accepted limits. 

Prior to certification the aircraft manufacturer has to demonstrate that 
levels o f  workload, during normal and abnormal flight, are reasonable. 
But, as is often pointed out, evaluation teams usually consist of test 
pilots and airline management pilots, and therefore may not be truly 
representative. This study, using line pilots, may add some support for 
the manufacturers certification programme - see below. Of course, a flight 
simulator is not a real aeroplane and, no matter how good, it cannot 
reproduce all the factors involved in flying. For instance, it has been 



suggested many t imes  t h a t  h e a r t  r a t e  responses I n  a  s i m u l a t o r  w i l l  n o t  be 
as h i g h  because o f  t h e  absence of danger. However, t h e r e  i s  good ev idence 
t o  show t h a t  i n  most p r o f e s s i o n a l  p i l o t s  inc reased  r i s k  i s  n o t  r f a c t o r  i n  
m o d u l a t i n g  h e a r t  r a t e  i n  f l i g h t  ( 7 ) .  The impor tan t  f a c t o r s  I n  o b t a i n i n g  
r e a l  i s t i c  responses and r a t i n g s  i n  s i m u l a t i o n  a r e  t h e  f i d e l i t y  o f  t h e  
s i m u l a t o r  i t s e l f  and t h e  r e a l i s m  o f  t h e  f l i g h t  scenar ios.  

It shou ld  be p o s s i b l e  f o r  many opera to rs  t o  c a r r y  o u t  t h e i r  own c r i t i c a l  
e v a l u a t i o n  o f  crew work load  and c o - o r d i n a t i o n  u s i n g  a  f l i g h t  s i m u l a t o r  and 
a p p r o p r i a t e  scenar ios.  T h i s  t y p e  of study, which would f i t  n e a t l y  i n t o  a  
C o c k p i t  Resource Management programme u s i n g  LOFT, c o u l d  w e l l  l e a d  t o  b e t t e r  
o p e r a t i n g  procedures and t o  an improved t r a i n i n g  p r o t o c o l .  

C e r t i f i c a t i o n  o f  A i r c r a f t  f o r  Crew Complement 

F o l l o w i n g  a  long,  and sometimes acrimonious, debate between p i l o t ' s  un ions  
on t h e  one hand, and o p e r a t o r s  and manufacturers on t h e  o t h e r ,  on whether 
passenger t r a n s p o r t  a i r c r a f t  can be f lown s a f e l y  by two p i l o t s ,  P r e s i d e n t  
Reagan e s t a b l i s h e d  a  Task Force t o  examine t h e  ques t ion  i m p a r t i a l l y .  The 
P r e s i d e n t ' s  Task Force on A i r c r a f t  Crew Complement r e p o r t e d  i n  J u l y  1981 
( 8 ) ,  and i d e n t i f i e d  f l i g h t  deck workload as an impor tan t  i ssue .  I t 
subsequent ly  became necessary f o r  manufacturers t o  assess work load  d u r i n g  
a i r c r a f t  c e r t i f i c a t i o n  i n  o r d e r  t o  s a t i s f y  t h e  requi rements o f  FAR 25.1523 
and Appendix D, r e g a r d i n g  crew complement. 

B r i t i s h  Aerospace e l e c t e d  t o  demonstrate compliance w i t h  t h e  requ i rements  
d u r i n g  t h e  c e r t i f i c a t i o n  o f  t h e  t w o - p i l o t  BAe 146 by means o f  a 
m i n i - a i r l i n e  exerc ise .  I n  1982 th ree  teams o f  two p i l o t s  each f l e w  
consecu t i ve  th ree-day  i n t e n s i v e  f l i g h t  sckedul es around a  c i r c u i t  o f  t h r e e  
m a j o r  h i g h  i n t e n s i t y  a i r p o r t s :  London - Heathrow, P a r i s  - Char les de 
Gau l le ,  and Amsterdam - Sch ipho l .  Crew d u t y  hours were s u b s t a n t i a l l y  i n  
excess o f  those a l lowed by t h e  CAA f o r  passenger f l i g h t s .  P i l o t  workload. 
was assessed by means o f  s u b j e c t i v e  est imates from b o t h  p i l o t s  and f rom a  
f l i g h t  observer seated i n  t h e  f l i g h t  deck (us ing  t h e  Bedford Scale and a  
p o s t - f l  i g h t  q u e s t i o n n a i r e ) ,  and by r e c o r d i n g  t h e  p i l o t s  h e a r t  r a t e s .  
F l  i g h t  deck a c t i v i t y  and performance, i n c l u d i n g  e r r o r  counts,  were 
mon i to red  by v ideo  cameras s i t e d  i n  t h e  f l i g h t  deck. 

The f i r s t  day o f  each crew schedule cons is ted  o f  normal - a l b e i t  i n t e n s e  - 
o p e r a t i o n s ,  on t h e  second and t h i r d  days v a r i o u s  f a i l u r e s  and emergencies 
were ' i n j e c t e d '  i n t o  t h e  o p e r a t i o n .  Hear t  r a t e  was recorded  c o n t i n u o u s l y  
f r o m  before engine s t a r t - u p  t o  a f t e r  engine shut-down; s u b j e c t i v e  r a t i n g s  
were requested accord ing  t o  a '  pre-determined p lan,  be ing more f requen t  
d u r i n g  t h e  p r e d i c t e d  h i g h  work load phases o f  f l i g h t .  

S u b j e c t i v e  data and h e a r t .  r a t e s  showed good agreement and demonstrated 
c l e a r l y  t h a t  t h e  BAe 146 can be operated s a f e l y  w i t h  a complement o f  two 
p i l o t s ;  f i g u r e  8  i s  an example o f  mean h e a r t  r a t e s  and work load r a t i n g s .  
Video record ings  n o t  o n l y  proved t h a t  performance was adequate b u t  a l s o  
conf  i rmed t h a t ,  i n  genera l  , o p e r a t i n g  pr0cedure.s and crew c o - o r d i n a t i o n  
were s a t i s f a c t o r y .  

F l  i g h t  e v a l u a t i o n  f o r  t h e  purpose o f  c e r t i f i c a t i o n  w i l l  o f t e n  p r o v i d e  
v a l u a b l e  p r a c t i c a l  d a t a  t h a t  can be used i n  t h e  c o n s t r u c t i o n  o f  
manufacturers recommended o p e r a t i n g  procedures. However, these  procedures 
a r e  n o t  n e c e s s a r i l y  a p p r o p r i a t e  f o r  t h e  i n d i v i d u a l  o p e r a t o r  because o f  
d i f f e r i n g  o p e r a t i n g  p h i l o s o p h i e s  and c u l t u r e s .  Local  m o d i f i c a t i o n s  o r  
' f i n e - t u n i n g '  may be o f  cons iderab le  b e n e f i t .  I n  t h i s  respec t ,  a d d i t i o n a l  
i n f o r m a t i o n  based on t h e  r e s u l t s  from manufacturers f l i g h t  t r i a l s ,  may be 
o f  use t o  opera to rs . .  



Workload Distribution 

Most research into pilot workload to-date has been directed towayds the 
operating pilot or pilot flying (PF), rather than towards the non-operating 
pilot or pilot not flying (PNF). But it is important also to assess the 
levels of workload experienced 'by the PNF and, in particular, how the 
distribution o f  workload between two pilots can be influenced by different 
operating procedures and by abnormal situations. In the case of the PNF, 
who is most unlikely to have to take control of the aircraft, heart rate is 
o f  less value and one therefore has to rely more on subjective estimates of 
work1 oad . 
In the airline study referred to above, several pilots have been monitored 
as PF and as PNF during normal flight and during emergencies with some 
interesting results. For example, the workload o f  the PNF during some 
flight tasks may be increased by the level of automation that reduces the 
workload for the PF. A hand flown flight director standard departure in 
the B767 generates a lower workload for the PF than in the 8737, but the 
workload for the PNF is increased by having to make frequent selections to 
the Flight Director System - resulting in ratings of 4 - 41/2, compared 
with 3 - 3l/2 for the B737, figure 9. This change is particularly evident 
during emergencies such as an engine failure (figure 10) when automation 
reduces the workload of the PF significantly, while increasing that of the 
PNF because o f  the number of items to be addressed. In an emergency the 
captain may elect to take control so that, with a lower level of workload 
than thdt of the PNF, he would have more time for appropriate decision . 
making. 

Discussion 

The examples presented above have been selected specifically to illustrate 
a number of flight safety issues that are associated with human factors. 
It is intended that they provide 'real world' points for discussion, not to 
form a comprehensive list. The research engineer, the manufacturer, and 
particularly the operator need to be aware of such issues and be prepared 
to take appropriate actions where necessary to maintain high levels of . 
safety. 

The assessment o f  workload during routine airline passenger flights in 
Britannia Airways Boeing 737 aircraft was started in 1977 as an extension 
of the Royal Aircraft Establishment Bedford flight trials. The study 
generated much interest within the airline and many pilots expressed a wish 
to participate. This level of interest, which has been maintained through 
to the current assessment of workload during abnormal flight, has been 
invaluable in generating a large number of conversations 'in confidence' 
with pilots about their own operational experiences. Much of this 
information, in a non-identifiable format, has been o f  considerable use in 
discussions with management pilots. 

Obviously, most commercial operators cannot be involved in research. An 
airline study of the type described here must be quite unusual. 
Nevertheless, the results o f  'real world' studies involving line pilots 
during routine operations can be communicated easily t o  non-participating 
pilots. The ability to associate their own experiences with data obtained 
from 'experimental subjects' would seem to add credibility to those data. 
In addition, operators can encourage regular discussion and 'feed back' 
from their own pilots which, with their own analysis o f  occurrences and 
incidents, might well lead to a re-evaluation of operating practices and 
training programmes. 



A designated Flight Safety Officer (FSO) should have responsibility for 
co-ordinating activites within an operating company. As well as being a 
pilot he should have some training in safety, attend appropriate seminars 
(such as those organised by the Flight Safety Foundation) and publish a 
company journal on safety matters. Relevant information should be readily 
available for all flight crew. 

Finally, it must be appropriate, from the point of view of flight safety, 
for operators to remind their flight crews periodically of the various 
medical and medically-related factors that can influence their performance. 
This can be accomplished most readily by articles in the company flight 
safety journal, and by the occasional presentation during refresher 
training. 

The subject of pilot fatigue is always of concern and operators are 
responsible for ensuring that rosters comply with legal ,requirements. It 
is also good practice occasionally to remind rostering personnel of the 
factors involved in contributing to tiredness and fatigue, and to under1 ine 
the benefits of a reasonably stable roster. 
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task, the e f for t  expended on addi t ional  ' tasks  must be 
included as part o f  his 'spare capacl ty. '  
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Figure 2 Mean hear t  rates (30s) for manual landings, and 
for auto? ands I n  bog and i n  clear weather. HS Comet. 
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F igure  3 B e a t - t o - b e a t  h e a r t  r a t e s  and workload r a t i n g s  
(WLR) f o r  one p i l o t  recorded dur ing  t h e  same experimental 
f l i g h t  i n  fog (RVR 190111). BAC 1-11. Upper t r a c e  a u t o p i l o t  
approach and manual l and ing .  Lower t r a c e  - au to land .  
L - Lights  s e e n ,  DH - d e c i s i o n  h e i g h t ,  TD - touchdown. 
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Figure 4 comparison' of  h e a r t  r a t e  responses (bea t - to - .bea t )  
and workload r a t i n g s  f o r  s tandard  instrument  d e p a r t u r e s  from 
t h e  same a i r p o r t  8737 and 6767. 
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Figure 7 Engine failure on take-off (*) and single-engine 
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Figure 8 Plots of man heart rate responses (30 sec) and of 
workload ratings from the handling pilot and flight observer 
- BAE 146. 
A - Take-off and departure from Hatfield. 
B - Approach and landing at Amsterdam. 
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INTRODUCTION 

The development of the microprocessors of the 1970 decade brought to transport 
aircraft a new era of cockpit automation, and the opportunity for safe, 
fuel-efficient, computer directed flight. It also brought a host of problems, 
not due to equipment failure, as the new devices proved to be highly reliable, 
but due to problems at the human-automation interface. The automation also 
offered the promise of conserving that one irreplaceable asset, air space, by 
permitting more precise maneuvering of the aircraft. However, the capabilities 
of the aircraft far outstripped those of the ground-based air traffic control 
(ATC) system, so many of the promised economies in fuel, crew time, and air 
space have not been realized. 

The development of the advanced automation was coincidental with, and to some 
degree responsible for, the acceptance of the two-pilot crew, even for wide 
body aircraft, since much of the evaluation of the new cockpits has been based 
on a presumed workload reduction. 

The introduction of the advanced technology cockpit was based on three major 
assumptions: 

1. A reduction of workload, enabling the two-pilot crew even on wide-body 
jets and transoceanic operations. 

2 .  A reduction in human error, by replacing human functioning with seemingly 
infallible machine functioning. 

3 .  Uncritical acceptance of the equipment by the pilots. 

These assumptions were first questioned in a paper by Wiener and Curry'(1980), 
and later in their field studies (Curry, 1985; Wiener, 1985b, 1989b) of 
airline crews flying advanced aircraft. Chambers and Nagel (1985) have 
examined the role of the pilot (versus the computer) in the future cockpit. 

The thrust today, on the part of researchers, manufacturers, regulatory 
personnel, and operators should be to soJve the problems occurring at the 
human interface. It is no longer a question of whether cockpit automation is 
a good thing; it is here to stay, and every effort should be made to overcome 
the problems. The author is optimistic that this can be done, but only after 
a recognition that the current generation of automation has not lived up to 
its promises (Wiener, 1985a, 1988). 

In this paper the author will outline some of the problems, both in the 
equipment and in the environment in which it operates, and then discuss 
training for automatic flight. A discussion of approaches to error reduction 



and management Car l  be found in Wiener ( 1989a) . General guide1 ines for ' 

automation by Wiener: and Curry (1980) a r e  l i s t e d  in Appendix A .  Obviously 
these are only a beginning, and developmefit of more xef ined guidelines should 
be encouraged. , 

THE INTERFACE 

As in the introduction of any new technology, the mqdern cockpit solves a 
great many problems, but creates some as well. These problems are docmented 
in detail in the f i e l d  studies by Curry and by Wiener listed above. Suffice 
it to say that the p i l o t s  have found the devices somewhat difficult t o  
operate. They often require trial-and-error efforts to input the required 
solutions, and these impose heavy workload, of ren  at the very point in a 
flight where workload is already high. It is also easy to input erroneous 
data and have the computer accept  this and ac t  on it. As in any 
auto-navigational system, it is also poss ib le  to enter an erroneous waypaint 
that will lie dormant for hours and not be a factor until i t  becomes active. 

A t  the same time, the+advanced capability of t h e  map mode of the horizontal 
situation indicator ( H S I )  is an effective deterrent to errors. This feature 
is an example of w h a t  Wiener (1989a) has called an "error-evidentn system, not 
preventing an error, bur making i t  apparent t o  the p i l o t  so that it can be 
corrected. Pilots are enthusiastic about this display, and recognize ifs  
value t o  safety.  Those who have left the "glass cockpitH aircraft for more 
traditional models report that this is the feature they miss the m o s t .  

THE ENVIRONMENT 

One should not view an airl iner as if it operates in isolation from the rest 
of the warld, but must recognize the extent to which it is affected by the 
environment in which it operates. This includes obviously the ATC 
environment, but also the economic, the regulatory, and the company 
environment. Research poknts toward an interaction of each of these with 
automation in the cockpit. For a. further discussion of the influence on ATC 
on the operation of the "glass cockpit"  aircraft, see Wiener, 1989b. 
Chapter V .  

The ATC Environment 

First and most  obvious is the ATC environment. Note that the following 
comments apply only to ATC in the U . S .  I do no t  know the extent to which they 
apply to ATG systems in other parts of the world, but I would guess that the 
situation is no bezter elsewhere. The problem very simply is  that the current 
ATC system does not allow the exploitation of the remarkable capabilities of 
the modern aircraft, particularly LNAV,.%YAV, and speed control. If a crew 
has programmed an WAV and W A V  path and perhaps speeds and crossing 
restrictions, it i s  unlikely that they will be al lowed to f l y  it t o  
completion. Off-course vectoring, speed restrictions, and changes in 
preprogramed altitudes can cause the program to *go wt of the window", 
stripping the aircraft of its most valuable navigational assets., and possibly 
throwing the crew into a high workload in order to reprogram the changes. 





also result in sub-opeimal use of the more modern aircraft.  With ehe rapid 
movement o f  pilots between seats and the mixed fleets in today's airlines, 
this matter requires considerable thought. 

One of the 'most contraversial matters in company palicy is that of mixed 
f l ee t s  of traditional models and modern derivatives ( e . g .  the DC-9 and MD-80 
series; the B-737-100/200 and -300/400/500; the A-300-600 and A-310) .  
Although the FAA has ruled that somc,of these derivatives are essentially the 
same aircraft and can be operated w i t h  a common type rating, some airlines, 
encouraged by the pilots' unions in most cases, have chosen to "separate* the 
fleets, not allowing crews to fly both. Separation of the fleets may impose 
an economic burden to the airlines, which would l i k e  m a x i m  f l e x i b i l i t y  in 
assigning crews to aircraft, but it is generally regarded as a plus for 
safety, 

Finally the  company environment includes the documentary support provided to 
the f l i g h t  crew: f l i g h t  plans ,  weight and balance computations, weather, load 
advisories ete. Again the author would state that this is not model 
independent, but is mest critical in the automated aircraft. An example of a 
flight plan proyided ro the crew of a B-757 is given in Wiener (1989b, p. 
180). In this case, a waypoint was written on the flight plan as simply "CLB" 
(Carolina Beach), making it appear to be a VOR. Khen the pilots typed i t  in 
on the Route Page, they continued to obtain "not in database" error messages. 
The problem was that Carolina Beach is a non-directional beacon, and ta be 
consistent with the Flight Management Computer (FMC),  the f l i gh t  plan should 
have listed it as "CLBNBm. In summary, we recommend that all operators 
reexamine their checklists, procedures, and all documentation to make certain 
that they ar t  appropriate for the modern cockpit. 

n e  Reaulatorv EnVironment 

One cannot examine cockpit automation without confronting the regulatory 
environment and its effect on the conduct of training, flight, and quality 
control. The role  of the regulators begins with certffication of new aircraft 
and equipment. Unfortunately the human factors profession has not made a 
great impact in the world of certification. Under Part 25 of the FARs, huntan 
factors appears only in the demand that a workload study be made in order to 
evaluate the minimum crew size. The author feels  strongly that human factors 
should be a central technology in the certification of new aircraft, far 
beyond workload, particularly in the determination of error-resistant designs 
and procedures. For a general discussion of human error in aviation 
operations, see Nagel, 1988. 

The important question of a single type rating far derivatives of e a f i e r  
models is complex and difficult. Following the DC-9/ MD-80 series, the trend 
was toward a liberal granting of common type ratings. In the l a s t  two or 
three years, the trend has reversed and.x,the FAA has been less willing to treat 
a derivative as the same aircraft as its predecessor (e .g.  B-747-100/200/300 
versus the -400). In some cases there can be l i t t l e  argument about common 
type ratings Ce.g. B-7571767 and A-300-600/A-310) where the cockpits are 
essentially identical. As mentioned previously, even in those cases where a 
common type rating satisfies t h e  FAR requirements, it may no t  satisfy any 
part icular  a i r l ine ,  which can chose to treat derivatives as separate fleets. 



Finally, the regulators also influence the use of the modern aircraft in their 
examination-of crews, both in initial checkout and in biannual proficiency 
checks (PCs). Here the use/non-use controversy surfaces again. The question 
is whether the examiner should insist that a particular mode or automatic 
capability'be used, or should leave that to the pilot. This has caused some 
consternation among the pilot group, who feel that it is up to the examiner to 
assign and grade the maneuver, not to tell the pilot what equipment to use. 
Wiener (1989b) quotes a B-757 captain who told him, "In the past the FAA 
examiners were always turning equipment off; now they make me turn everything 
on." 

The Economic Environment 

The rapidly changing economic environment in the world's airlines, brought by 
deregulation, rapid expansion, mergers, and internationalization, impacts the 
utilization of automatic equipment. The extremely rapid expansion of traffic 
in the U.S., without a corresponding increase in airport or ATC capacity, is a 
problem for all aircraft, but there may also be special effects o the modern 

- aircraft. The effects involve high density traffic in an inadequate ATC 
system, extended operations over water with two-pilot crews, and the demand 
for expanded pilot training including inexperienced pilots (see below), and 
the incorporation of new equipment (TCAS, MLS, HUD; and Mode-S, for example). 
In short, the economic environment, which demands as never before that 
aircraft be operated efficiently and profitably, may amplify all of the other 
effects mentioned in this paper. 

TRAINING 

The question most often asked of the author is "What can you tell us about 
training for the high tech aircraft?" Unfortunately,my answer would have to' 
be "not much."The question expresses .a concern about the quality of training, 
and the fact that training is quickly becoming a runaway cost for the ' , 

airlines. The human factors profession has not examined the question, at 
least in the air transport environment. This is one place where military 
research is well ahead of the civilian world. My remarks will be confined to 
pilot t,raining, but no doubt the same is true of training maintenance 
personnel for the high tech models. 

The training problem can be summarized as follows: 

1. The automated aircraft is not merely a traditional aircraft with some 
extra "boxesn. It requires all of the old skills of airmanship and 
command, and many new ones as well. . This has nQt been well documented. 

2. The training courses for pilots transitioning to more highly automated 
models are considered arduous. Pilots complain about the amount of "book 
work" they must do at the end of an already stressful day, and overall the 
amount of information that is crammed into two weeks of ground school. 

3 .  Training devices have not kept pace with training demands. The emphasis 
has been on the development of high-cost, high-fidelity si~ulators with 
elaborate motion and visual systems. These are extremely effective 
training devices,but their capabilities are often under-utilized when used 



for ts&tining S k i l l s  <e .g .  elameatary CDU aperationsl that could be - 

assLgne,d TO less costly devices. A t  some airlines,cockplt pPocehres  
traiqers ( CPTs )' J e l s o  :called cockpit sys terns simuhatrrrs:) reiievs the 
sisnulatOrs of this load, but these &-vices are a l s ~  extremely expensive, 
and the- same codenr  may be ma(le about them: many o p e r a t i a s  could be 
assign& to part-task sirnulatars and less elabamte devices. 

TraditfdraI d & s $  room ('stand-up*] instructton has been largely replaced 
by aura-instructional devices. h s r  ef these employ audio tapes a d  color 
aiidss, vhieh are fairly effective Ear routine material, but axe 
essentially non- interacrive , except far occaeLoml1p a s k i ~  the  trainee a 
question. Piore elahrate &@vices amplay laser tiiisks with the potential 
f pr d ~ i e - l i k e  ayriade d-lspl ws . Tbe ~xamp1es rh+ author has seen have 
barn disappointing. They have been used merely t o  S ~ Q W  what are 
essentially computer-produced static 'ptctures, which are. l i t t l e  better 
than c~plar s l i d e s ,  rather than elrploi ti%- their potential for dynamics 
displays,pos$lbly ft-i conjunction with interactive: display-control systems. 
Saw touch Screen devLms are id .we,  and these Mfer the opportunity for 
a higher degree of trainee-system interattion (s.g. p r o g r d n g  a EBIJ), 
but mast axe drdvep by extremely limiced course ware, which 1s 
unresponsive ta most of tbs inputs a trainee might make, 

5 .  Current: pLlert contracts all~w rapid mmememt from seat to sear. This, 
combined with the! ragd expansion of airl ines,  with new equipmest a d  n e w  
rautds as well as ww hires,  is rroo resulting in aver-taxed training 
departants. The $ituat ion ~ a n  M l l Y  become mare 'wit ted in the years t o  
came. & can only hppe that new training technology will be developed ku 
help c ~ p e  with the problem. 

6. ks traditio-1, suurces Ci:g. the mtlitary serviced) of mew hiras crro~inue 
to dry up,  airltnes will af necessity h r n  to non-traditional sources. 
Already pbere are prablems arising from the depletion ~f the raalcs of the 
regional carriess due t.o the hiring pracriras of the -jar airlines, Soon 
the aiwlines in the U.S .  a d  elAsswhers will face the greatest peace- time 
training c k l l e n g e  in his tmy.  h e  of the potential sources of new hire 
p i l o t s  will be the ab in ik io  pilots, Low-time, i * ~ p ~ r i c n c ~ d  p i l o t s  
trained for airline seats. This system has worked q u i t e  s&ce%sfully fur 
years in Europs,,but~its training potential is only naw being recognized 
in the U. S . The impact of automatian f s that in the years ahead highly ' 
automatie aircraf E such as the EbD-87fB8, .B-737-400, and A-320  W i l l  be the 
law setl ioriy planes in many company's 'fleets, end very inexperienced 
, p i l o t s  w i l l  he placed into the right seats of ve'cy suphisticated air,czaft. 
'&.is is a s p a c m  challenge t o  traiang departments, and to the hman 
factors prof ass ton. 

CONCLUSIONS 
L 

Hodern coelcpit auEamatinn offers the airl ines  of the world the patentis1 for 
safe, efficient f l ight,  but there are a hast of problems with ~ h e  current 
models, as well as the environment in which they operate, which must be solved 
befsrre t k s i x  full potential c a ~  'be red ieed .  These prvblama will d.eteand the 
ingenuity a d  cooperation of the designers and manufacturers, che government. 
the airl ines ,  the pi lot .  groups, ana the world-wide human factozs research 
2ommuni.t~. 
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APPENDIX A . 

Automation Guidelines from Wiener and Curry (19801 

1. System operation should be easily interpretable or understandable by the 
operator, to facilitate the detection of improper ope'ration and t o  facil itate 
the diagnosis of malfunctions. 

2 .  Design the automatic system to perform the task the way the user wants it 
done (consistent wirh other constraints such as safety); this may require user 
control of certain parameters, such as system gains (see Principle No. 5). 
Many users of automated systems find chat the systems do not perform the 
function in the manner desired by the operator. For example, autopi lots ,  
especially elder designs, have too much "wing waggle" for passenger comfort 
when tracking ground based navigation stations. Thus, many airline pilots do 
not use this feature, even when t r a v e l i n g  coast- to-coast  on non-stop flights. 

3. Design the auromation to prevent peak levels of task demand from becoming 
excessive {this may vary from operator t o  operator). System monitoring is not 
only a legitimate, bur a necessary activity of the human operator; however, it 
generally takes second priority to other ,  event-driven tasks. Keeping task 
demand at reasonable levels  will ensure available time for monitoring. 

4 .  For most complex systems, it is very d i f f i c u l t  for the computer t o  sense 
when the task demazds on the operator are too high. Thus the operator must be 
trained and motivated,to use automation as an additional resource (i.e. as a 
he1 per) . 

5 .  Desires and needs for automation will vary with operators, and wit11 time - 
for any one operator. Allow for different operator "styles" (choice of ' 

automation) when f e a s i b l e .  

6. Ensure that overall  system performance w i l l  be insensitive to different 
options, or s t y l e s  of operation. Far example, the pilot may choose to have 
the autopi lot  either fly pi lo t - se lec ted  headings or track ground-based 
navigation stations. 

7 .  Provide a means f o r  checking the set-up and information input t o  automatic 
systems. Many automatic system failures have been and w i l l  continue to be due 
to set-up error, rather than hardware fai lures .  The automatic system itself  
can check soak of the set-up, but independent error-checking 
equipment/procedures should be provided when appropriate. 

8 .  Extensive training is required for operators working with automated 
equipment, n o t  o n l y  to ensure proper operation and set-up, but to impart a 
knowledge of correct aperation (for anomaly detection) and malfunction 
procedures {for diagnosis and treatment). 



monitor in^ Tasks 

9. Operators should be trained, motivated, and evaluated to monitor 
effectively. 

10. If automation reduces task demands to low levels, provide meaningful 
duties to maintain operator involvement and resistance to distraction. Many 
others have recommended adding tasks, but it is extremely important that any 
additional duties be meaningful (not "make-work") and directed toward the 
primary task itself. 

11. Keep false alarm rates within acceptable limits (recognize the behavioral 
impact of excessive false alarms). 

12. Alarms with more than one mode, or more than one condition that can 
trigger the alarm for a mode, must clearly indicate which condition is 
responsible for the alarm display. 

13. When response time is not critical, most operators will attempt to check 
the validity of the alarm. Provide information in a proper format for that 
this validity check can be made quickly and accurately and not become a source 
of distraction. Also provide the operator with information and controls to 
diagnose the automatic system and warning system operation. Some of these 
should be easy, quick checks of sensors and indicators (such as the familiar 
"press to test" for light bulbs); larger systems may require logic .tests. 

14. The format of the alarm should indicate the degree of emergency. 
Multiple levels of urgency of the same condition may be beneficial. 

15. Devise training techniques and possible training hardware (including 
part- and whole-task simulators) to ensure that flight-crews are exposed to 
all forms of alerts and to many of the possible conditions of alerts, and that 
they understand how to deal with them. 



HUMAN IMPACTS OF ADVANCED AIR TRAFFIC CONTROL SYSTEMS 

Ronald E.' Morgan 
Federal Avlation Administration 

Air Traffic Plans and Requirements Service 

The Federal Aviation ~dministration (FAA) is carrying out 
numerous simultaneous activities 'guided by the National Airspace 
System Plan to design and acquire new air traffic control 
subsystems. More highly automated equipment is being introduced 
to increase capabilities for performing diverse functions, 
including: 

- aircraft surveillance 

- ground/ground and ground/air communications 

- operational data processing, transmission, and display 
- tactical traffic separation 
- strategic traffic management 

This paper is an overview of what FAA is doing to ensure that 
these advanced systems effectively support the air traffic 
controllers who will use them. In preparing for these system 
advances, the Air Traffic services are especially concerned with 
the following goals: 

- to preclude significant human factors problems 

- to ensure operational effectiveness and suitability 
- to foster smooth transitions during implementation 

Successive sections of this paper address the following topics: 

1. the systems that are setting the pace 

2. assessment of controller impacts- 

3. projection of personnel resirements 

, 4. controller training to augment system benefits 

1. SYSTEMS TKAT ARE SETTING THE PACE 
Among the near term system developments that are driving our 
investment- of resources, the following stand out. They are the 
most complex of the advanced systems, and will have substantial 
operational and human impacts.. 'The innovations that the systems 
will introduce are briefly itemized here. 



1.1 Initial Sector Suite svstem - first site bv 1993 

a. New computer consoles at Air Route Traffic Control 
Centers equipped with: 

- Partitionable radar situation display 
screens, capable of displaying various kinds 
of data, including flight plans 

- Electronic tabular display and manipulation 
of flight data 

- Auxilliary electronic display for maps, charts, 
and other static information 

- Message and data entry, as well as flight 
data notation, via keyboard and slew ball; no 
pencil entries 

- Touch entry of voice communication channels 
and functions 

1.2 Initial Data Link services - svstemwide bv 1994 
a. Digital communication of the following kinds of air 

traffic control information: 

- transfer of communications frequency 
- altitude assignment, 
- stored ATC messages 
- typed ATC messages 

1.3 Terminal Advanced ~utomation Svstem - first site by 1995 
a. Terminal Radar ~pproach Control facilities'relocated to 

a-ir :route: traffic control -centers, where -approach .and -- departure. 
control-- will be c o n d u c t e d . ~ ~ u s i n g ~ I n i t i a . l  Sector suite -system - . 

..-.: - consoles ;.--. these consolidated:..centers will be call-ed. area control 
facilities . -  - . .- 

1.4 Tower control com~uter-Com~lex - first site by 1995 
. - .-a. ~nitial Sector Suite System consoles and software 
modified for use in the space-limited, brightly illuminated (by 
day) tower cab environment 



1.5 Automated En Route Air Traffic Control - first site by 1998 
a. ~utomatically predict flight conflicts at least 20 

minutes into the future and generate ranked resolutions for: 

- aircraft-to-aircraft conflicts 

- aircraft-to-airspace conflicts 

- aircraft-to-flow instructions conflicts 
b. Accommodate pilot-preferred routes of flight and, even in 

heavy traffic, provide: 

- conflict free direct routing 

- timely response to .re-route requests 
c. Extensive digital transmission of controller-approved 

control information to pilots or other controllers 

2. ASSESSKEWT ,OF CONTROLLER IMPACTS 
Various activities are under way to assess controller impacts -- 
nore specifically, effects related to workload and performance. 
The activities involve collaboration among FAA offices that have 
different functions and different'kinds of expertise. The work 
is truly multidisciplinary. 

2.1 ~dentifv Adverse Desiqn Features Early 
The earlier problems are detected and corrected during design of 
a subsysten, the better -- especially if the problems are 
identified by the operational personnel who will eventually use 
the equipment. Experienced air traffic controllers from 
different field facilities are thus serving on a number of teams 
that periodically evaluate equipment while it is being designed 
and developed. These.teams are supported by technical 
professionals in other disciplines. 

2.2 Strenathen Test and s valuation Process 
Desp.ite the .increased participation of operational personnel in 
subsystem design, opportunities still exist-for developiiig 
features that have operational-or human factor deficiencies. The 
FAA test and evaluation program addresses this possibility. 

The Test and Evaluation Program OrZer (1810.4A) has been revised 
by persons from FAA's developmental and operational services, and 
is nearly -ready for approval revieu. It specifically indicates, 
in addition to other matters, how the operational services shall 
participate actively in each step of the test and evaluation 
process for each major subsystem acquired into the National 
Airspace System. 
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Test and evaluation processes axe also monitored and eontroPled 
by a recently strengthened Test Policy and Planning Review Board 
[TPRB) of service directors. These o f f i c i a l s  represent the 
services that develop the systems as w e l l  as the services that 
eventually use them. 

2.3 Obtain Controller Feedback 
A f t e r  t h e  advanced systems become operational, the psychoEogists 
of FAA's civi l  Aeromedical , I n s t i t u t e  w i l l  apply i n t e r v i e w  and 
sumey methods to identify problems and concerns of operational 
personne l ,  as well as overall employee s a t i s f a c t i o n  within the 
more automated environments. Assessments w i l l  also be applied 
r o u t i n e l y  within the operational services themselves. 

2 . 4  Simulate ~ l t e r n a t i v e  Eauipment ~ o n f  i gu ra t ions  . 
The FAA Technical Center is expanding its cadre of human factors  
professionals in response to more numerous human fac tors  
i n i t i a t i v e s .  Also, the Center is expanding its laboratory 
capabilities to include a Human Factors Laboratory. This will be 
used f o r  rapid pro to typ ing  af alternative automation 
configurations for evaluation v i a  real t i m e  a i r  traffic 
simulation. 

2 . 5  Real Time Simulation of Automated Air Traffic Control  
Rands-on access to a prototype of t h e  Automated En Route A i r  
Traffic Cont ro l  (AERA) 2 subsystem has been provided controPPers 
fo r  several years during its design. Specifications from that 
effort will soon be used to build a realistic simulation of that 
system at t h e  FAA Technical Center. This real time air traffic 
sirnulation w i l l  permit operational evaluation of the AEaA 2 
concept not only by con t ro l l e r s ,  but also  by human factors 
engineers,  psychologists, t ra in ing  experts, and computer 
scientists, 

2.6 E x ~ a n d  controller Memom Research 
Diverse inpacts on controller m e m o r y  and cognitive functioning 
may be expected when the Automated En Route A i r  T r a f f i c  Control 
( A E m  2 )  subsystem is introduced. Due to the greatly increased 
automation assistance provided controllers in detecting and 
resolving aircraft conflicts, and in communicating. with p i l o t s  
and-other controllers, the-controller's mental. picture of t h e -  - 
t ra f f ic  situation could change-profoundly. The controllZr will, 
nonetheless, retain responsibility for operations under his or 
her jur isdict ion,  and automation-must be compztible with 
r e t e n t i o n  of these respodsibilities. 

What does a controller have to know, and h c w  will that knowledge 
be assured when it is needed? What automation aids w i l l  be 
needed to augment the  controllerqs perception, comprehension, and 
memory in more highly automated sectors? These questions have 
been -added to those already being studied by the FAA Technical 



Center for the  A i r  Surgeon, in research to avert errors due to 
controller memory l apses  i n  today's sectors, 

2.7 Expand'Controller Workload Measurement and ~nalvsis 
Reduct ion of observable physical actions and voice communications 
by controllers, due to increased- automation,  could convey the 
impression that workload is reduced. Nonetheless, increased 
sector automation is also expected to permit increases in sector 
airspace volume, sector traffic flow complexity, and sector 
t r a f f i c  load. There  is a definite need to estimate actual 
controller workload, much of which nzy occur covertly as mental 
activities. 

A new project  is being formed by FA4 to develop, validate, and 
apply workload measurement methods, starting w i t h  today's system 
as baseline, and evolving towards f u t u r e  Advanced Automation 
System con tex t s .  

2 . 8  Expand Radar Disalav Scannina  Research 
The Initizl Sector  Suite System workstations w i l l  c o n s i s t  of one 
to three display consoles. Various kinds of information, 
dynamically changing or static, w i l l  be presented on these 
flexibly configured displays. Display contents w i l l  be in color,  
but i n f  o rne t ion  v i l l  also be highlighted using monochrome 
techniques. bie should evaluate  impzcts of these capabilities on 
controllers1 behzvior  in scanning d i s p l a y s  to v i s u a l l y  acquire 
informat ion.  Scanning of multiple displays w i l l  be added to 
existing research on rzdar scanning. 

Present scanning research, at t h e  FPA Technical Center, is 
adapting oculometry techniques to track, -record, and analyze 
cont ro l le r  radar fixations. One g o d  is to better understand how 
controllers' radar scanning relates to near mid-air llcollisionsu 
and operational errors. Radar scznning  research will, of course ,  
be re levant  even to advanced autonzt ion (i.e., AERA 2 )  sectors, 
because operational i n c i d e n t s  will still be possible .  B u t  there, 
displayed i n f o m a t i o n  w i l l  be d i f f e r e n t  than in today's sectors, 
and controllers1 scan patterns are Likely to change accordingly. 

2.9 Develoa Sector  Desicn A n a l ~ s i s  Tool + 

The Autornzted En Route A i r  T r a f f i c  Control  (AERA) 2 subsystem is 
expected .to p e r n i t  more aircraft-to f l y  pilot preferred routes. * +  

Increasing t h e  number of aircraft  an preferred routes could 
significantly compliczte t r a f f i c  flo-4 p a t t e r n s  through a sector's 
airspace. Automation will, of course, enable the~controller'to 
handle  higher complexity levels. E o ~ e v e r ,  recent a n a l y s i s  work 
by the  office of A i r  T r a f f i c  Systen Effectiveness has shown t h a t  
o p e r a t i o n a l  errors are more likely in en r o u t e  sectors that have 
mare complex traffic p e t t e r n s .  

That work has led to a project ,  conducted by t h e  FAA dffice of 
Operations Research, to develop autonated support for. airspace 



designers -- a Sector Design Analysis Tool. The goal is to 
enable sector designers to pesforn fast-time simulation analyses 
of a l te rna t ive  configurations, to compare their effects on 
contruller~workload and t h e  probability 'of traffic conflicts. 

3.0 PROJECTION OF PERSONNEL REQUXREKFWS 
O t h e r  anticipated impacts of the advanced air traffic control 
systems may be classified as human resource management concerns. 
They relate to how the work w i l l  change, haw jobs should be 
structured, and what knowledge, skills, and a b i l i t i e s  employees 
will need. Such human resource questions are, perhaps 
surprisingly, s t r o n g l y  linked to bunan factors cons idera t ions  -- 
methods and variables relating to workload and performance, H e r e  
too, Fmls e f f o r t s  are multidisciplinary, and i nvo lve  a 
partnership among different organizational elements. 

3.1 Estimate Facilitv Staffinu R e m i r e m e n t s  
Implementation of the  National Airspace System Plan at a i r  
traffic f a c i l i t i e s  is expected to bring w i t h  it increased 
productivity -- capacity f o r  more efficient handling af more 
t r a f f i c .  Thus, eventual staffing i spacts ,  consisting of 
reductions in required h i r i n g  rates, are ant ic ipated ,  The F U a s  
O f f i c e  of Human Resource Development, working with other offices, 
is systenatidally estimating the controller workload implications 
of various f u t u r e  combinations of zdvanced systens. These are 
being translated i n t o  estimates of sector and facility staffing 
requirements. 

~ltbough automation may permit  eventual  decreases in staffing 
rates, t r a n s i t i o n  to the new systeas can impose needs f o r  
temporary increases in s t a f f i n g ,  The increases would accommodate 
installation of t h e  neu equipment, simul.taneous operat ion of old 
and new equipment, and t r a i n i n g  of opera t iona l  personnel .  
E s t i m a t e s  are being mede of t h e  A i r  Traffic controllers and 
Airway Facilities maintenance personnel  needed Guring t r a n s i t i o n s  
to different subsystens. 

How does FAFa gauge these requirements f o r  systens that have not 
yet been experienced? We have been relying on the  accumulated 
experience of persons who previously performed analogous 
i n s t a l l a t i o n s  . A major part. of t h e  analysis effort has been 
performed through workshops a t t e n d ~ d  by persons from various 
organizations. Initizted by t h e  Ncrthwest Mountain Region, where 
many system installations will occzr first ,  t h e  a n a l y s i s  of' 
transition21 s t a f f i n g  requirements is cont inu ing  at FAA 
headquarters under the office of Euman Resource Development, the 
Transi t ion  Service, and A i r  Traffic. 

3 . 2  Model Area Control F a c i l i t y  Variables 
Future consolidation of t e rmina l  (TRACON) operations and eh route 
opera t ions  w i t h i n  Area ~ontrol.Facilities -- equipped with the  
Initial Sector Suite  System and other automated subsyskems - - is 



expected to bring many benefits. To precisely define such large 
facilities, the FAA believes research is needed that estimates 
how large and complex they might be and still allow personnel to 
effectively perform required operational and administratiire 
functions. A model development effort is being sponsored by Air 
Traffic to analyze the relationships between, and the limiting 
values of-, variables that could significantly affect ACF 
structure and size. 

3.3 Studv Selection Procedures 
Increasing air traffic system autonation is expected to 
profoundly affect the controller's job and the definition of 
personal characteristics that are most favorable for the job. 
For nearly 30 years, the FAA Civil Aeromedical Institute has 
conducted research to identify the knowledges, skills, abilities, 
and other (KSAO) personal characteristics that are required to 
perform effectively as an air traffic controller. It will 
continue, now supporting the development of n'ew controller KSAO 
profiles for future advanced autonation contexts. 

3.4 Develo~ New Controller Selection Svstem 
The FAA Office of Personnel plans to develop a new method for 
selecting terminal and en route air traffic controllers. This , 

nethod must accommodate changes in controller jobs due to new 
subsystems, and be capable of generating quantitative predictions 
of on-the-job controller performance using that equipment. 

4.0 CONTROLLER TRAINING TO AUGMENT SYSTEM BENEFITS 
~aximizing the operational and productivity benefits of 
automation requires specialized, carefully designed training. 
Per subsystem, we need first to identify the functional 
capabilities of the automation. Second, we need to characterize 
the activities, both physical and nental, that controllers will 
perform using that equipment. Third, we need to apply that 
information in developing training that will affect controller 
performance within that context. These steps are being taken for 
each of the subsystems that will be delivered to the field via 
the National Airspace System Plan. 

Advanced training techniques will be used consistent with the 
training re-quirements.  raining ~dequacy for each new subsystem 
will be ensured by active participation of Air Traffic services 
in the associated requirements specification, design review, and 
follow-up evaluation processes. Additional assurance that 
training methods meet agency and workforce needs will come via 
formal assessments by the psychologists and analysts of the Civil 
Aeromedical Institute of training outcomes and later operational 
performance. 

Highlights of our programmatic initiatives in controller training 
are briefly described in the following discussion. 



4 . 1  ]q 
The quality of operat ional  controller t ra in ing  should be 
increased by recent revisions in the FAA order (3120.24) that 
concerns on-the-job (OJT) t r a i n i n g .  It requires standardized 
methods far'selection and t r a i n i n g  af QJT ins t ructors  and 
examiners, separates instructor and examiner positions, and 
improves the OJT certification process. Incorpora t ing  r e s u l t s  of 
review comments received from field personnel, the order is 
scheduled f o r  publ icat ic~n t h i s  year.  

4 . 2  T r a i n i n a  f o r  Automated En Route Air T r a f f i c  Control lAERal 
The ~utomated En Route Air Traffic Control (AEF?A) 2 system is 
expected to profoundly change controllers activities, both 
physical and mental. We anticipate that cont~ollers will rely on 
t h e  automation not only to predict, detect, ahd resolve 
conflicts, but also to handle r o u t i n e  a i r /ground comunica t ions  
and groundfground coordination. Extensive training w i l l  be 
provided fo experienced and en t ry - l eve l  controllers to facilite 
their acquis i t ion of the knowledge, skills, and attitudes needed 
to understand, accept, and use AERA 2. 

4 . 3  Institutionalize a Svsterns Amroach to Traininn 
The office of T r a i n i n g  and Higher Education is using a systeas 
approach to improve and accelerate training in general. 
Accordingly , d i f  f esent parts  of t h e  t r a i n i n g  program a r e  being 
addressed at t h e  same t i m e .  Redesigning c u r r i c u l a ,  increasing 
i n s t r u c t o r  effectiveness, and upgrzding training equipment and 
facilities are  among the  simultaneous i n i t i a t i v e s  being taken to 
enhance the basic t r a i n i n g  m i l i e u .  

Redesigned curricula w i l l  specificzlly apply sixulation 
throughout t h e  t r a i n i n g  process using s imula tors  of appropriate 
fidelities, and wi31 incorpora te  iz?roved computer based 
instruction. The FAA is developifig at its Acadeny an Interective 
Instructional Delivery Systen, which will combine t h e  best  
features of lectuse/laboratory t r a i n i n g  with conputer based 
i n s t r u c t i o n ,  interactive video, grzphic t u t o r i z l s ,  zutomated 
testing and evaluation, and part-tzsk training, 211 supported by 
advanced instructional design czpe3 i l i t i e s .  

2 . 4  Procure Stand-Alone Radar T r a i n i n u  System 
The F M  plans  to immediately i n i t i r t e  procurement of a Stand- 
A l o n e  Radar Tra in ing  System for ~ i r  Route T r a f f i c  Control 
Centers. T h i s  action responds to recently conducted studies 
showing that increased use of simulation' in cofitrcller t r a i n i n g  
should significantly accelerate on-the-job training and seduce 
t h e  f a i l u r e  rate. As much as 50 percent of present  on-the-job 
f a c i l i t y  t r a i n i n g  will be shifted from t h e  control room to t ine 
simulation t r a i n i n g  labora tory .  



4.5 Develop Full Scale Tower Simulator 
An exciting combination of recent technological innova'tions is 
reflected in recently developed specifications for a full scale 
Tower Simulator. This simulation is characterized as having a 
210 d~ree.panoramic screen for displaying computer generated 
targets, operating positions to be manned by trainees and 
instructors, computer driven equipment capable of generating real 
time traffic situations coupled to voice recognition processing. 

4.6 Develop Air Traffic Trainins Manaqement System 
The Air ~raffic Training Management System, a networked computer 
system linking headquarters, regional, and facility training 
offices, is being developed. It will support more timely record 
keeping on the training provided individual coptrollers and 
permit systematic quantitative analyses of training outcomes. 

5.0 SraMMATION 
In summary, we have presented an overview of FAA activities to 
ensure positive human impacts of advanced air traffic control 
systems to be installed in accordance with the National Airspace 
System Plan. The paper has, we believe, indicated why 
implementation of these systems is a tremendously exciting 

' 

multidisciplinary challenge. 
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Microburst' wind shear accidents have been responsible for over 35 air  
carrier accidents i n  the United Stares since 1964, resulting in over 650 
fatalities "' . In rhe U. S . , the most recent such accident was the crash of 
Delta Flight 191 at Dallas-Ft. Worth Airport in Texas on 2 August 1 9 8 5 ,  which 
resulted in the loss  of 137 lives. On 3 September 1989, Cubana de Aviacion 
Flight 3046 crashed an takeoff from Havana, Cuba, with the Loss of 115 
passengers and crew and 20 persons on the ground. Evidence strongly suggested 
that the aircraft encountered a severe thunderstorm-induced microburst. 

Since the mid-19805, the FM, in conjunction w i t h  several research 
organizations, including the National Center f o t  Atmospheric Research (NCAR) 
and the bssachusetts  Institute o f  Technology (HIT) Lincoln Laboratory, has 
developed a wind shear detection and w a r n i n g  system that consists of two 
separate wind sensor systems. First developed in 1976, the Low-Level 
Windshear Alert System (LLWAS) recently has been upgraded t o  detect 
rnicrobursts. This new version of U W A S ,  capable o f  detecting microbursts, 
employs 11 to 16 anemometer and w i n d  vans: wind- pleasuring sires situated in 
the runway proximity t o  detect  diverging wind features near the ground. 

Hote recently, the FAA developed the Terminal Doppler Weather Radar 
(TDWR), which utilizes the wind-measuring capabilities of Doppler radar t o  
detect microbursts in the airport terminal vicinity. Complete technical 
deta i l s  of these systems can be found in the references "-l). 

h r i a  the summers o f  1987, 1988 and 1989 ,  LLWAS and TDWR were tested 
operationally at the Stapleton International Airport, Denver, Colorado. In 

' 
1989, the microburst detection capability of both systems was integrated in a 
prototype development phasa to provide air t r a f f i c  controllers and pilots with 
simple, unambiguous hazard alert messages. The TDWR system can detect 
microbursts with a high degree o f  accuracy and with a low false-alarm rate. 
Specifically, for microbursts having headwFnd/tailwind differences grearer 
than 40 knots, the probability of detection3 i s  9 8 X ,  while  the  false alarm 

\. 
'NChR is sponsored by the National Science Foundation. 

'A microburst i s  an ineense downdraft and associated outflow, located 
near the earth's sutface, that produces strong headwind-to-tailwind changes 
far  an aircraft which penetrates the phenomenon below 1,000 f c._ AGL. It is 
typically situated within thunderstorms but can aften occur in less intense 
convective storms, particularly i n  dry climates. 

$The probability that h valid detection w i l l  be made by the system. 



rate6 is 4%. When a microburst detection is made, the system automatically 
generates a microburst alert and provides an alert message to a computer 
screen situated in front of the air traffic controller; the controller relays 
the alert to potentially affected flight crews in either the takeofflor 
landing mode. A typical approach-to-landing alert reads: 

UNITED 226, MICROBURST ALERT, EIGHT ZERO (80) KNOT LOSS ONE MILE FINAL 
THRESHOLD WIND TWO ONE ZERO AT TWO TWO KNOTS 

A typical takeoff alert reads: 

AMERICAN 330, MICROBURST ALERT FOLR ZERO (40) KNOT LOSS ON THE RUNWAY 
DEPARTURE END WIND THREE THREE ZERO ONE TWO KNOTS 

During the prototype operational tests of the system, air carriers 
developed company policy regarding flight crew use of these alerts. In most 
cases, flight crews were provided with flight safecy bulletins that typically 
stated: 

FLIGHT CREWS SHALL NOT CONDUCT AN APPROACH TO JANDING OR A TAKEOFF 
WHILE A MICROBURST ALERT IS IN EFFECT. 

In addition, air traffic controllers were instructed to provide all 
flight crews with the alert message whenever an aircraft might be affected by 
the microburst. However, since inbound flights normally contacted the air 
traffic controller at or near the final approach fix, the microburst alert was 
most often issued in association with the landing clearance. On takeoff, the- 
alert was typically issued at the time of takeoff clearance. 

These two demonstrations were prototypical, and while air traffic 
controllers and pilots generally were aware of the operational capability and 
associated procedures of the system, it was a new, unique system. 
Consequently, permanent conclusions about air traffic controller and pilot use 
of this system are somewhat speculative. 

In this paper, three microburst events in which valid microburst 
alerts were issued by air traffic controllers are examined for the purpose of 
identifying human factor aspects of these alerts. Conclusions and 
recommendations for possible actions are addressed at the end of the paper. 

2. EXAMINATION OF THREE PIICROBURST ALERT INCIDENTS 

Three microburst incidents are described briefly, followed by a 
description of pertinent human factors elements: 

11 Julv 1988 

At approximately 1600 hours (all times are local daylight time), a 
microburst developed at l-mile final to.?.unways 26 Left and 26 Right. TDWR 
was the only operating system; in 1988 the LLWAS and TDhR systems were not yet 
integrated. The event initially was detected as a 35-knot loss; it then 
drifted east and intensified to an 80-knot loss at a 3-mile final. The 
Geographic Situation Display (GSD) for this event is shown in Fig. 1.. The 

'The probability that an alarm is false. 



situation steadily intensified for approximately 8 minutes until it began to 
dissipate. Five air carrier jet transports were in various approach locations 
at the time, and they received a microburst alert outside the outer marker 
greater than 3 miles from the runway " I .  Figure 2 shows the vertical profile 
of four of these flights during their go-around sequence. The followi.1g is a 
sequential summary of each flight: 

Flight 862 (B-737-200) made an immediate avoidance decision based on 40- 
knot loss microburst alert. The pilot stated that he did not want to 
make an approach when a microburst alert was in effect. 

Flight 395 (B-737-200) was given a 40-knot loss microburst alert at a 1- 
mile final. The aircraft continued the approach to a missed approach, 
reaching its lowest point at 50 ft AGL approximately three-quarters of a 
mile short of the runway. This aircraft encountered the most severe 
wind shear. 

Flight 236 (DC-8) was given a 50-knot microburst alert and continued the 
approach; it encountered severe headwind-tailwind fluctuations as seen 
in indicated airspeed. The flight crew executed a missed approach and 
descended to near 250 ft A G L .  

Flight 949 (B-727) continued the approach but made an early missed 
approach after receiving a microburst alert of a 70-knot loss 3-mile 
final. The aircraft did not descend below approximately 500 ft AGL.  

Flight 305 (B-727) received a microburst alert indicating an 80-knot 
loss 3-mile final. The crew elected to miss the approach just inside 
the outer marker. 

The following are the pertinent facts associated with these air 
traffic controllers' microburst alert messages: 

The first two flights were handled by one air traffic controller. All 
alerts were given as appropriate, in the vicinity of the outer marker. 
In these two cases, the alerts were issued with a clearance to land. 

The last three flights were handled by a second air traffic controller 
who relieved the first controller due to a watch change. The third 
aircraft in sequence (Flight 236) was issued an alert along with a 
clearance to land. 

' The fourth aircraft (Flight 949) was issued a microburst alert in the 
blind without a landing clearance. In this case, the automatic alert 
appeared on the controller's display, and the controller issued the 
alert to all aircraft monitoring the frequency, including Flight 949. 

The controller issued the most severe microburst alert (80-knot loss) to 
Flight 305, followed by "say request" rather than "cleared to land." . 

There were no additional approaches following'these first five 
aircraft; due to the microburst event, the traffic was diverted from the 
airport for 30 minutes until the weather improved. 



8 Julv 1989 

TDWR was not operational on this day. The Enhanced UWAS system. 
utilizing 16 wind-measuring sites, protected Stapleton Airport. This sys,tem 
included additional sensors sited to protect the final approach corridors out 
to 3 miles from the end of the runway. At approximately 1720 hours, a 
microburst .occurred at the north end of' the airport on the approach end of 
runways 1-7 Left and Right; this event is illustrated in Fig. 3. The following 
describes the experience of Flight 531: 

After being cleared for a visual approach, the captain heard three 
microburst alerts. The first one indicated a 60-knot loss on a 2-mile 
final. He continued the approach. Shortly thereafter, the captain 
heard a second alert, indicating a 95-knot loss 3-mile final. They 
initiated a missed approach at about a 3-mile final and did not 
actually experience the event until about a .5-mile final, when they 
lost 50 knots indicated airspeed and also lost 400 feet in altitude 
while experiencing moderate turbulence. The missed approach was 
initiated at approximately 600 ft AGL; the event was encountered at 
approximately 1,000 ft AGL with a subsequent loss of 400 ft.' 

The air traffic controller/pilot interaction can be summarized as 
follows: 

The air traffic controller first had an indication of microburst 
activity: a 35-knot loss on a 2-mile final. When he delivered the 
alert to Flight 531, the captain asked for substantiating pilots' 
reports from other aircraft operating these runways. He queried an 
aircraft that had just landed on Runway 18 (located about 1,mile 
west); the pilot indicated a 30-knot loss on that approach. This 
report was heard by the captain of Flight 531 and apparently was used 
by Flight 531 to consider a missed approach. The controller continued 
to provide microburst reports to Flight 531 and following aircraft. 

Approximately 15 aircraft did not land subsequent to the missed ' 

approach of Flight 531. Most aircraft landed at Denver following a hold of 
approximately 20 minutes; one aircraft diverted to another airport located 
approximately 60 miles to the south of Denver. 

On this day, a microburst was detected by the integrated TDWR/LLWAS 
system at 1-mile final to Runways 26 Left and Right. The integrated 
TDWR/UWAS system issues consolidated alarms based on products from each 
independent system. The following describes the flight sequence for two 
frights, 914 and 2235: 

Flight 914, first in line for the approach, received a microburst 
alert, for 35- knot loss 1-mile final. The captain elected to 
continue the approach. The event reappeared on the controller's 
display as a 30-knot loss 1-mile final. The crew continued the 

'The captain stated in a post-incident debrief that the wind shear 
equipment was very good and felt that in this event it probably saved his 
aircraft. 



approach after  a direct question from the air traff ic  controller 
querying whether the f l i g h t  wished to continue the approach. The 
f l i g h t  landed with major difficulty, experiencing a 5 g landing that 
caused structural damage. The captain, upon exiting the active 
runway, confirmed the microburst and further recommended closing uf 
the runway due to unsafe r i d  shear conditims. 

Flight 2235 followed Flight 914, continued the approach but elected to 
execute a missed approach on short final. 

The air traffic controller experience is summarized: 

The identification of the microburst was clear, and a l l  alerts were 
issued. The controller,  in the case of the first aircraft, queried 
the f l i g h c  crew regarding their landing intentions, confirming that 
they wished ta land during a microburst alert. 

Several analyses have been conducted far these three events, although 
only the first one (11 J d y  1988) has undergone extensive analysis ' 5 ' .  NCAR 
participated in crew debriefing5 on the 11 Ju ly  1988 and the 8 July 1989 
events. The following general analytical comments apply: 

11 July 1988 

1. The mierobursc w a s  accurately detected and alerts were issued by two a ir  
traffic controllezs. However, there was a significaat difference in the 
imperative tone between the first and second controller; the second controller 
used a more definitive tone o f  voice .  

2 ,  The second controLLsr, upon recognizing the urgency of the a ler t  
information, used his controller's discretionary function n o t  to issue a 
clearance ro  land for the fourth aircraft (Fl ight  949). He went further for 
F l i g h t  305 and added "say request." In this case, we believe t b t  the added 
query was instrumental in the n i g h t  ctew 's  subsequent missed-appraach 
decision. 

3 .  The f l ight  crews typ ica l ly  were unfamiliar with airline policy for 
microburst avoidance and with the airline flight bulletin describing the 
operational demonstration. In rhis regard, it m u i t  be recognized that thLs 
first-of-a-kind operational test: cannot be expected to be well understood by 
most: flight: crews. However, the first aircraft (Flight 8 6 2 )  clearly was 
familiar with policy and made an early avoidance decision. 

4. Several aircraft used microburst wind shear recovery techniques ''' during 
the missed approaches, indicating the value of these techniques; th i s  might 
have saved Flight 395 from disaster.  

8 Julv  1989 

I .  The Enhanced UWAS performed f lawless ly  i n  th i s  event, detecting a very 
dry enviranment microburst when there *re no visual clues for either the 
flights involved or the air traffic toves controllers. It should be noted 
that the 95-knot l o s s  measured by this system was the strongest mii\roburst 
evex measured by any microburst detection system. 

2. The controller exercised good judgment by querying adjacent f l ights  for 
wind shear reports. H i s  actions serve as a model for controller handling of 
wind shear events. 

3 .  The crew of Flight: 531 exercised outstanding judgement and used flight 
deck crew cbordination {as determined in the crew debrief) to make a consensus 
avoidance decision upon hearing the 95-knot loss a ler t .  



1. This microburst event was just above the headwind/tailwind threshold for 
declaring a diverging shear microburst. The event was well detected just 
above the threshold that indicates a severe wind shear condition. This 'Is 
confirmation that a 30-knot threshold is an appropriate one, given that the 
landing aircraft experienced structural damage. 

2. The controller strongly suggested, by his queries, that Flight 914 should 
give serious consideration to an avoidance action (they did not take the 
suggestion). It should be noted that the controller did not state "say 
request" or "say intention" as did the controller on 11 July 1988. 

3 .  The crew of Flight 914 made a clear choice to land the aircraft contrary 
to airline policy and after informal prompting from the controller. The 
aircraft easily could have been lost. 

The LLWAS, TDWR and integrated TDWR/LLWAS microburst alert systems are 
a technical success. Once a divergent wind shear event reaches the microburst 
threshold of an expected 30-knot headwind-to-tailwind differential, the 
systems work extremely well and produce alarms which are accurate and timely. 

The human factors aspects are less successful, and it is in this' 
domain that considerable additional effort is needed. Flight crews continue 
to need extensive training regarding the impact of microbursts on aircraft and 
the inadvisability of penetrating them; standard procedures are needed to 
reinforce the training. In addition, improved air traffic controller training 
is needed to standardize controller response to microburst alerts. From the 
perspective of the scientists who have examined the basic science of 
microbursts and helped to develop detection capabilities, air traffic control 
rules and procedures that dictate avoidance are a required next step. Such 
rules should be consistent with onboard wind shear avoidance avionics 
equipment. 

Controllers could help sensitize pilots to making time-critical 
decisions by using terminology that triggers the need for a pilot decision 
based on the presence of a hazardous weather event. The air traffic service 
should consider testing a cautionary message of "say request" or "say 
intentions" to encourage strongly a flight crew avoidance decision. This 
message will need to be examined to see if it adds to controller workload or 
has other deleterious impacts. 

Finally, accurate and timely microburst wind shear alerting ehipment 
is becoming operational in the U.S. Its international use at airports where 

microbursts are common would be critical to a major mitigation of this hazard 
worldwide. 
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Fig. 1 

I f  Jdy  1988, 1612 local t h e ,  geographic event dJsplay d !he Stepleton Airport 
runways with 3 nm eKtensians OH each runway end and mlcroburst events areas 
shown by ellipses. The 60 knot mlcrobursi la shown at Ws peak 1ntensiQ tocated 
off the approach end of runway 26. 
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Fig. 3 

8 July 1989, I620 local t h e ,  plan vlew of the runways and three mile'runway 
extensions oft 811 runway ends. The arlgh of the wlnd vettars iepresent the 
location of the Enhanced LLWAS sensors, the arrows show the direction toward 
which the wfnd Is blowing and the length and the numbers represent the wind 
velocity In knots. The 95 knot event on the approach to runway 17 Is clearly 
shown to the north of the sirpoPt 



WMXN FACTORS CONSIDERATIONS FOR 
L O W - C  RECEIVERS 

M. Stephen Huntley Jr,, Ph.D. 
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Transportation Systems Center 
Cambridge, Massachusetts, U,S.A. 

Introduction 

This paper presents a brief description of the flexibiIity and use of the acronauticaI 
navigation system bran-C. It then b~roduces selected human factors issues ex- 
perienced by general aviation pilots using this syszeq and describes some research 
activities currently undeway at the Research and Special Program Admiwis~ration's 
Transportation System Center of the U.5, Departmen1 of Ilimponation in Cambridge 
M assrachuse~~s. 

Description of b r a n  
b r a n - C  is a low frequency9 ground reference navigation system which uses time 
synchronized pulsed signals born ground t rmd t t i ng  stations spaced several hundred 
miIes apart for identifying gtogaphid  l[ocaiiom. b r a n - C  position is derived by 
measuring the difference in amivd h e  sf pulses from a master and s e c o n d q  
transmitters. 
The transmitters are capable of providing accurate idomation a1 distances up to 1,000 
nautical miles from the receiver* The georne~c relation of t r u m i t t t r ~  TO one mother 
de te~dnes  the accuracy of position loatisa a r e a  of good coverage some studies 
Rave shown that receivers can d&te their gogapbic Iowtiom to within 600 feet. 
Consecutive calcu~atioras p s s ~ d e  the data necessary to determine such infomarion a 
ground speed and track. The latitude andl Iongitudc ~f waypoints stored in the receiver 
provide the references necessq for &e ~da1ation of distance and bearing to a 
selected waypoint. W e n  waypoint Iocatian is combined with ground speed informa- 
tion, predicted times of arrival at the selected waypoints can also be calculated. When 
combined with altitude informatioafrum aa outside source, some receivers can provide 
posinive course guidance for vertical navigation. 

Characteristics of b r a n  
Six characteristics of b r a n  system navigation systems contribute to their current 
popularity. 

I. The low frequency b r a n  sipd (90 to 110 kHz) follows the surface of the 
earth. .Therefore the Loran signal has an advantage over higher frequency signal 
system such as Very high frequency Omnidirectional Range systems (VOR, 
108 to 117.95 mHz) that are useful oily for "'line of sight'bppIications. 



2. The Loran system does not require I o d  navigational aids. Transmitters nay 
be located as far as 1,000 nautical miles from the receiver and still be accurate. 

(A VOR transmitter must be as close as 40 nautical miles to provide positional 
acairacy required for IFR flight at altitudes below 14,500 feet.) 

3.The positional accuracy of Imran is independent of the distance of the receiver 
from the waypoint. (The sensitivity of a VOR receiver to lateral displacement 
off am aiway decreases wirh distance from the transmitter. For example, at 30 
nautical miles from the station one fifth of a full scale deflection of the course 
deviation indicator needle equals one mile. With time difference corrections, 
it's positional accuracy i s  accepted conservatively by the Government to be 
between l/2 and 113 of a nautical mile.) 

4. b r a n  system are relatively inexpensive. Portable general purpose u d t s  that 
may be used in aircraft can be purchased for less than $350. Systems designed 
for installation in aircraft with user provided data bases may be purchased for 
as little as $1,000. Systems with an internal and updatable database of as many 
as 20,000 waypoints may be purchased for less than %4,M0. (Comparable area 
navigation systems using VOR transmitters cost aver three times that amount 
and have the accuracy and distance limits of VOR systems.) 

5.  The availability and decreasing cost of micrbprocessors provides our newest 
receivers witb enormous computational power. There are several bran 
receivers now available to the general aviation pilot that: 

m Store and track flight plans with automatic sequencing from leg to leg 

Alert pilots to the presence of special use airspace 

Provide minimum safe altitude infomation throughout the National 
Airspace System (NAS) 

m Provide graphic displays that show the aircraft's position relative to 
selected waypoints 

e Contain b r a n  approach procedures at airports approved for their use 
. . 

Provide idormation on nearest airport upon request 

Provide integral calculat on for trip planning while underway 



6.  Some Loran receivers are now behg designed to integrate data from b r a n  
andGlabal Positioning Systems (GPS). These systems have the pozential for 
the vertical and horirlmta1 accurac? required for precision approaches. 

Loran Receiver Packaging 

Today's aviation receivers have evolved from equipment originally designed for marine 
applications; an evolution that has produced a wide variety of control, display and logic 
configurations. This variety makes it unwise to generalize too specifically abolclt the 
difficulty or ease of use of the equipment of different manufacturers from experiences 
gained from the use of only a few systems. However the sophistication of the aviation 
user and the demand for more and better features ia a package that will fit in the limited 
space of personal aircraft have tended to result in receiver designs of increasing 
similarity. The design of today" receivers reflect a compromise between ease of use 
and compactness. In many cases controls, alerts and alphanumeric displays are 
squeezed onlo a display panel that covers a surface area of no more than 12 to 18 square 
inches (77.4 to 116.1 sq.cm). The results are desirable and imaginative, but they do 

. . present challenges to the human operator who will always make errors, forget rules and 
procedures through disuse, and become disorganized under stress. 

From the pilot's viewpaint, the Loran receiver is a computer with four major com- 
ponents. h c h  of these components is subject to variations in design, with respect to 
appearance, physical location, and function. 

The digital electronic display may be made up of light emitting diodes (LED) or liquid 
crystal display (LCD) units . These displays present alphanumeric and sometimes 
graphic information to the  pilot. 

Most Loran receiver sets have between 5 and 30 push buttom. Sets with extensive 
databases may have as few as five buttons. However, receivers that depend on pilot data 
entq for their data bases include a key pack, therefore have more buttons. 

Some sets, particularly those provided with databases, have at least two pairs of 
multi-function knobs. Thc outer ring of the h o b  may be turned to any one of a set of 
functioas, e.g., "calculate" or "flight plan'" or data categories such as "VOR" or 
"airports"; and the inner knob may be used to moll through the wntents of these 
categories. 



A11 Loran receivers contain a microcomputer where speed calculations, bearing deter- 
minations and flight planning is accomplished. The functional power of the microcom- 
puter is deployed through she use of control knobs and buttons, according to a set of 
procedures determined by the structure and logic of the computer. The pilot must 
memorue these procedures in order to utilize these capabilities efficiently in fight. It 
was observed in the laboratory that some of our operators tried to develop models of 
this srNcrure to help them use the ylrrem rather than relying on rote memory df the 
procedures. For example, one operator said that he saw t he  computer as a book and 
its various functions as individual chapters.' Research is being conducted at NASA 
LzngIey t o  determine the influence of the operator's model on the types of errors that 
he makes. 

Curren 1 Applications 
Ym 
Over 70,000 Loran sets are estimated to be in use today. These sew are used in search 
and rescue, by Relicogtet and fixed wing air taxis, in emergency medical stnrices, by 
regional zirlines, by corporate pilots, smdl charcer operators companies, and in enar- 
mous numbers hy private pilots. b r a n  is popular in tbese applicaciom beause it is an 
inevensive area navigation system that allows pilots t~ fly direct to pilot defined 
waypoints as well as most facilities and intersections included in tbe national airspace 
system. With its distance measuring and other computation& powers, it contributes 
greatly to aght planning, si tua'rional awareness, and therefore to flight safety. 

IEB 
A few rnacufacturets are making receivers that have been certified by the F M  for use 
in enroll te and terminal use under IFR conditions. To date, none have been certified 
for use in  instrument approaches. Perhaps the greatest driving force for bran-C 
instrument approaches are state governments through the Natioad &sociation of ' 

State Aviation Officials (NAS.40). Many states have small cities that could benefit 
economically born regular air tramportation to and fromtheirsmall municipal airports. 
Tnese municipalities cannot afford h e  cost of installing and maintaining expensive 
local navigational aids or nbey may be located in terrain that would interfere with the 
aperation of such facilities. Loran, which is independent of local navigational aids and 
is usable in mountainous tcnain could be used for instnunent approaches into sucb 
are&. 

The use of b r a 1  for instrument approaches is being looked at cauu'susly. Current 
approaches $e primarily designed and operated for purposes of evaluation and only 
ewse aa about 12 to 14 aivom across the country. Loran signal monitors at each airport 



track the synchronized signals from the transmitters designated for each approach to 
determineif the signals meet accuraq requirements specified by the FAA. If an error 
is deteaed an alarm is sounded in the appropriate air traffic controI facilip :$nd 
subsequent requests for Loran approaches will not be approved. Chms for the use of 
these approaches are not available to the general flying public and only specially . 

certified aircraft may make the approaches under 3FR conditions. The receiver and its 
installation must be certii5ed. Am?, another certified instrument navigation system 
must exist in the airplane as a backup to the Loran. At the present time, Loran-C has 
not been approved for use as the sole means of navigation under IFR conditions. 

Prominent human factors concerns in the use of Loran for instrument approaches 
include: crew workload, pilot error, and pilot awareness of system stams. To reduce 
crew workload and the potential for pilot error during Loran approaches, time distance 
calibration data (from trmmi tter stations used in navigational computations for the 
approach], and the waypoints will have to be entered in the system prior to going into 
the approach mode. In addition, dl ]Loran approaches must be flown with a crew of 
two. The earliest approved bran approaches had to overlay another instrument 

approach, such as an U. T h i s  overlay redundancy is no longer required for approaches 
currently being approved, but other instrument approaches do have to be available to 
the runway. System status is monitored during the approach by the receiver and warning 
annunciations are presented to the pilot wbenever system discrepancies occur. 

The flexibility of Loran makes it possible to put instrument approaches into airpons 
that otherwise might not support them. In some mountain locations a singIe microwave 
landing system (MU) can be economically installed to provide a precision approach, 
bur because of the mountainous tenah no VOR dependent systems can be used to 
bring the aircraft to the final approach h o r  to provide guidance to the pilor for a missed 
approach. In some cases, obstades may require the initial approach segment and 
departure courses to be curved. Research is underway to examine the utility of 
combining Loran with M U  for use at remote airports, 

Human Factors Activities and Issues 
As inexpensive Loran receivers become increasingly available, new applications for 
Loran are developed, and the use of Loran for navigation by a single pilot under 
instmmeot conditions becomes a reality, the need for information regarding pilot 
performance wirb Loran systems gabs new imponance. The Research and Special 
Programs Administration's ~ r a n s ~ o ~ t i o i ' ~ ~ s t e m s  Center is initiating a series of 
research activities on human factors related to the use of Loran systems by private 



pilots. The research resuits will be available for use in developing registic applicatiom 
of b r a n ;  criteria for b r a n  approaches, requirements for instrument training for 
Lor- and educationei material recarding the use of h r a n  by private pilub. 

Out exploratory research included the following activities: 

Comparison of bran and VOR display and control panels 

Laboratory studies of operator's learniig, programming, and exercis- 
ing the various features of merent b r a n  receivers 

Personal use of b r a n  during VFR conditions 

* Flight tests of pilot tracking performance during non precision ap- 
proaches 

Discussions and observation of the use of Loran by private pilots in 
personal aircraft 

Today Loran is the navigation system of choice among general aviation private pilots. 
Loran is fast replacing the VOR as an emoute navigation m m  Our comparison of 
Loran and VOR controls and displays indicates that Loran, although a more powerful 
navigation system, has charaneristicr that may make it more &f&dt to use, more prone 
to operator error, and Iess error tolerant ban the VOR. Recognition of these charac- 
teristics and their contribution to pilot workload and eraor wiU faditate the identifica- 
tion, descipdon and solution of bumaxl factors; design problems that could contribute 
to a new family of errors among general aviation pilots if I& unattended, 

Tbe fjequency of a VOR is selected using knobs or thumbwheels dedicated to that 
functioa n e s e  controls are located nen to the windows that djspiay the selected 
frequencies, and are used for no other purpose, and therefore they are rarely inap 
propriarely used. FuRher, the controls are "detented" so ffequencies may be selected 
witbout continuously monitoring the digit windows. This is big advantage to the single 
pilot who must watch for other traffic and maintain hic heading and altitude while he 
tunes the VOR receiver. If an error in frequency designation is made, it can usually be 
corrected by one or two twists of the appropriate control. 

h. 



A common method of selecting a waypoint with Loran is to turn the outer ring of a 
rnulti function knob to the deteht marked VOR (VORs are commonly used as 
waypoints, particulady if the Loran is being used to fly pi~blished airways). The 
operator spells out the waypoint name using the inner knob as a cursor that presents 
letters consecutively on the display, and the outer knob to determine the location of 
the letter in the waypoint name. %is process may take 20 or more discrete control 
actions, requires considerable head-down time, and is subject to a number of errors 
that are hard ta detect. One common error is setting the hnction switch on APT 
(airport), ratber than VOR. Since the APT.and VOR are located at adjacent detents 
on a number of current receivers, VORS often have the same 1,etter designations as 
airports that are located nearby. Tbe adjacent Iocation increases the likelihood of this 
kind of rktake and is a good example of DESIGN LNDUCED ERROR. 

Another example of design induced error is the adjacent location of the "waypoint" 
and "enter" buttons on some b r a n  sets. These two buttons are used when entering 
flight p l a  into the set. In the flight plan entry mode "wpt" is pressed after each 
waypoint is entered into the flight g l a  and "ent" is pressed after the final one is 
entered. If "ent" is pressed prematurely she flight plan will be closed our too early. &, 
a result tbe plan will have to be edited. Inattention on the part of operator, or 
turbulence can easily Fause the mong button to be pressed and cause unnecessary 
workload to correct the rtsulthg error. The design solutions to both problem are 
obvious and simple, increase the separation between the detents or buttons by inserting 
space, or other functions between them. 

Verification of the correct selection of frequencies with a VOR is accomplished by 
looking at the digit windows that are dedicated ro that purpose. If one digit in the 
frequency designaiion is incorrect, the  solution is intuitive. The control beneath that 
window can be rotated through the correct number of detents to get to the correct digit. 
The operational status of the VOR is determined by pressing the button provided 
specifically for this purpose a d  Listening for the mone code corresponding to the letter 
designation of the VOR. 

Verification of the selection of the correct VOR waypoinr with Loran usually is not 
done quite so easily. The distance to the waypoint may be checked for reasonableness. 
This distance, along with the bearing to the station will probably be automatically 
shown on the Loran's electronic display. What is not always shown is whether a YOR 
or an airport has been selected. To make this determination an infomation page may 
have to be called upto see if the informatioh is appropriate for the desired waypoint. 
Runway Iength data would indicate that an airport and not a VOR had been selected! 



Standard verification procedures do not yet exist for b r a n  and should be developed 
as part of,the training support provided for Loran users. The design.solution to this 
problem would be to label the wapoint as it appears on the display as either a VOR 
or an airgon. To correct the error the operator must delete: the erroneous waypoint 
and completely reenter the correct one. 

SeIection of a wavpoinr by its three or four letter identser assumes that this waypoint 
is stored in the dhta base of the receiver. This may be done manually by the owner or 
it may be provided as part of the receiver's data base. Only the most expensive receivers 
have this capabiliry. The less expensive sets, and therefore those very often purchased 
by private pilots. have accommodations only for data bases that are manually entered 
by the user. Manual data entry requires time and the howledge of what waypoints will 
be required in the upcoming flight, ahd has its own human factors problems. 

=ear,'we had several highly trained operators enter an eight waypoint flight 
plan into receivers provided by three different manufamers. We also had the 
operators program a diversion by deleting two waypoints and adding three new ones. 
On average it took between six and seven minutes to enter the flight plan on the systems 
without a data base and about 2 112 minutes to do the same thing on receivers with a 
data base. When the operators were required to do the same thing while maintaining 
a desk top simulator in "straight and level"' flight, 'it took approximately twice as Iong 
in each condition. If we had introduced "turbulence" into the simulator undoubtedly 
i t  would have taken longer. An aircraft flying at 120 h will fly 24 miles in 12 minutes 
or make 4 turns around a holding pattern! 

It took between two and three minutes to enter the diversion when not flying the 
simulator. The requirement to fly the simuIaxor concumen tly more than doubled this 
time. The time consuming nature of these activities was verified in our observations 
of a general aviation pilot's preparations for a Loran approach into a rather active 
airport in Massachusetts. These examples illustrate the potential dangers of data entry 
in the terminal area and the fact chat doing the data t n q o a  the ground is no guarantee 
that it will be done without error. In preparation for this demonstration flight, the pilot 
programmed the waypoints required for the approach while on the ground. While 
flying the initial segment of the approach, he discovered that the waypoints had been 
entered in the wrong order. Sitting behind the pilot, my associate noted that changing 
the sequence of the waypoints required considerable h o b  twisting and button pushing 
and would have required more than one turn outside the initial approach tix to 



accomplish it safely. Tbe loss of pilot vigilance outside cochpii and the spare attention 
necessary to effectively manage the aircraft during this process has clear safety irnplica- 
tions. 

The designers of madmachine systems recognize that the human operator will make 
errors. Tbe more actions the operator must, make the higher the liketihood of an error. 
Manud data entry is an activity that is particularly error prone. Research at Douglas 
aircraft has shown error rates as high as 10% 10 be quite common even in the relative 
quiet of the laboratory. We too have demonstrated high error rates when manually 
entering Iaiitude and longitude infomation into Loran systems. One approach to 
reducing the effects of operator error is to make the system ERROR T O L E M .  
System may be considered error tolerant to the extent that they make it easy for the 
operator to identify errors that are made, make i t  easy for errors to be corrected, and 
reduce the idluence of uncorrected errors on system operations. The VOR sysLem is 
error tolerant to the extent that the frequenq and radial selected for navigation is 
coneinuouslv displayed and so may be examined at any time for errors, and corrections 
can be mad; with the twist of a single knob. Once data are entered in a Loran system 
they are no ionger available for review unless specificdIy recalled. The oniy idorma- 
tion continuously available on the electronic display may be the name that the pilot has 
assigned to the waypoint, and the distance and bearing to latitude and longitude 
coordinates that are now conceded in the system data base. 

The analytic capabilities of current h r a n  systems indicate their consider able potential 
as error rolerant systems. One system that we examined would not accept latitude and 
longitude coordinates that were impossible. For example, any longitude or latitude 
designatioo in which more than 59 minutes were specified were rejected. Conceivably 
logic could also be developed that would reject VFR night plans through prohibited 
airspace or alert tbe pilot to illogical waypoint sequences. For example, a waypoint that 
put an extreme course change in a route to the final destination could be flagged. 
Systems with map displays that graphically present the flight plan as it is programmed 
have been shown in advanced technology aircraft to provide a very effective means of 
detecting large programming errors. Such displays are now available for Loran system. 

The ease of correcting errors varies considerably from system to system. One system 
that we exmined had an extensive data base and required less than four discrete actions 
to replace a waypoint. Systems requiring new latitudeflongitude insertions for waypoint 
corrections required about 25 discrete actions for such replacement. Given that pilots 
will make errors in data entry procedures, system features should be developed fox 



detecting such errors, and once detected, errors should be correctable with a minimum 
of effort. . 

Clearly the smaller the system's data base is, the greater the data entry requirements 
will be while in flight. This will increase the workload of the flight, increase the 
probabilities of error and increase head-down time; all of which reduce flight safety. 
User entered data bases are also less likely to be current. The more sophisticated 
Loran systems are provided with data base updates at least every 56 days. Historically 
these periodic updates may contain as many as 1,000 changes. Pilots who use b r a n  
without the advantage of these scheduled changes may neglect to update their own data 
entries and be using data bases with errors in them. 

Today" receivers have great functional power. But, their functionality is embedded, or 
hidden from ~ e w .  We call it E?vBEDIC)ED F U N ~ O N ~ .  If we can remember 
the correct procedures, we can get it to display our flight plan, tell us where the nearest 
airport is, tell us the frequency of approach control, and probably accomplish a variety 
sf other functions depending on the particular receives that we a-e fortunate enough 
have. ~ d b n u n a t e l ~ ,  unlike the case with our simple VOR, whose functions are self 
evident, we can't tell Row to access the functions in a n e n t  aviation b r a n s  just by 
looking at them. We have to apply a set of rules and procedures than we memorize or 
that we can understand quickIy horn reference to a handbook Either stress or just time 
away from the system reduces our ability to r e d l  procedures or understand written 
material. Conversations with a number of private pilots who use b r a n  for W R  
navigation indicate that through infrequent use they often forget how to access the 
capabilities of the b r a n  equipment in their airplanes. They nse the system to fly direct 
from one point to mother but they have forgosten how to create new waypoints, to 
obtain frequency information for a particular ahport, or to call up an airpore, whose 
identifier they have forgotten, from their system's data base. This diffmdty is par- 
ticularly acute for pilots who rent and fly a variety of aircraft with different b r a n  
equipment. Pilots who fly for small charter companies that obtain their equipment 
from a variety of sources may encounter the same problems. Important problem areas 
include: different procedures for accessing information required for certain emergen- 
cies, different sequences with which to enter latitudeflongitude coordinates, and varia- 
tion in terminology used for labeling controls and for prompting. These effects are 
made worse by the variations in format and infomation content of the quick reference 
handbooks that manufacturers supply with their systems. 



Three potential solutions to this problem should be considered: 

1. Certain safety critical functions should have dedicated controls. For exarnpIe, 
perhaps there should be a button dedicated to obtaining information on the 
nearest airport. Quick access to this criticaI function should be guaranteed 

2. Prompting should be used more often We found in the laboratory that as 
shon a break from training as one week caused operators to forget how to 
accomplish certain tasks with the b r a n .  Often It was only the first step of a 
procedure that had to be provided far them to remember the procedures 
necessary to access the function that they wanted. Function selection controls 
could be used to select and activate the step-by-step prompting necessq  to 
"walk" the pilot through the procedures necessary to implement the Loran 
functions required. Eventually, the growth in the importance, popularity and 
applications of Loranwill result in the dedication of more cockpit space to h r a n  
functions. This will permit the use of larger displays that can provide the pilot 
with the instmctional detail necessary to identify and use the capabilities of 
Loran efficiently, 

3. Limited standardization should be considered. Standardization is not always 
well received by b r i m  manufacnuers. They often feel that the unique 
characteristics of their products make them more desirable to pilots and are a 
m a k e  ting advantage, Furthermore, poorly conceived standards col~ld dis- 
courage innovation and serve to restrict the development of Loran technology. 
These are important points but need not preclude all efforts to standardizatioa. 
Implementation of the following recommendations should not st& innovation 
or interfere with marketing advantages, but should increase the usefulness of 
Lioran systems and cantribate to their popularity: 

The most safety-critical and error prone functions should be iden- 
tified, and standard and simplified procedures for implementing those 
functions should be developed. 

A standard terminology far use in labeling and prompting should be 
developed. 

r A standard format for quick reference handbooks should be 
developed. 



- 
MI aeronautical Lorans have a course deviation indicator (CDI) to provide the pilot 
with a graphic indicaii.>n of the lateral displacement of the aircraft with respect to the 
desired course to the. next waypoint. This indicator may be a bar graph defined by light 
emitting diodes (LEDs) on the receiver's display or a round dial with a single needle 
like that used with a VOR that may be Iocared remotely born the receiver. T h e  
sensitivity of this indicator is selectable on some receivers and may range from 2 112 
miles (4  km) to the most sensitive settiug of about 950 feet (289.5 m.) for a full scale 
deflection. A sensitivity of 1 and lI4 mile (2 h) displacement off course for a full scale 
deflection is recommended by the Radio Technical Commission for Aeronautics 
(RTCA) for instrument approaches. The ideal sensitivity for instrument approaches is 
a matter of some controversy and is ifluenced by a number of variables, including 
whether the approach is to be manual or coupled. Since pilot tracking error (called 
flight technical error by procedure design specialists) accounts for over 80% of the .6 
mile (with time difference updates) system error budget used by procedure specialists 
for designing instrument approaches, we exmined the influence sf CDH sensitivity on 
tracking error. A reduction in the fight tecbaid emor associated with b r a n  instru- 
ment approaches might make the system more useful for getting in and out of some of 
those remote airports, 

We established a non-precision approach into a small uncontrolled airport and had 12 
instrument rated private pilots makt instrument approaches into the field using an 
instrumented single engine Eixed gear aircraft equipped with Loran-C. The 12 pilots 
made a total of 144 approaches with the following six CDI sensitivities (displacements 
required for full scale deflections): 

Crosstrack error and piiot workload Pot six CDI sensitivity leveIs 
RMS Emor 
(Naut. mires) 

sensilivity first second t b i i  workload 
U3 zn 10 1 to 7 

2 1R miles(4 km.) .26 .23 -17 2 4  
1 l/4 d a ( 2  km.) -15 -11 -08 32 
3797 fr (1157 m.) .I5 .I0 '09 3.1 
1898 Xt.(578J m.) .I0 -05 .05 4.0 
949 ft.(289 m.) -06 .04 .05 4 3  
475 ft.(1448 m.) .06 -03 -0 5 6  

The 475 foot sensitivity level is about the same as that of an IE at the middle marker. 



Each pilot-was asked at three different points during the approach to rate (on a scale 
of 1 to 7) how hard he was working, with 7 indicating that the pilot had barely enough 
time to attend to all aspects of the flying task. As the sensitivity of the needle increased, 
cross track error decreased consistently. In fact increasing the sensitivity of the needle 
by four times over the 1 114 mile recommended by mCA decreased the cross track 
enor by over 30 percent during the first third of the approach, and nearly 40 percent 
during the last third of the approach. If 1,898 feet rather than 1 114 mile were used as 
the standard for CDI sensitivity, it could substantially reduce the sysrem error value 
used in developing instrument approaches, and lead to a significant reduction in the 
width of the path required to be cleared of obstnzctions for b r a n  approaches. 

This foudold change also increased the pilot's estimate of workload by less than I'point. 
The average worktoad rating of 5.6 that was given the highest sensitivity condition 
would not seem to be too unacceptable, but the 475 foot sensitivity level was rated as 
'km£lyablen on 4 of the 24 approaches made with it. The second highest level produced 
a lower workload estimate, but was also judged uncomfortably difficult to fly on a couple 
of the approaches and might be too hard to fly under marginal flying conditions,for 
exampie, such as those that could be produced by icing. 

Our next fight study WU examine the flight technical error assodated with using 
positive course guidance provided by bran-C for straight and curved missed ap- 
proaches. 

One of the most thorough and eficient methods of determining the human factors 
probIems associated with a particular avionics system is to ask the users about the 
features of the system that they use and don't use, and the probIems that they have with 
them. Prof. Wiener of the University of Miami has been very successful in using this 
approach, in conjunction with exhaustive cockpit observations, to identrfy human 
factors issues in the application of automation to air carrier flight decks. We have just 
initiated discussions with the Aircraft Owners and Pilots Association's (AOPA) Air 
Safety Foundation to conduct a survey of Loran-C use by private pilots. Our prelimi- 
nary work in this regard has already revealed a few human factors issues beyond those 
already discussed. 

The cockpit environment of the most common private aircraft may require special 
design considmations, There is often no room on the cockpit instrument panel within 



the pilot's area of primary view for a Loran receiver. The primary'flight displays are 
directly in-front of the left seat and the navlcom receivers are mounted in the center of 
the panel. Often the Loran receiver is mounted way far to the left 'side cf the panel 
nearly 45 degrees from the pilots primary line of sight. The pilot has to stretch and Iean 
to the I ~ f t  to use the controls and read the display. Annunciations ofwarnings and alerts 
cannot be detected wirhout, looking directly at the display. Some pilots equip their 
aircraft with remote CDXs and warning annunciators located within their area of 
primary view, a requirement for IFR approved systems,. but few VFR systems are so 
equipped. Deductibility of visual warnings is also reduced by high ambient illumina- 
tion. Small GA aircraft often are designed for high outside visibility and may admit 
more light than is the case with larger aircraft. RTCAguidelines recommend that "...the 
brilliance of any display shall be adjustable ro levels suitable for data interpretation 
under all -cockpit ambient light conditiom ...,'" and many sets have either manual 
controls for this adjustment or sensors that automatidly increase display brightness as 
ambient illumination increases. Unfortunately, the range sf conditions seem to go 
beyond the l i m i t s  of the display capabilities. Solutions to these problems indude silting 
the displaylmntrol panel toward the pilot, shielding the displays, a d  the use of auditor~r 
alarms. 

Another ETCA operational standard is "minimurn risk of inadvertent turn-off." Many 
of the small Piper aircraf! have the swircb for the electric he1 pump located next to the 
electronics master switch. The pump fundions as a backup for the engine driven pump 
and is turned on for takeoff and approach and mined off when at a safe altitude. 
Occasionally when busy climbing out and heading toward the first departure fix the 
pilot will reach down, intending to tllrn off the electrjc fuel pump and inadvertently 
turn off the electronics master switch. The pilot almost instantaneously turns it back 
on. His VORs and communications are on line immediately, but his h r a n  is not. 
Loran guidance will be lost until tbe set reacquires the signal, the set is reinitialized, 
and the sight plan is called up again. It depends upon signal strength and some other 
variables. This could take over a couple of minutes to do and would create an 
uncomfortable situation if the aircraft were exiting a congested terminal area. The 
design of the Loran or requirements for its installation must preclude such inadvertent 
turn off. 

Just as b r a n  must interface weU with the airmati that it is installed in, so musi it be 
compatible with the practices of air traffic control. When flying under instrument 
conditions pilots must expect to receive unanticipated changes in routes of flight. When 
flying an area navigation system the changes may be given in terms of waypoints that 



are define in latitude and longitude coordinates. This information is given the pilot by 
the air traffic controller in the following format: 

In three of the sets that we examined in the laboratory, the hemispheric designator must 
be entered before the degree, minute and second information, for example: 

N 42.22.8 and E 7 129.4 

The difference between the order in which the alphanumerics are presented by kXC 
and the order in which h e y  must be entered into the Loran sets may be expected to 
cause some errors in data entry, or rejected data entries that can be disruptive and time 
consu&g* 

CompIacenq is a term that aviation human factors professionals have come to associate 
with aircraft automation over the last decade. It describes a relaxed attitude associated 
with the co&dence that flight crews develop in the reliability and correct functioaing 
of the automated systems currently used to help fly commercid air d e n .  In a sense 
it is a compliment to the designers, maintainers, and manufacturers of those systems, 
because compllacency develops as an inverse function of the negative experiences 
accumulated by the system user and a lack of appreciation of the automated system's 
limits. The manifestations of complacency include relaxation in monitoring the per- 
formance of the systems and a willingness to let the sWs replaced by automation 
decline. We now have good reason for adding L U W  COMPLACENCY to the 
lexicon of aviation terminology. Several examples of admitted pilot behavior justify 
this addition, 

It is common today for pilots to connect their Lorans to the: aircraft autopilot for VFR 
flights. This should free their attention for monitoring other tr&c and for flight 
planning. Unfortunately, in some cases it aIso relieves the pilot of the necessity for 
monitoring his charts closely and gives him enough spare attention to engage in 
activities that reduce situational awareness and otherwise detract fsom flight safety. A 
recent discussion with the owner of a Loran-equipped Beachcraft Bonanza revealed 
that he accomplished considerable preparation for a presentation he had to make at 
his destination while under a Loran-automation controlled flight to a business meeting, 
The pilot did not b o w  when he passed near restricted airspace or crossed a rather 
significant mountain range during the flight. We only r e m e d  to his fight duties when 



the Loran calculated ETA and distance information alerted him to-the time when he 
had to prepare for the approach. 

Privqte pilots also use their VFR Lorans for instrument approaches. They create 
instrument approaches into airports and "shoot" difficult instmment approaches with 
their Lorm rather than the approved equipment, e,g. the ADF, and descend below 
minirnurrs "for a better look'' at home base airports. They do this because their 
experience with the apparent rifle-barrel accuracy of Loran gives them the confidence 
that they can perform these activities safely. They do not understand the limits of the 
Loran systems. For example, FVR Lor- are not designed to accommodate some of 
the waypoin~ configurations that may be created for a home made instrument approach. 
Closely spaced waypoints that require sharp turns may cause the sequencing 
rnechanihrn to skip a leg of the programmed approach aod will produce inaccurate time 
and distance estimations. Also, steeply banked turns, planned or inadvertent, may 
cause the receiver to momentarily lose the Loran signal and skip a pulse cycle. Such 
cycle slips can indicate a lateral displacement of the aircraft by as much as a mile. The 
human factors problem of system misuse probably m o t  be completely solved. 
However, I'm sure that if more piIots were aware of the Iirnits of h r a n ,  fewer piIots 
would be misusing it. User education would seem to be at least a partial solution here. 



Condusions 

The issues concerning human factors of Loran-C are many. Those identified in this 
paper illustrate that, as with other area navigation systems, human factors problem 
with Loran indude but are not limited to displays and controls. These problem extend 
to the interfaces with other aircraft systems that are necessary to support the operation 
of the Loran and to the flight environment within which the h r a n  is to be used. 

Concerns that were idenaed  in this paper include: 

Control locations that increase the probability of errors 
System logic that makes recovery £ram data input errors difficult 
System designs that make it difficult to verify data entry accuracy 
Data entry procedures that are time consuming and susceptible to 
e m r  
tack of convenient in-fligh-r guidance on how to access and exercise 
Loran functions 
CDI sensitivity that is not be optimal for certain Loran applications 

m Inadequate protection against inadvertent turn off 
r Inadequate display capabiliq for full range of viewing conditions in 

the cockpit 
m Miss-match of data entry logic to air traffjic control operations . 

Users not alerted to the limits of Loran systems in aviation operations 

In order to idenufy human factors issues before they become safety issues, designers 
must review errors made in the design of similar system, determine user requirements 
and anticipated equipment applications, and simulate the use of prototype designs in 
representative flight scenarios. Potential solutions to identified human factors 
problems include interface redesign, changes in procedures required to use the equip- 
ment, and user education. 
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FOR ADDRESSING FUTURE AVIATION HUMAN FACTORS NEEDS 
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U. S .  Department of Transportation 
Federal  viat ti on Administration 

MY purpose here today is to provide you w i t h  an overview of t h e  
human factors research and development e f f o r t s  that we are 
undertaking. Specifically, I will describe the major prior i t ies ,  
or research areas, that are the components a new, comprehensive 
national plan for human fac tors  research. This national plan will 
include research aimed at the alleviation of human performance 
problems in a l l  types of aircraft ,  in t h e  a i r  traffic con t ro l  
environment, and in t h e  interaction of t h e  t w o  environments. 
Moreover, t h i s  work is intended to encompass both t h e  operational  
and maintenance  spheres of each environment. My job with the 
Federal  viat ti on Administration (FAA) is to c o o r d i n a t e  the 
development o f  the comprehensive plan, but it will be the product 
of a j o i n t  partnership between t h e  FAA, the National Aeronautics 
and Space Administration (NASA) ,  the Department of Defense ( D O D ) ,  
t h e  operational and industry community, and t h e  academic community. 

There is, of course, no need for me to remind t h i s  distinguished 
group of aviation authorities of t h e  magnitude and breadth  of t h e  
human performance problem. We all are painfully aware of the 
s t a t i s t i c s ,  but even so, we have still n o t  taken the necessary 
steps, or committed adequate resources, to a t t a c k  t h e  problem on 
more t h a n  a superficial level. Our governments, i n d u s t r i e s ,  and 
academic institutions expend enormous resources an engineering and 
technology-oriented research and development, but in comparison, 
we spend very little on v i t a l  research areas in. t h e  social and 
behavioral sciences. 

This s i t u a t i o n  has only recently shown signs of changing in t h e  U. 
S .  after a number of well-publicized and entirely preventable 
aircraft  accidents. Ironically, some of these accidenyts occurred 
in "new technologym aircraft that were highly automated as a means 
o f  keducing aperator workload and human error. T h e s e  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 U S S  Vincennes; 
and the  "Herald of Free Enterprisew ferry capsizing at Seebrugge, 
Belgium) have shocked us all and stimulated new discussions of the 
human performance problem. 



Fortunately, there has also been some significant action. Last 
year, the Congress of the U.S. enacted new legislation, "The 
  via ti on Safety Research Actv which provided for the increased 
funding of human factors research. In addition, the Air Transport 
~ssociation of America (ATA) organized a Human Factors Task Force 
made up of representatives of government, the manufacturers, 
operators, and the scientific community to address the problem. 
This group has just released its recommendations, and they 
represent a broad consensus as to the critical dimensions of the 
problem. 

At this point, I am sure some of you are wondering perhaps what is 
so different about the current effort? Our interest in seriously 
addressing critical human performance issues has been high in the 
past, but has faded without significant action. Moreover, very 
productive human factors efforts have been on-going at NASA, DOD, 
FAA and in academia for many years, even though they have not been 
coordinated on a systematic basis. However, there does seem to be 
something fundamentally different about the current high level of 
interest in human factors. Many of today's managers and decision- 
makers seem to perceive that our society may be nearing a point of 
diminishing returns on investments in technology, making 
investments aimed at the human element far more attractive. 

But, perhaps more significantly, the difference now may be that 
the key elements necessary for a fundamentally greater commitment 
to human factors research and development appear to be in place. 
These four conditions include: 1) A very high level of government 
and management support currently provided by the active 
participation of the senior management of the FAA the current 
~dministrator, and the Secretary of Transportation; 2) A general 
agreement among the key government agencies that the problem should 
be addressed as a coordinated national effort to avoid duplication 
and inefficient utilization of scarce resources: 3) A widespread 
belief in various parts of government in the necessity of more 
resources for research, and the Congress and various agencies have 
begun to plan for substantial funding augmentations; and 4) 
Agreement among researchers and the operational community as to 
what the human factors research priorities are and how to go about 
addressing them, which is rapidly being accomplished through 
activities such as the ATA-sponsored Human Factors Task Force. 
Thus, to a substantial degree all four of these conditions have 
been met, providing the human factors community with a substantial 
opportunity to rectify past neglect. 

I will now describe the major categories of our national plan. 
They represent those problem areas that we consider to be the most 
serious, as well as many questions for which there are no reliable 
answers.  his paper does not in any way represent an exhaustive 



list of research projects. Rather, it is an attempt to provide an 
overview of the types of problems that must be effectively 
addressed if we are to make significant progress i n t o  t h e  21st 
century. 

AUTOMATION AND ADVANCED TECHNOLOGY 

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. Under this design philosophy, the  human 
operator has begun to assume the predominant role of "systems 
moni tor , "  or serv ing  as a backup to the automated systems. Few 
would question t h a t  this is the-direction in which t h e  aerospace 
industry has been headed and, indeed, appears to be going in t h e  
f u t u r e .  This approach has  resulted in an impressive array of 
aircraft and a i r  traffic coht ro l  technology t h a t  is h i g h l y  r e l i a b l e  
and which contains vastly superior capability from a pure 
performance standpoint. No one questions that the  technology is 
better, H o w e v e r ,  questions are beginning to emerge about t h e  
respective roles of humans and t h e  new technology. 

One of the  things that we are beginning to learn is t h a t  it is 
simply not true that automation is an easy way to remove human 
error from the system. While automation can and does e l i m i n a t e  
certain classes of error, we have begun to realize that it can also 
create whole new classes of error .  It has  been obsemed by some 
researchers in this area (e-g. Wiener) that in some cases new 
errors created through automation can be worse than the types of 
errors alleviated by automating. 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 mhuman-centered." Our prime concern  is n o t  so much 
t h e  c u r r e n t  Levels of au tomat ion  seen in aircraft such as the B- 
747-400,  MD-11, and A - 3 2 0  and in a i r  t r a f f i c  control concepts such 
as AERA 111, but h o w  f a r  down t h e  same road can  we af ford  to go 
w i t h  future systems? Do we continue to automate more and more 
f u n c t i o n s  l eaving  humans w i t h  less and less to do? Anecdotal 
reports are abundant, but there  is little research p e r t i n e n t  to 
either current or planned generations of aerospace systems that 
either supports or relieves our increasing concern.  

The primary experimental priorities revolve around issues such as: 
1) t o o  l i t t l e  workload in some phases of flight and t o o  much 
workload associated with programming when flight plans .  or 
clearances are changed; 2 )  the potential for substantially 
increased head down t i m e ;  3 )  an inadequate "cognitive mapN of what 
the system is doing making recovery from automation fai lures  
sometimes problematic; 4 )  hes i tancy  of humans to'question or take 
over Prom an automated system even when mere is 
evidence of a problem; 5 )  degradation of basic skills; 6 )  job 



dissatisfaction associated with the lack of a challenge; and 7) 
complacencyi lack of vigilance, and boredom. 

Our national research program will include a number of empirical 
investigations utilizing high-fidelity simulation techniques to 
explore some of these issues. This is a particularly critical 
period of time for such research to take place because we are in 
a very interesting transition period. Currently, we are seeing the 
introduction of very advanced technology operating alongside 
predominantly manual systems, and at the same time, pilots and 
controllers are often moving back and forth between automated and 
manual environments. Thus, the current environment provides many 
opportunities for controlled comparisons of. two very different 
types of operating environments. 

We feel strongly that this area of research should be the top 
priority for human factors research and development. The impact 
.of automation technology will not only be felt in all sectors of 
the aviation community, but will extend well beyond to virtually 
all human performance issues in many environments. 

AVIATION SYSTEM MONITORING CAPABILITY 

A key element of our human factors research and development effort 
depends on our ability to keep abreast of trends, both positive and 
negative, in the operational environment. Historically we have 
done a reasonably good job of compiling, integrating, and utilizing 
databases in the hardware arena. These databases have been 
invaluable in problem identification and in specifying where 
further research efforts (usually engineering efforts) .are 
necessary. However, we have not been as successful in utilizing 
or adapting these databases for use in human factors research. 

One bright spot has been the Aviation Safety Reporting System 
(ASRS)', a joint effort of NASA and the FAA, where pilots, 
controllers, or anyone connected with the aviation system can 
submit confidential reports about safety problems of which they 
have direct knowledge. ASRS has received well over 100,000 reports 
since its creation in the mid-197O1s, but has not been utilized to 
its fullest potential by human factors researchers. We will seek 
to expand the application and promote usage of the ASRS. 

In addition, other types of databases, such'as those kept by many 
organizations on incidents and operational anomalies, would be 
useful in many types of human factors studies. We need better 
standardization and awareness of human factors variables among 
individuals in a position to collect these data so that it is 
entered and classified correctly and reliably across databases. 
There is very little variability with respect to how various 
technical parameters such as engine malfunctions are classified 
across databases, but no such commonality exists for human factors 



variables. This problem clearly compromises our ability to search 
f o r  s t a t i s t . i c a l l y  significant trends. 

BASIC SCIENTIFIC KNOWLEDGE OF HUMAN PERFORMANCE FACTORS 

Many of the products of our national plan f o r  aviation human 
factors research w i l l  be focused upon very specific applications, 
such as 'workstat ion design or the training of aviat ion personnel, 
Nonetheless, it is important to recognize the  v i t a l  link between 
basic  scientif ic  knowledge and specific applications such as new 
technology or training and selection techniques. Thus, we must 
invest in the  pursuit of t h i s  basic knowledge in certain v i t a l  
areas if we are to expect answers to our human behavior and 
performance problems in the future. Unfortunately, science rarely 
provides quick answers to complicated problems. 

The issue of fatigue and circadian dysrhythrnia is one example of 
an area where the  state of basic scientific knowledge is currently 
n o t  s u f f i c i e n t  to allow us to d e s i g n  effective countermeasures to 
problems aqsqciated with s h i f t  work and long-haul operations. In 
the early  1980Fs, Curt Graeber and h i s  colleagues at t h e  NASA-Ames 
Research Center began an ambitious research program into t h e  
factors affecting flightcrew fatigue, and t h i s  program is just no# 
beginning to suggest use fu l  applications. 

Another area where more b a s i c  knowledge is needed is the influence 
of organizational and management '?culturem on human perf omance. 
We tend to focus almost a l l  of our attention on the pilot or crew, 
the  air traffic controller, or the maintenance technician, A t  t h e  
same t i m e ,  we spend very little time examining how the organization 
itself affects the  performance of these i n d i v i d u a l s .  It does not  
matter how well you select and t r a i n  an individual, br how well- 
designed the technology is, if t h e  wculture'f or climate of an 
organization is unhealthy or does n o t  allow an individual to 
perform at his or her peak. Richard Hackman and h i s  colleagues at 
Hanard Univers i ty  have begun an innovative program to look at 
these factors across various U. S. airlines. We intend to promote 
more research of this type so that the knowledge base w i l l  be there 
for future applications. 

jHlTKAN PERFORMANCE MEASUREMENT 

The development of better research.~methodology and techniques for 
measuring human performance w i l l  be of v i t a l  importance to our 
ability to accomplish the national plan.  The av ia t ion  human 
factors community has made significant strides in this arena within 
the last 10 years.  Thanks to the rapid advancement of 
microprocessor technology, high fidelity, real-time s$mulation is 
widely available in most areas of t h e  aviation environment. This 
technology has revolutionized the  researcher's ability to design 
and conduct controlled scientific studies a£ human performance in 



the av ia t ion  system. Computers coupled with video and audio 
systems allow precise measurement of all .  aspects  of human behavior. 
Moreover, the realism associated with many types of simulation 
enhances t h e  accuracy of our results and allows u5 to apply these 
results to the operational environment with qreater confidence, We 
intend to expand the usage of these techniques and to promote the 
development of ever more sophisticated methodologies. 

Another area where better methods f o r  human performance measurement 
are necessary concerns the assessment of crew performance. 
Virtually a l l  of our emphasis has been upon the assessment of 
individual  technical performance. However, we have recent ly  become 
acutely aware that most aviation incidents and accidents are due 
to breakdowns in the process of crew c o o r d i n a t i o n  and 
communication, not because of a lack of i n d i v i d u a l  technical skill 
or knowledge. As a result, many U. S .  airlines a r e  now conducting 
training commonly referred to as '*Cockpit Resource Management" 
( C m )  programs, and the FAA expects to i s s u e  new regulations 
governing pilot t r a i n i n g  known as the "Advanced Qualification 
Programm in which CRM will be required. In order f o r  CRM programs 
to be effective,  we w i l l  need to able to do a better job of 
evaluating how crews axe performing as a unit--something we have 
not had very much experience w i t h .  Robert Helmreicb and h i s  
colleagues at the University of Texas have pioneered work in this 
area, but much remains to be done. 

Approximately 70 percent of a l l  t h e  ASRS reports (over 100,000) 
involve some s o r t  of information transfer  problem, suggesting that 
in format ion  transfer  may be t h e  single most d i f f i c u l t  problem 
f ac ing  the  a v i a t i o n  system. Many of these difficulties involve 
communications between a i r  traffic controllers and pilots. A s  
s y s t e m  complexity increases and traffic grows, w e  can only expect 
the frequency o f  in format ion  transfer difficulties to increase. 
The priority research questions in this area revolve around t h e  
most efficient and reliable ways to exchange information, what 
information should be available to each, and when. 

Eliminating or reducing the system's reliance on verbal 
cammunication is of ten  mentioned as a promising solution, and a 
considerable amount of research i s  underway aimed at designing and 
evaluating the best  uses of d a t a - l i n k  technology. F e w  will 
question the need for improving upon the current system, b u t ,  as 
w i t h  other wautomation  solution^,'^ d a t a - l i n k  may not be the panacea 
engineers and designers sometimes claim. Its potential application 
raises a number of human factors questions. One such question 
revolves around whether data-link can or should provide t h e  same 
wrichnessw of information currently available verbally. For 
example, l i s t e n i n g  to information pertaining to other 'aircraft on 
the a i r  t r a f f i c  con t ro l  "party-line" provides sometimes valuable 
information on what to e x p e c t  that allows crews to prepare for 



various types of contingencies .  The urgency of a clearance 
sometimes conveyed v i a  a controller's tone of voice is a n o t h e r  
example of l'extratl i n fo rma t ion  available on t h e  verbal channel. 
In s h o r t ,  n o t  enough is known about the  system-wide implications 
of the w i d e s p r e a d  usage of data-1,ink t e chno logy .  

CONTRO 0 

The des ign  of controls and displays is the area most commonly 
associated w i t h  human factors research, but while the  focus of the 
field has widened, it will remain an integral part of the n a t i o n a l  
plan. S i g n i f i c a n t  progress has been made in applying human factors 
techniques to t h e  design and evaluation of c o n t r o l s  and displays, 
A simple comparison of t h e  cockpit displays on new derivative 
aircraft, such as the  7 4 7 - 4 0 0  or the soon to be rolled out MD-11, 
with their predecessors (B-747-100/200 and DC-10) illustrates this 
progress nicely. 

H o w e v e r  most of the advances have occurred by applying human 
factors design principles on a sub-system by sub-system basis. A s  
a result, we have not been as successful as we should have been in 
predicting 'interactions between systems t h a t  may have negative 
consequences from the human performance standpoint, This is an 
important consideration, since design changes on one system that 
may have been scientifically validated as enhancing operator  
perfomance on that one system may well Rave workload implications 
f o r  a seemingly unrelated system. The w i d e l y  cited examples of 
p i l o t s  in congested t e r m i n a l  areas with their heads  down attempting 
to keypunch in a new clearance instead of looking outside is an 
example of one of t h e s e  unforseen interactions. O u r  research must 
do a better job  of identifying these interactions by t ak ing  into 
account the performance of the entire system. 

This is an area of obvious need, but also one where significant 
progress has  been made w i t h i n  the last decade, The progress made 
in high fidelity, real-time simulation technology has  also 
revolutionized the  training world. Line-Oriented Flight T r a i n i n g  
(LOFT) and CRM programs are  now widely utilized to p r o v i d e  
realistic training in c r e w  coordination, judgement, and d e c i s i o n -  
making. We have begun to realize t h a t  t r a i n i n g  on technical skills 
dimensions will n o t  guarantee t h a t  a crew can function with  a high 
degree of reliability and efficiency. FAA policy-making now 
recognizes the necessity of C W  t r a i n i n g  for  multi-pilot aircraf t  
operations, but there may well be applications for  air traffic 
controllers as  well. In addition, CEw t r a i n i n g  programs are 
relatively new and l i t t l e  is yet known about the l ong- ten  
effectiveness of such programs. 

In order f o r  training 'programs to the best possible 
personnel, t h e  right people must be selected, and this is an area 



where much work remains. Our selection criteria for pilots, 
controllers, and maintenance inspectors have focused primarily on 
technical aptitude. This rather narrow focus ignores the influence 
of many other dimensions, such as personality characteristics, that 
may significantly influence performance. For example, in 
commercial aviation, selection criteria have been weighted heavily 
toward individuals who are 6ighly skilled technically, but also 
tend to be less communicative, and more aggressive than average. 
Tom Wolfe described this profile colorfully in his book, The Riqht 
stuff. What is interesting about this population is that they are 
working in an environment where team performance is vitally 
important (as the accident statistics testify), but they tend to 
possess social and personality characteristics less often 
associated with team performance. In this case most selection 
criteria may have been incongruent with operationally significant 
performance factors. 

Another factor that will no doubt present challenges for our 
selection and training efforts will be the continuous application 
of ever more sophisticated automation in our cockpits and air 
traffic control suites. Pilots and controllers have traditionally 
come from a segment of the population that is highly achievement- 
oriented and motivated to perform in difficult and challenging 
environments. We are beginning to see signs that automation is 
removing many of the job-related characteristics that originally 
attracted these individuals to the aviation environment. Some 
researchers have further speculated that we may need to begin think 
about selecting on radically different psychological and behavioral 
dimensions as the environment moves from an emphasis on "active 
controllingu to one of more passive "system monitoring." One thing 
is sure: there exists a significant need for extensive research 
into these questions. 

CERTIFICATION AND VALIDATION STANDARDS 

This last area is perhaps one of the most focused applications and 
is concerned with how we go about translating the products of this 
program into concrete certification and validation guidelines. 
Currently there is precious little in the way of human factors 
certification criteria. Part of the problem is related to the way 
a new aircraft or air traffic control system is developed. 

As discussed previously, these systems are evaluated on a sub- 
system by sub-system basis. Usually, as in the case of aircraft, 
the entire system is not available<.for evaluation until very late 
(sometimes not until the first aircraft is rolled out). At this 
point, the discovery of human factors problems as a result of 
unforeseen sub-system interactions is very costly. 

Unfortunately, there are no simple answers to this problem, but 
there is some hope that advances in simulation science and in the 



power of computer modeling techniques can help us address this 
difficult issue. 

The human factors community'is now in the midst  of a unique 
opportunity to begin address ing t h e  broad array of human 
performance issues that have traditionally been neglected. In light 
of aviation's general lack of success in reducing t h e  large 
proportion of human error incidents and accidents ,  there  appears 
to be a growing perception in government and industry that we may 
be e n t e r i n g  a stage of diminishing returns on our investments in 
the pursuit of purely technological solutions to human performance 
problems. This perception has contributed to recent efforts  to 
expand human f ac to r s  research and development efforts. 

In the  U. S . ,  the  FAA has rec'ently begun managing t h e  development 
of a comprehensive national plan for aviation human f ac to r s  
research. T h i s  effort will be a par tne rsh ip  of the FAA, NASA, DOD, 
industry, and academic communities. Major efforts are being 
planned in t h e  fallowing areas: automation and advanced 
technology; av i a t i on  systemmonitoring capability; basic scientific 
understanding of human performance factors; h y a n  performance 
measurement; information transfer; controls, displays, and 
works ta t ion  design; t r a i n i n g  and selection; and certification and 
v a l i d a t i o n  standards. 



- . Human error on the f ight  deck . . 

BY R. G R E E X  
Roya! Air Force: Imtitute OJt Aviafion Medicine, Famborough, Hunts, U.K. 

Despite terrorist bombs and structural failures. human error on the flizht deck 
contir.ues to account for the majority of aircraft accidents. The  Royal .Air Force 
R 4 F )  Institute of .4viarion Medicine iIA-M:; has investigated the psvchology of such 
error since the early 1970s. and to this end has used two principal techniques. T h t  
first has involved assisting in the oficial inquiries into both R.\F and civil flying 
accidents, and the second hzs involved setting up a reporting system that permits any 
commercial piiot to report his own everyday errors, in complete confidence, to the 
K4F 1.43li. T h e  latter system possesses the clear benefit of gathering error datz 
untainted by considerations of culpability, and sometimes permits system rectification 
before the occurrence of accidents. This paper examines selected examples of errors 
associated with the design of equipment and with the social psychology ofcrews, and 
suggests that some consideration of the psychology of organizations ma\. be necessan 
to ensure that the problems of human error are given the degree of consideration the? 
require. 

It has become cliched for those writing about aircraft accidents to point out -ihat.fl?ing is, 
compared with other forms of transport, safe. Commercial je: transport aircraft are lost at  a 
rate of about one per miliion flying hours, so there is some d e ~ e e  of contradiction in inciuaing 
the consideration of such events in a symposium on hazardous situations. The indi\idual 
perception of 'risk' is derermined, however, not just by the probability of a certain outcome, 
but by the subjec-jve uulity of that outcome. The nesative utilir?. of being involved in an  
aircraft accident is enormous, and this naturally afiects the importznce of the subject to the 
passenger. I t  is also true that when an. aircraft accident occurs, it is such a large and public-' 
event that it cannot be ignored, and this may heip to generate the measure of perhaps irational 
an>;ier)- about flying that undoubtedly exists in a significant proportion of the population. 

The  attention consequentl!. focused on flying accidents has meant that errors in a\iation 
have been investigated more thoroughly than errors in any other sort of endeavour, and the 
solutions that have been put in hand may well have lessons for those in less well-resezrched 
disciplines. M'nat then. makes flying safe? A common belief is that ehe commercizl piior is 2 
singular indi\;iaual, carefully selected for his or her high degree of astuteness and particular 
aptitude for the job. In iaci, the average holder of a commercial flying licence in the U.K. has 
a performance on a test of adult intelligence about equal to that of the average student at a 
teacher training college, and rathe: lower than rhe,average undergraduate's. The rance of 
intelligence scores achieved by pilots is very wide, vet even the poor performers have been able 
to demonstrate suficient competence at ,flying to gain a commercial licence. I f  safety does not 
appear to stem from the intrinsic quality of the pilots, what is its source? 

There are probably two main factors safegu&ding flying from human error. The  first. and 
p r ~ b a b l y  most important: is that commercial flying has become extremely regulate? and 



"roccduralizcd '. In flying thcre is a ' procedure' for even predicted wcnruaf ty. In leaving 
any airporr the pilor will bt provided with a set ofstandard departure patrem &at dcfinc thc 
routes and hdghrs that he rnusch achieve during that departure, and the same goes for arriving 
at an airport. If an engine catches fire, the pilot will not need to invent br think rhrouzh t h e  
bat course ofacdon : i t  will be written down in his flight scftrtnct cards. In starring or shutting 
down tkc aircraft, the safest procedure will have been worked out and cmbodicd in a drill. This 
proccss has mcanr hat  c v c ~ t h i n g  possible in fi?ing has been reduced (in terms of one set of 
jargon) to a ' rule-based ' activi- (Sanderson 8; Harwood I 988 1;. High-level decisions arc made 
as infrequently as possible on rht Aighr deck as ever). conrernplable set d circumstances will 
have been discussed, and thc best solurion and procedure decided upon in advance. This hw 
not always been so in flying, however, since there was natural resistance among pilocs ra set 
ever). q c c r  of their job reduced to t he  exercise of some predetermined set of mponses, leaving 
much Icss within hcir immtdiatc locus of conual. The prtssurc for standardizanon has come 
from safety considerations, and O'Connor ( I 987)  has poinred our that in 1933, when fl+g in 
t h e  L.S.$. was replated in a way that did not happen in the U.K. until rhc 19505. C.S. 
airliner flew 2 1 686 5 15 pwcnger miles per facalip, whvtas the Brirish figure w.as 1080000. 
The second major reason why the system is safc is tbc emphasis that is placed on the aaining 

and competency checking of airline pilots. The pilot must not only d e m o m t e  his general 
cornperence PI before gaining a commercial licence: but he must hdd rpedfic 
endvrscrncrrts on his licence for cach aircraft t y p e  that he fiics. Even then, he must pass regular 
checks in the simulator and when flying on the h e  so as to m a i n  I@: and he must be 
retested if his Ievel of flykg activity (w skill mainrenancej drops below certain prescribed 
minima. 3t is probably u u c  to say that in no ather profession inwhich e m r s  a n  thrcatcn life, 
such x medicine or air uaEc control, is tht maintepanct and checking df competence so 
thoroughly addrtssecL 

The two factors considtred above address cxdusivcly human factors considtrations: 
minimizing t h e  scope for error in flight-deck decision making through proccduralizarion. and 
ensuring that piloo are: competenr at exercising the procedures for their aircraft. h'eithtr of 
thcre facton h$? required the application of my particular psychological arptnisc as h e  
requiremenrs and soludons have been largely obvious. Gnforrunattly. ren?ictable aircraft 
condnue to  crash: and the remainder of this paper is concerned with the human factors that 

remain sdauvely unaddressed in flying. The dara for die  conclusions hat arc drawn come from 
rwo main sources. The first: is the attendance of ?svcholo@su from the Rovd .Air farce (KG) 
Instirute of Aviation Medicine (IAMj at the inquiries into (and interviews with the crews 
involved in) borh militan and civil flying accidents. The second dara sourcc is a scheme knowm 
as &c Confidential Human Factors Incident R e ~ o r u n g  Programme (CHIRP)". This tna bIes 
all civil airmen and air uamc consroilers to report their emon, no1 anonymous\)., but in 
complete confidence. to the R.4F IA-M. Each year about "10 pilots and air rrafic tonrrollers 
rake the oppormniry to use this scheme ro tell us about the mistaka they have made in the air 
and why the)- believe thty made them. KO -attempt is made here KO give a comprthcnsivc 
account of t h e  human facton that cause incidents and accidents but ody to provide a set d 
aamplcs that typify certain probkm areas. 

t The Confidential Human fnadenr R c p o h g  P ~ w p n m t  was initiatd and k -red by rhc Civil Aviadon 
~ u t h a r i ~  and ia operared by Eht RAF Insriturt othviation Utdidnc. Farribrough Han- U.K. Informarion an 
t h e  scheme and iu publimdon. Ftcdirack. may be obr;bintd from this Inrtirurt. 



The first are2 h a t  is always assumed rd attract a great deal of attention in aircrafr 
dtveloprnen t is that or the design of the controls and displavs used by rht pilot, and this is, at 

least to some cxrenr. true. t;nforr&arcly cockpit desips.arc constrained by cost, space, and t he  
number of operators that have been decided upon. Thtst are also many problems that can arise 
through the life of an aircrafr as i l  is modified to mcer new requiremenu that may render an 
initidl? adequarc arrangrrnen'i less acceptable. Thc following report was submitted to the 
CHIRP system by a htlicoprer pilot, and concerns the way ,in which pressure scrtinp WCYC 

demanded and displaved on his helicopter's altimeters. 'At 2000 ft my co-pilor'said, "f ou've 

gone below 2000 f t !  ". I replied that I had not. bur rhcn saw that my altimeter was set on 1030 
mb and not the correct QFE f aifidd g~ound level pressurc serdngl of f 0% mb '. Consider the 
altirne~en shown in figure 1. The alumettrs are viewed from a distance of some 50 cm! while 
the instrument panel is acknowledged to sufier from shake. In the AS333 Aeet of aircrait, the 
indivjdual helito~ters arc fitid with dtimerers of types (a) and (c) or ti)] and (c). As the pilots 
fiv from either sear, according to crewintg requiremen= and convcnience, a pilot may find 
himself using an inscrumen~ of type iai : ( b ; ?  or i'c;. 

i(aj decrease (bj  

FIGLXZ 1, hrrangcmcne or barometric settins conuob and displays on htiicoptcr drimeren. 

These altirncters are superficially similar, but the sub-scales and the mode of changing t he  
darurn pressurc scrdng are all difierent. I t  secrns that most of my collcapes have diEcult!- in 
seeing and sernng the correct pressures. Wbatcver happened to h e  altimerers with vecdcr 
counters for t h e  pressure retun: that w e  used to have 20 years ago?' 

I t  requires no knowledge of ergonomics of man-machine interface design to see whar is wrong 
with the altimeters described above. or to imagine h e  narurc of th t  accidenr dial the?. could 
bring about since a wronpi? ser a1dmf:cr can easily cabsc ground impact. The pracrical 
dcdrion rhar h+r to be made, however, khcrher r h e e  alumctcrs are so unra&facror\. bar the 
regulatoy authoriry should compel the operaring companies to go to t h e  expense and rroublt 
of replacing or stznciardizing them. T i c  aldmecers dearly function. and who is to assign a 
probabiliry to heir  causing an accident during their operacionai life? Wad the alrirncrcrs 
actually caused an accident. however, they would obviously be changed since we wouid know 
that tbc above probability is I, and i r  is thii fact which determines that Righc safety is a process 
driven far more powen"uI1y by failures h a t  resulr in accidenrs than by idcndfied system 
shortcomings. .4n airline operator has justified this situation as follows: .- 

Aircrew shouid be cxptctcd to be reasonably intelligent alert human beings who art abic ro 
assimilate that they are liable to norrnal human error. Conrquenrly, they shouId be prepared to 
accept xhex errors are tht ir  own rspnsibility and not pnlm everyrhiag off on some designer or 
management who cxptcr a fair day's work for a [airly gcnctovs salay. A crew member who by his 
own admission is previously aware that the switch positions are revtised on cwo similar aircrafr is 
surely capable of considerins missekction as m n  as a problem appcan. 



I r  has been implid that although ergonomic problems may bc powerful progenitors of 
human mor,  htv do not demand inrclltctual solution but simply an appropriate appreciadon 
of thc balance bccwcen risk and cost on the pan of operarors and rcgularors. It is cltarlv part 
of the rask of the applied psychologist to evaluate h e  risk that may bc inherent in a piece of 
dtsisn. but bmadcr intcresrs will inctirablr; need to bc taken into account, and tbt role ofcbe 
psychologist may be less dear, in tvaluaung the balance btwttn  the probabiliy of hazardous 
failure and t h e  economic cost of rccci6cauon, 4 

Unf~~runatcb, not all ergonomjc problems on flight decks are as~mcnablc td solution as that 
dtscn'bed above. A problem of current interest concern m@nc instrumentation. Such 
insrmrncnu may be divided into those required for scrtin'g engine paramtrtrs and those 
providing starus information such as ail temperature. Tbt  ktrting' instruments have 
traditionally been locared on Lhe front panel of the cockpit, arran~td in columns aligned wlrh 
t h e  appropriate throttlcn and in rows or idendcal .instruments (see figure 20) .  T h e  'status' 
instruments ma:, on a three-man flight de&, be displayed on a panel behind At pilots ar it 
will be the third pilot or engineer whose cask it is ro monitor them. 

On a two-man flighr deck. however, all or the engine insrmrnenss must be aceornniodared 
in view of lthe wo pilots. Since h e  front panel is limited in h c i ~ h r .  is is bcrrw to have 
arrangement f b! shown in 6 p r c  4, in which the status insrrumenes have displaced the s c t b g  
instruments ro the left, or is i t  better ro leavr thc setting insmmenu aligned with heit 
respecdve throttle levers and split the soarus imcmrntats sa &at &ev are placed on tither side 
of rhc insrruments (arrangement i r !  ? (c) Ha rbe advan=& &at r h c  insvummts for 
each t n g n e  are kept toscther and in line Gth h e  landmarks proGded bv the  &r~tdss, bur B 
h a  tse advantage of keeping similar instruments aogerhcr and marking d w h a  readings w i e r  
ro idens?. In fac~, mosr wo-pilot aircraft have arrangement ibj, but a recent acidtnr in 
which rbe crew shut down the serviceabie k h c r  than he fadry engine will doubdss must 
xrmc arruation ro bt gvea xo thc wisdom of the practice. 

Aircraft quipmetat today is far more fitdblc and capable of being mope closely d o r d  to 

the human's requiremeno than wer  b~forc, and this means zAae the onus bas moved &am 
rraining rhc pilot ro cope with what i s  practically achievable to designing a Gtem &at matches 
the human's abilities. A specific example of this proem is provided by tbe display of attirude 



(pitch and roll; information to pilots. Traditional attitude indicators ;.us'! appear as they do  
because the original devices consisted of a vertical p r o  with a horizon card and aircraft s)rmbol 
attached to i u  front. -4lthough the attitude indicator in a,moaern aircraft is likely to derive i u  
dara not from a p r o  but from a laser inertial platform, the image on its electronic display 
w'ould be familief to the users of the ver). earliest p r o  instruments. 

Such consistency is obviously advantageous in minimizing the likelihood oine_eativc transfer 
of pilot skill between one aircraft and another, but pilot disorientation continues to be a lethal 
problem in flyins: and conventional ~ l s  may have 2 lot to answer for. They provide information 
to the central or focal part of the visuzl system rhzt provides the dominant visual input to 
conscious attentior,, but do not drive the peripheral retina that is so impor:ant in detecting the 
movements of the world, vection cues. which are probabiy essential for providing z normal 
perception of orientation. Tradiriocrl ks therefore compel instrument fil;ing to be a conscious 
and rather c o m ~ l e s  skill rather than an exploitation of natural human abiiities. -4ctemprs are 
now being made by life scienusts (Grecn B Farmer 19851 to develop wide field of view atutude 
indicators to match the machine to the man instead o i  vice versa. 

, The balance between the work that is done by man and thar which is done by machines on 
the fight deck hrs progressiveiy shifted since the first jet airliners 'were developed. On  these i t  

was common for there to be wo pilo~s, a navigator, a fight engneer, and a radio operator. 
Automated engine management and navigarion have caused all but the rwo pilors ro be 
dispensed with, and automation in military aircraft h u  reached the staee at which the term 
'electronic crew member' has become part of the accepted jargon (Taylor 1988:;. Ho\v to 
integrate this electronic individual with the other crew members is more thzn a simple desipn 
problem, as the manner in which the pilot models his environment may be changing in a 
fundamental way. 

On  older airc~aft  the pilot knew that the airspeed indicator was driven by the pitot head 
sensor in a way that he could comprehend. By intevating information from various simpie 
displays like this. the pilot was able to generate his model of what the aircraft was doing in 
space. Today: however, information is sensed in hghly  sophisticated ways and combined by 
the aircraft's computers to be presented on an integrated electronic aispiay. Such displays are 
general]). reliable, well eneneered. easy to interpret. and a pleasure to use. The potential 
problem is that as they are so seductive. and since the pilot cannot possibiy understand the 
technology involved in the seneration of the displa!., he is compelled to use the display itself 
z his world model rather than crearing his own internal model from the raw dara. Although 
this shift in mode!ling mechznisms is Likel!.: overall. to reduce error. i t  may senerate a dicc 1 1  rent 
c l z s  of problem ic which the pilor. csed to trusdng his rechnoiogy. actually trusu i t  too mucn 
and fails to uulize cues thar should suggest to him that an error has crept in. The  most 
spectacular exampie of his form of error thac has so far occurred concerned rhe A r  S e w  

Zealand DClO that collided with Mount Erebus in Antarcuca. T h e  aircraft's inertial 
navisarion svstem's computen had been programmed with an incorrect posiuon. but the crew 
trusted them and were probabl! seduced into interpreting external visual information in a wa!. 
that conformed with the world model generated for them by the aircrair. 

Although equipment ~es ign ,  or traditional ergonornjcs, is not a ropic chat is presently in 
vogue among those who theorise on human error, the purpose of the foregoing has been to 
emphasize that these micro-factors in h e  aviation system are still matters ofcrirical importance 
that must constantly and individually be addressed by those human factors specialiits who are 
engaged in brinpng about practical improvements to safer!.. 



Equipment deficiencies haye thcir efiecrr, b?. and large, on rht indiv idkl  operator. and here  
are many pcrceprual and skill problems oifl!.in~ not addressed here of which the same could 
be raid. The' inditiduals on a flight dcck are required. howcvcr, ro aperart as a ream or social 
group and it  is only rclarively rtcentl?. h a t  this Right deck team has been studied to identify 
the ways in which thcir interactions mav afiect spcrarioeal safcry. Such a study suggests that 
man: of the conceprs, such as conformic?. and compliance, already &satnt within social 
psycho lo^ art adequate ra describe h e  events observed in rcporred breakdokns of team 
behax-iour. T h e  idea or 'risky shift' in g~oup decision making !that a p u p  is Iikciy to makr 
a more risky decision than r be  average member: is clearly dlusaared in rht following CHIRP 
report from the k t  oficcr of an aircraft &ar hpd already been forced ro overshoot from two 
approaches in poor weather. 

A sugpcsrior. was made that we should flv down 50 feet lower (than rht deckion hcighr - thc height 
at which t i re runway must bc visiblt for the approach to conunue~ but as this was not legal, ir was 
ruled our. We then managed to delude ourselves that 09ng level at t h e  ciecision htighr of 2% fcer 
was a IegaI and reasonabie wa!. to achieve our landing ... From my psidon I smdieo' rhe 
informadon on the f l i ~ h l  ins~rummn wirh a pawing feeling of unease .. . W'e touched heady on the 
ccnae lint. Heavy braking followed what can only be considered a 'max pesfmanct ' stop .., Thc 
prcpanr silcr)ce which foilowd rewed m rciniorcc our feelings &at we'd been p a q  to m aci of 
supreme ioll and bravado and were lucky to trcapc with a few grey hairs and stvcrely battered 
priae. 7-1 
Perhaps a more common problem in the Bight dcck team is thar wociarcd with t he  way in 

which leadership is exercised by t h e  captain and the influence that rbis has on t h e  propensity 
of the junior members of t he  crew to qusrion bis or her decisions. Examples of such problems 
are quoted by both MTheale ( I  983) and Foushee (19843, and the wo which foUow art from rhe 
ransadantic anaioye of CHIRP. The f i s t  concerns a captain who was ignoring a speed 
resrric~on from air uasc  conrrol. Afrer t h e  co-pilot had attempted a number of cimts to bring 
the captain's. atttnnon to t h e  rcsrricdon, t h e  caprain's response was 'I'll do whal I want*. Air 
ma6c e~nrrol  issued further requests which the copilot attempted (umuccessfuliy j to persuade 
the captain to comply w i h :  until eventually she captain told the co-pilot 'just ro look our the 
damn window'. Breakdowns in coordinated bchaviour art nor always.associatcd with such 
obvious dominance on the part of  onc crew member. however, as the second example makes 
clear. 

The  captarn said hc had misread his altimeter and thought nc was 100 ft lower [ban he was. I bcfic\lc 
the main factor involved here was my reluctancc to correct the captain. This captain is vcr?. 
'approachable' and I had no rcal reason to hold back. It  is just a bad habit that I think a lot of 
co-pilog have of double-checking evtvthing before we sav anything to Ehc caprain. 

Even when danger is dearly imminent thcrc can sull be reluctance ro take asserrivc action. 

In a recent htlicopter accident in t he  Sorth Sea, the aircraft was manned by nuo cap rains, but 
the handling pilor suffered a ccrnporaF /ncapa;irarion as he came ro the hover before landing 
on an oil rig. Thc aircraft descended rapidly, and the cockpit voice rccordcr shows &at 

although thc non-handling pilot appreciaccd eha t marten were txremtly  abnormal, hc 
initially rricd ro gain t h e  other piio~'r artcntion by asking him what the matrcr war. and 
actually took concrol roo late to prevent the aircraft from hitting the xa. " 



The  complexiues of the relationship between the pilots on the ililighn deck are well illuserared 
by the incident which occurred to z BAe 1-11 aircraft landing at Gathick on 82 April 198s 
(.k.qIB 19891. The main runway was out of commission and aircraft were landing on runway 
O8L. This was known as the emergency runway and normally acted as ehe parallel taxiway for 
the main runway. M'hen in use as a runwa!., OSL w u  lit with good quality edge lighting. but 
when used as a taxiway it ww lit by a set of green centreline lights. There is a further parallel 
taxiway to the left of OSL and wzs also illuminated with green centreline lights. The result 
of this rather complex description is that when the main runway was in use the pilot was 
presented with a ~ l s u a l  picture of an obvious runway with a taxiway to ia left. and when the 
emergent?. runway was in use the visual picture was v e y  similar. As many pilots were aware ~ 

that the emergency runway was 'the taxiway to the left of the main runway', there was a 
danger that. d u r b g  main runway closure. a crew might believe the emergency runway to be 

-the main runway and consequently land on the most northerly taxiway believing i t  to be the 
emergency runwzy. 

The aircraft th2t actually landed on this taxiway contained a two-man crew. In the left seat 
(normally the captain's! was a vent steady and unhurried individual who was actually the leeal 
first oficer. but who was acting as the captain on his last check trip before being made a full 
captain. H e  had given the handling of the aircraft to the man in the right seat who was a rather 
more assertive sort of individual. was a training captain. was the legal commander of the 
aircraft. was checking the aspinng captain? but wzs b e h a ~ i n g  (for the purposes of the check! 
as though he were the first oficer or co-pilot. The  latter individual had aligned the aircraft with 
the correct, emergency. runway and the approach was progressing normally. The first omcer 
w u  unhappy with the visual scene. however. and wanted to confirm with the captain that borh 
of them were clear what they were doing. H e  consequently said to the captain words to the 
effect of 'You are going for the emergency runway aren't you?'. The  efiect of this remark on 
h e  senior, handling pilot was instantly to make him believe, inaccurately. thzt he was Aying 
towards the main runway and that he should be flying towards the taxiway to the left of the 
main runway. Since he did not wish the f in t  officer to think that he had made such an error 
he replied 'yes. of course I am'. and then surrepdtiousiy changed course for the taxiway while 
the first oficer's attention was directed inside the cockpit. T h e  first officer did not look up until 
too late to prevent the aircyaft from landing on the taxiway and narrowly avoiding another 
aircraft that w u  ta.uiin5 towards it. 

Tine crew members of h s  aircrait were mature and competent individuals who were not 
tired. and who had a friendly and natural relationship with one atlother. but who nevertheless 
did not wish to be as frank with one another as system safety dictated. Stud? of incidents such 
as these sugsests that the four main factors that determine how crew members will interact are 
their personalities. their staruses. their roles. and their relative abilities. It  is o b ~ i o u s  that if 
personality and szatus act in the same direction lthzt is. a dominant captain is paired with a 
submissive fint ofiicer,, then there is a considerable likelihood that events will have to be 
serious before the first oficer will choose to  challenge the captain. Slizhtly more surprising 
perhaps, are the examples that show how hazardous the situation has to become before the 
pilot with the non-handling role will intervene in the behaviour of the handling pilot, especially 
if he believe: the handling pilot to be competent. The Gacwick landins incident involved the 
interaction of all tbese factors. but i t  also required the potential for failure provided b!. the 
ambiguous runway lighting. 



T o  prevent the recurrence of such an incident it is dear  that modification was required to 
the runway lighting, but incidents such as this also call for a programme of behaviour 
modification on the flight deck. How can first ofiicers be made to intervene in a timely and firm 
wa). that will not exacerbate the situation? How ma): captains be encouraged ro act so as to 
encourage co-pilots to air their uncertainties? Many airline are now tackling these problems 
with pro'grammes of simulator training that attack not only the rule-based elements of flying 
(shutting down an engine after a fire alarm). but that arc aimed to encourage crews to solve 
unexpected and sometimes vaguely defined problems on a group basis. Such simulation 
exercises are frequentl? video-taped to enable. for example, the captain who believes himself 
to be exercising an appropriate level of authorin. to see that he is actually presenting himself 
as somethng of a martinet. These exercises also enable the naturally submissive f i s t  ofiicer to 
discover, in a benign role-playing environment,-that it is possible to air his views and anxieties 
in ways that contribute to the effectiveness of the team operation without appearing to 
challenge the authority of the aircraft-commander. 

The benefits of improxlng crew coordination training, and enabling crews to pracrise solving 
the qpes oi ill-defined problems that are known to have caused accidents. are difiicult to 
quandfy as i t  is extremely dimcult to identify the accident that fails to occur. Sevenheless, such 
training is becoming widespread and generally accepted in airlines, and is likely to become a 
legal requirement in airline operauons in the foreseeable future. 

The issue of teamwork training described above represents another example of the type of 
factor that confronts the operator with a decision that requires cost to be balanced against 
safety benefit. It is relatively easy for the profitable airline to decide that such training is 
beneiicial, but the airline operating in a more compeddve area of the aviation system, where 
economic margins are extremely constrained. may simply be unable to undertake all of the 
desirable uaining and standardization of equipment without going out of business. The 
regulaton authority may have considerable difficulties in compelling. such airlines to 
underrake costly procedures as the airlines may accurately point out that by doing so they 4 1  
be made less cost efiicient vis a vis foreign operators (possibly operaring in a less replated 
environment: with whom they compete directly. 

The temptation for operator and regulator alike, when faced with an adcnowledeed but 
intractable problem. is to undertake some unconscious dissonance resolution by reearding the 
problem a.s less serious than they might if it were readily soluble. The c~ample  of this provided 
by the operator quoced above shows that this dissonance resolution can extend to the stage of 
what might even be temed denial. Although CHIRP was not originally designed to counter 
such beha\iour, it has an important role in doing so. 

By enabling pilots to report their anxieties to an agency outside the system within which they 
operate. constraints on candour are removed, and issues that were previously discussed only in  
crew rooms and ban  become available to be fed backinro the system in an oven way. However 
widespread covert knowledge of a problem may be, i t  is unlikely to generate remedial action 
since an operator can scarcely be expected to solve a problem with which h e  has not been 
overtly acquainted. .4 good example of this process is provided by the fatique repons submitted 
to CHIRP. -4 number of these reports are of incidents in which complete airline crews found 



thtmsd~cs aslcep whilc, for example, crossing rhe .4tlanu'c. Although flying mytholop 
acknowledged such incidents. i t  has required the CHIRP sysrem to force t h e  problem of rht 
sleeping crew to bc confronred and tackled. 

Operarion of the CHIRP system suggests that the dominant organizational factor oi 
importance ro siktem saiery is arucudinal. Management must be forgiven if: when publid? 
confronted with a safety problem, d.lcy seek to minimize its m a p i  rude, but they musr not let 

.  ems selves beliect their own publicin.. It  should be t h e  responsibility of all manapmcnrs ro 
ensure hat  when dtiicjcncies in design or operational procedures are reported, they do not seek 
to discipline, belittie. or even dismiss individuals so zs to maintain the srarur quo, but atrcmps 
instcad ro come to an understanding of the probltm and its likcly consequences to tmure that 
any possible modiiicatjocs and improvements may bc made. 

This paper h a  atrcrnpted ro show that human error on tht flight deck requires so1urion at 

all Icvtb of the  aiiation system. The csarnples provjdtd offailures in equipment aesign, faiturcs 
in crew coordination. and failures of safcry consciousness in system manazcrs suggest hat we 
should no[ be considering whether there is a parncular psvchologl.. of human error: but h a t  
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HUMAN FACTORS REQUIREMENTS AS A BASIS FOR AVIATION 
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The United States airspace system of the future is described in the 
National Airspace System Plan (NAS Plan; Department of Transportation, 1984). 
This plan, continually updated, presently extends through 1990 with the 
follow-on Capital Investment Plan (Department of Transportation, 1989) 
extending indefinitely. These plans are comprehensive, involving new concepts 
of aerial navigation, terminal approach and departure procedures, and air 
traffic control. 

The shape of the future air traffic control (ATC) system is reflected in 
the new flight service station of today. A very few years ago there were 
flight service stations stt most airports that were associated with VOR 
navigational facilities. Now, under the Flight Service Station Consolidation 
Plan (1978), one facility serves an area previously served by many flight 
service stations. Consolidation was possible because of technological 
advances in automation, telecommunications, and remote radio outlets. The 
pilot now can file a flight plan by telephone without ever talking to a Flight 
Service Station Specialist in person. Thus, procedures have been simplified 
and speeded up, and specialists, now relieved of many time-consuming duties, 
can concentrate on providing preflight briefings instead of performing 

. . clerical duties. The future ATC system calls for similar consolidation of Air 
Route Traffic Control Centers and will engender many changes in the role of 
the Air Traffic Control Specialist. 

Automation is a common thread that runs through the NAS Plan, and that 
thread raises many important questions about the role of the human operator in 
the system. An adequately selected and trained staff of human operators to 
run the evolving airspace system is fundamental to the success of the NAS 
plan. To accomplish that staffing, human factors analyses of equipment 
design, operational procedures, and selection and training programs must be 
conducted. 

What might be considered traditional human factors analyses will have to 
address technical, procedural, and ergonomic factors. Technical questions may 
focus on appropriate equipment design. This technical evaluation includes 
such factors as the placement of keys on the control panel in a manner which 
does not confuse the operator, and placement of important information on a 
screen in a position where it can be ea;ily observed. 

Procedural issues include how the controller will interact with the new 
automated systems. For example, research must be conducted that will. result 
in the development of procedures that ensure that the controller's need to 
attend to requirements such as scanning the scope or communicating with pilots 



or other controllers will not be negatively affected by the increased 
requirement to attend to how information is typed into the computer, ' 

Ergonomic analysis will address such issues as design'of work stations 
and optimai*arrangernent of important air  traffic control data on cockpit 
display screens. However, ergonomic analysis may well be more complex than in 
the pasf due to the need to consider the handicapped as well as women in the 
workforce. Thus, a wider range of anthropomorphic types will have t o  be 
accommodated in the design of future work stations so that a more extensive 
array of workers will have full and comfortable access to switches, controls, 
and panels as well as  to the facility i t s e l f .  

As airborne control of aircraft and as ground-based guidance systems 
becomes increasingly automated (computer-to-computer), the roles of the air 
traffic controller and the pi lo t  may shift from one of direct control to one 
characterized more by system monitoring and emergency backup (Gisch and 
Zimmerman, 1986 ; U. S .  ~epartment of Transportation, 1985). Characteristics 
sought in today's controller may not be those looked for in future controllers 
and the selection criteria may have to be changed accordingly. For example, 
high tolerance for low l eve ls  of activity while maintaining vigilance may 
become a more, des irable  characteristic than, say, quickness in reaction time 
and decision-making. 

In this regard, work a t  the FAA's Civi l  Aeromedical Institute {CAMI) has 
addressed issues regarding performance of humans on systems t h a t  simulate the 
automated air traffic control systems of the future. That research may shed 
some light on questions surrounding the type of person who might be 
appropriate for the future job of the air traffic control specialist and the 
type of training required for that person. In general, CAKI findings indicate 
that the ability to detect conflict situations shows significant impafrment 
under high visual taskload (Thackray and Touchstone, 1989; Thackray and 
Touchstone, 1988; Thackray and Touchstone, 1986.) Another finding showed na 
evidence that computer aiding contributed to either reduced alertness or 
reduced detection efficiency during relatively short monitoring sessions 
(Thackray and Touchstone, 1989). Additional research is currently being 
conducted which addresses performance on complex monitoring tasks under 
conditions of sudden workload changes and differing methods of displaying VFR 
beacons. 

Orher areas will also require attention. Curricula will have to be 
developed or modified to train specialists to operate the evolving system. 
That evolution w i l l  require that the workforce in place at the time of 
transition be kept up-to-date on the operation of existing equipment by 
recurrent training and also undergo sufficient initial training to be able to 
interact effectively with the new system. While training on one system must 
not interfere with performance on the other, curricula for newly selected' 
controllers, w i l l  have to be designed to encompass the new system. This 
development will be aided by the implementation of new simulators and other 
advanced training technologies. 

Identification of procedures to select  the a i r  t r a f f i c  controllers to 
operate the new systems and selection of curricula to be develqped or modified 
w i l l  be based on a comparison of the job tasks performed using the current 
system with the job tasks performed using the new system. Such a comparison 



will point to the differences in knowledges, skills, and abilities required of 
the operators of the two types of systems. 

Just as the airspace system of the future will affect air traffic 
controllers; so too will it affect pilots who will be operating advanced 
design aircraft in it. Federal Aviation Regulations and airmen's flight test 
criteria may have to be altered to accommodate new piloting requirements. 
Outcomes of human factors research studies in these areas may lead to new 
training and certification criteria for pilots. Complicating these 
developments is the reduced proportion of military-trained pilots in the 
resource pool available to the airlines. The effectiveness of ab-initio 
training programs currently under development to train new airline pilots 
"from the beginning" (Nooy, 1987), must be evaluated to ensure that the 
graduates of these programs are safe pilots. 

Evaluation of the pilot/ATC interface in the NAS system will be 
extremely important as such interaction critically affects air safety. Human 
factors analyses may result in improved communication procedures. Analysis of 
pilot error rates and their causation will likewise be important, especially 
after the introduction of automated equipment. The results of studies such as 
these will provide feedback to be incorporated in plans for aircraft design 
and modification as well as for future automation of the ATC and air 
navigatibn systems. 

The evolving airspace system will further require a new generation of 
maintenance personnel with new skills and insights. Downtime of automated 
systems will be a critical factor with reliance on automated data processing 
increasing. With maintenance personnel, as with air traffic controllers, 
human factors analysis of the job tasks must undergird successful selection 
and training programs. 

The Civil Aeromedical Institute 

We have developed, at the Civil Aeromedical Institute, a research-based 
model, incorporating the various areas of work done at CAMI, to support 
analyses of some of the human needs of the evolving airspace system. The 
original model was based on air traffic control requirements, but with modest 
modifications, the model can be applied to other elements of the FAA workforce 
and to cockpit human factors. 

Essentially, the research model defines one interactive approach to 
understanding and improving the human-system interface by a continuous 
appraisal of task needs, job design, and characteristics and performance of 
the human operators. That appraisal process is rooted in a "living" research 
data base from which analytic and predictive information can be drawn for 
application to developing needs and to address questions that arise during the 
evaluation of new systems. Because of its aeromedical base, our model does 
not include the human engineering components of advanced systems design; that 
work is conducted under other auspices but must, of course, be interactively 
coordinated with aeromedical findings. 



In the air traffic control model currently i n  use at C A M ,  an initial 
foundation is laid with the development of a job task analys is .  Data are then 
added from i n i t i a l  selection test results and a biographic questionnaire 
administered when a i r  traffic control trainees enter  t h e  FAA  cade ern^ for  basic 
training and further screening (selection). All academic and laboratory 
grades earned at t h e  FAA Academy are a l s o  stored as part of the data base. 
performance at the Academy (measured by both a pass/fail dichotomy and by 
numeric grades) can be quantitatively l inked to selection test: scores and to 
biographic characteristics as well as qualitatively compared (traced back) to 
the job task analysis. Such analyses have extensive practical applications. 
For example, biographical and demographic factors which predict success at the 
Academy (such as age, high school grades earned i n  mathematics courses, and 
expectations of future success i n  air traf f ic  control) have been used to 
target a ir  traffic c o n t r o l l e r  recruitment efforts ( C o l l i n s ,  Manning, and 
Taylor ,  1984: Collins, Nye, and ~anning, 1990). Results of other analyses 
became the basis  for irnp1ementing.a single Academy screen (selection) program 
in 1985 (Manning, Kegg, and Col l ins ,  ,1988) to replace the  dual screen (en 
route and terminal) that had been the traditional Academy approach. In those 
analyses, expected success rates and validities of f i n a l  grades in  predicting 
success in f i e l d  training were modeled using alternative weightings for the 
components of the (then) current Academy programs. The new screen that 
resulted from that work has generated cost benefits and has improved the 
selection process. 

For those who pass the Academy screen, data related to f i e l d  training 
progress (or failure) comprise another data base developed and maintained at 
CAMI. The data base can be used to target potential training problems for FAA 
management officials. For example, analysis of the data base revealed that 
pass rates in  en route training programs and the amount of time required to 
complete training varied considerably as a function of the facility 
assignment. This information stimulated management o f f i c ia l s  to look more 
closely at training administration practices and to modify them. 

The data base can also be used to assess relationships between measures 
of field training performance and Academy grades, selection t e s t  scores, 
biographic factors, and the job analysis. For example, one study assessed the 
relative contributions of the Office of Personnel Management'(0PM) written 
selection test battery and the Academy score in predicting ATC f i e l d  training 
performance (Manning, Della Rocco, and Bryant, 1989). That study found that 
the OPM rating did not contribute to the predictability of supervisor ratings 
in either nonradar or radar en route field training when the Academy score was 
included as a predictor, but both were predictive of the amount of time 
required to reach full performance level (FPL) status (see  Table 1). -. 



Table 1 
Relative contribution of OPM rating 

and Academy score in predicting performance 
in en route field training 

Partial correlation 
Criterion OPM rating Academy score 

Supervisor rating in - .01 .38 
radar associate training 
Supervisor rating in - .01 .39 
radar training 

Time to reach full - .23 - .19 
performance level 

That study (Manning, et al, 1989) also indicated that, of the tests 
included in the OPM battery, the Multiplex Controller Aptitude Test (MCAT) is 
the best predictor of field training performance at en route facilities, but 
is not as predictive of field training performance at terminal facilities as 
is the Occupational Knowledge Test (OKT). These findings suggest ways to 
improve the selection and placement of air traffic controller trainees. 

Other CAM1 research data bases that have been, or are being, developed 
contain job performance measures, supervisory/managerial training and 
development ratings, and individual instances of operational errors. Matching 
records across data bases and analyzing the resulting data is a method that 
can be used to identify elements of training programs that need enhancement, 
point to a lack of standardization in training, and distinguish facilities or 
work groups which are more effective than others. 

As shown in Figure 1, related research findings that are more generic 
but also impact selection and training programs are in the areas of workload, 
scanning and monitoring behaviors, ATC-pilot interactions, human factors 
determinations for the Advanced Automation System (AAS), Automated En Route 
Air Traffic Control (AERA) capabilities, and workplace job attitudes. 
Information from all of these areas will also influence job design. As the 
systems for air traffic control evolve, the job design will change. The 
changes will be reflected as new or modified tasks in the job task analysis. 
Identification of changes in job tasks will be dependent on other 
interactions, not noted in our aeromedical model, between human factors 
researchers and human engineers, those who design and evaluate the automated 
equipment. Analysis of task changes will lead to the redefinition of 
requirements for selection and training procedures. 

The ATC model described above is a dynamic model that presupposes 
continuing assessments and modifications. It also does not presuppose that 
ATC job tasks need be operational to yield useful information. For example, 
as shown in Figure 1, before future automated work environments become 
operational, a job task analysis, human factors analyses, assessments of work 
load and resultant behaviors, and procedures for ATC-pilot interactions must 
be developed. A preliminary task analysis has already been developed. for the 
Initial Sector Suite System (ISSS; Alexander, Alley, Ammerman, Hosetler, and 
Jones, 1988) which will be implemented about 1993, and a document identifying 
job tasks that will change upon implementation of ISSS has been produced 



(Ammerman and Jones, 1988). Elements of that task analysis, in turn, will be 
used to identify required.changes to selection criteria and training curricula 
prior to the time that the system is made operational. 

Highly similar human factors models can be constructed for members of 
the FAA-workforce other than ATCSs (see Figure 2) and for pilots (see Figure 
3). Some elements of the ATC model are deleted for these purposes (or may be 
unavailable), and other elements may be added. But all of the models share 
the characteristics of being dynamic, data-based, evolutionary, and multi- 
determined. They provide a way of systematically approaching the resolution 
of performance/safety issues for professionals and specialists throughout the 
airspace system. 

Conclusion 

Human factors expertise is crucial to the proper development and 
implementation of the new concepts of flight and air traffic control that 
characterize the FAA's National Airspace System Plan. That expertise will 
also be needed to ensure the safety and assess the efficiency of the airspace 
system during' the planned evolutionary changes in aviation technology. Such 
assessments will provide continuous feedback on the appropriateness of 
specific selection and training methods for specialists operating new, 
automated equipment. If the present levels of aviation safety and 
productivity are to be exceeded by the future airspace system, highly focused 
work must begin now to anticipate the impact of that system on human operator 
capabilities. 
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zarrep. IIocaombxy qameca m ~ o w m m  ~ ~ G ~ O T Z T L  BCB 31x1 m- 
s m  ua Tpemzepe BO B ~ ~ I A U  orpana=xwora m 7 a  nepenommora KG- 

aoma, uenecoodpe3m AeTaatno HsysaTh m B anax-dx dxac~ar. 

Kon~pnuhn~e z a  UpB27En H O T ~ ~ O W  EBBSOB n.enecm6pam 

m s  c mtmul~ CTarzcTmecmro gamma. 

Tax xe,  ax pmknz9 rtonaes n'popor~ahlpa umera, azmox =yo- 

~npmaxns na W T C n  KECW:. Oda OE c o a e w r  n o m o m u p  a m- 
p u e n q u  coc~-e. O~nsnbh-ie nanapem mr~o11 n p w  

?noryF aa:*rmbcn B npnenax ~ C T O F . ! :  W C T ~ ~  E!.-a 
pmm mmyaTawamm p m 2 .  E p  B O ~ ~ O ~ ~ ~  m 0riaz.a 

SW X~~~CT 'BZ  C m k X  BOX=* UpOm%a EOEWa 6.3% ZXTSa- 

Ha. hWgtr'E~ ~ ~ 0 3  E ~ c w : ? ~  UOK23.23 Ha PC.?. Ire- 2 o ; l a R  

na OCEOU u x ~ e . a i ~ a m a  B ecTecne8:ax ~ J E ~ A O B  0~b;?3a PC- 

uoaaan Boa&- c.sryatm,  ~ m o  m t i ~ & z w p ~ e ~ b  ee, u p ~ - ~ b  

p e a e  no atidopy EOBO!~ prga..ra, o c y ~ e c m b  d e a ~ d o ~ ~ o  a 

b h t ~ p a  rtepxon ma a!qj tprpxrpa.?c7 la m e e  TBTXB p e ~ 3 W m T a T b  ee 

lVlU ~ ~ ~ O ~ C E O P O  B a B P p m  E M I T * .  BTB BQSUOHeETU, BFIIW- 

~ ~ R T C C  p e z e ; ~ ~  C O C T ~ ~ ~  nepmrna w c ~ m m w a .  -2- 

o d p e m .  s gacswm, m ~ r s . - m o ~  3 ~ 0 t  r~ditocm, Ea noriyc- 

RaTb mtl( a d o - $ .  . 
Ra p c . 8  mpacmew Tmoeue midm WOTOB, wmemt I 

S~TEW q o m m c ' p ~ ~  B upmike wpcBem~% a~:c$a~- q=- 
wcm .canmeme. &a a mamm peznmx,qmmecme mbs 
FBoghTCn L B H Z ~ W ~  o m o i i e m m  OT B T ~ O ~  napaider;lca anrr 
m p e W m D  Jl$OUem. TO B JCB- ~ O ~ Z l W l b H O  Bi-53R MBCT 

omdm B P e i e m .  BeeePfim BIidop vrpw, H B B I ~ E I ~ A  me- 
w ontasoe. h - $ a  -. B W C T a T H a  obpsef~~ocrn mu 

#gyrm mm JWLVC~WH men& rpydnc : d m  mn nc!ama+ 
m e m e  m u .  .- -.. , .. . 

PacCMameme BET= nanpmesms odpemm ~ B H O  KB. 

w c m m o e  q-me ~ 8 p o r n o c ~ n  T ~ E X  O&OI;, Tn-11 obpasm 
ga C-IBT n m e w  rtr c n v ~ q o w  mcmm asm1arnaqososmo s- 

p~i (CM) u nekmmTylm m p a ~ ~ m  e anerq- Icnaccax. . 

Umcm om!lypy  CM. Ha WTWX mcmelcr W C T W  KUn 

mpcombm =,i @ = m e c m e  napwerpu mmww I m e w ,  

psaan3ye~.we a qauecce nmeTa ua rpemsepe, COi'tOCT2.FiU-5DT~.C pm- 

ao- ~H~Y~!TJXJU. %cb m-rca m r a ~  Eenpepm&t;P, C?X E 

- p a m e  npcnra'ptl. Ilpn ma-~esrw OC - a o=asu B B O M ~  

~ T ~ F I * T O ~ J  mu a e m T f i e c m  - aTMoA tmozemo n e p c w a a w s  
N e  a m  no3emner mclpyt;mpy d n c w  E d e ~ m  xmp-OBBTI 

naRc~awr xjpesla, ~ C T ~ R W B B B T L  c o o ~ ~ e r c ~ m e  aTm E ~ ~ C T B ~  mro- 

paw, noxa3amor.m R& pm.7. Tamv dpaam CAK noJBME2T T- 

Oll9-aTb TO580CTb I l W l I C t B O  v . P B T m  p8lsemC. ~ O T ~ O -  



semo  nocne nonela. B a r o m p a  aTonry peanaaye~ca w r x a - i o e  

K y p c a ~ ~  M O Y T  nC~~b3OBaTb CXCTetdy E ,&lb? ~ ~ . ! 0 0 6 y t e H ~ .  - 
ocsoeme nporpaatiit. B 3nex~porrao1.t wracce e iq  nanzzs 614.5 upone- 

M O H C T P ~ ~ ~ O B ~ K H  ~ O C ~ E A C T ~ ~ ~  aeBepmx n e 8 c ~ s G .  

B pe3yJbTaTe MitOrMeTHFX EcCJenoW.HE3 d u n  oTpadorex 0 O u r ~  

E CTpyirTypa CAK, p s ~ d o ~ a n o  npoqamxo+eToppecxoe odecneneme, 

BHdpZ3l4 OUTZWlbZe @opdaTh' hr-02 Fg@EKZ, C 0 3 A 2 N  r a x e m e  

H a~cnegE!!BsTmsae obpamr. B aacTomee Bpem CAX rEsemaeTcn HE 

o ~ e s e c m e m ~ i x  ~ p e a m o a x  aospro noxonenm. -- - .  ' - . ,  ' 
- .  

- Tanosbie Wpua~rr CAK n o m a m  a a  p~c.9-12. Pacc~oTpD.~ ma 

upmepa @op:Ar npen~TapT0~0fl I IO~OTOBKE caxoneTa ~ y - I ~ G  (pEc.9). 

~ x a w  oneparma, nopnezri.me cornacno PI3  smonaewxr KOXXpeT1lh23 

ueHaT.m ammza: Bnagane a ' enem UBeTOM src==-zmae~ca o w a m &  

~ a b o a  ripoa~zypApi8c. 3%) . BhuonHeme m s ~ o i l  npoqema  !d3I.:ei;?e~ 

ee WeT na  zen~ufl.  Oraiospe~emo na  m c m e e  s w a e ~ c ~ - a p e : i ~ . ,  oncen- 

THBaef,iOe OT Ea'4~bHOFO MO!.leHTa; U 0  TelG0-q AHCTmTOp C n L Z T  . 

p~1006xe1.i .  T&iil odpa301.: nerxo Y C T ~ O B S T ~  1 1 p a ~ ~ l b ~ o c z 3 ,  nan;;o~y 

E UOCTlenOB2TeHSHOCTb BHIIWHEeMbX 0neP%X":. 

Ha noclepy-LmX pnc. noxa3ZLW @OFLaTH DM HOP:.215iiO~O li 

npepszizoro BmeToB, a ~ a r z  m a  riop!:mbh'oC n o c w .  Bce o m  

~ O K 2 3 k E X I I  C a t m e c m e -  ss ~ T Z T O H K ~ ' ~  3na~ . ewa  TpexTopKz; napa,?eT- 

pos, nonoxer-=re opranon ynpaaner;zi, a T ~ K X  Bsmoniiebze A;.cI:pemc 

o m  p a d o r a k  B ~ a m o u  xorn-emom cayrae. 

. ~ ~ U H T a i i 8 E 3  ~OBOllzm~Cb Ha 3XCUePESeHTaZbHOhl UyJrbTe, 060py- 

AOB~ARO>I Ck;: E na T~JPIIZOEHO~I nynaTe TpeEGTa ICM: - Ty-154S. 

cxadxekio:.~ 1rp=dop21.3-nOBTOp~TenW.~. k n o  BkiuanHeHo m e  cepz! 

E C U H T ~ ~ ~ ~ ~ .  B nepaot (prrc.13) @~cuposa;izcb ~ o n a s o  aesu.oJIe;i..e 

E H C T ~ ~ ~ T O ~ C : . ~  0 ~ 6 1 ~ ~ .  B upoaecce a ~ c n e p ~ e s ~ o ~  6 w o  yc?aiio.j;eao, 

¶TO HapISnjr c npo~jc~(oiit n e ? ! c ? ~ n ~ e n b ~ ~ x  omdox KgpcanTa ~ C ~ J Y K T O ~  

ca.1 nonycxeer upOi:2., yxastaafi xypca~ry  Ha omdm,  xo~opwr TOT 

tie c o s e p m .  D.5 ouehyr   TO TO l i i inem~ 6 m a  npoaeaeaa B T O ~ U  cepcs 

n c m r d : ,  pesynaritu x o ~ o p ~ x  nom;aaa% Ha pxc.14. Xarc r j i o ,  c 

nor,!olqss ~xcneyaae~tanbi ioro  UyXbTa ace 5 ~ : C W ~ T O P O B  ci.:ornu ~ 0 ~ x 0  

ouelirrm neCcTam o6-p26mwCfi, B x i x a  nanaocTb~ norryueh?i;.e OGZ~KII ,  

101iirLX 0EEId0K DIICTP;ltTOPbl He o d s a p ~ m l i .  b Tp2GZEOHHC;.: IIYnbTe 

~ q b x o  ma ,mcTppcoFa  sl;wx??- Bce oncidi~; y Tpex o c ~ a ? . ~ d ~ x  octa- 

nncb aesa.:eqe=:.zi OT 10 no 503 n e . ? c ~ ~ z ~ e z b - d  o ~ d o l ; .  E j e c ~ e  c 

TCU ac3 EHCTF~".::O~ xa ~ p w i w o w o : .  g r a t e  nooyz~r-ln IQO>,;--. 

06wapyB B I 0  - 25% W e B  no&e omdm.  . . . 

llapuinenbao q e o m C b  nczxoQx3nariormecsze Eccnenoszkx 

perrTenbi!ocm micTpE:ropa no i teTome " P e a e i ; ~ ~  BHirr.:ahX". CpeEee 

m o c b  a a  70%. ¶nc?o o ~ d o w r n  p e ~ d d  a a  cse~oeoi i  c x r ~ z ~  npc 

p a d o ~ e  E-cTyyxTopa 3a T ~ ~ ~ S O E = . I  uynb~oh: B 4 pa32 donboe, s e x  

U p  UCUOJlL30BEELTJ Cfi.  Bce 3 T 0  F23HBBeT Ha 3FiaYZTeJIbHOe CHLIEZIe 

~ . 2 E O C T U  p 6 0 ~ ; ?  EHCT;DJTiTOp2- . - .  

Jinx TOrO, sro6-v 3aBepD3Tb pzcc!,$o~pesze ngepnarae?:opo Han- 

p2PJIeTZE, CJe.ItJeT OCEeTHTb B W O C  TeCTqOE2ZUf. 3necb 32JaYa 

nocTaToq;ro acaa: aeobxo&i.:o n 0 ~ 2 3 a ~ b .  ¶TO c 0 3 ~ a r m 3  qeiraizep 

~ f e l i c ~ a n ~ m a s o  crocoden odecneqiirs a ~ x ~ m s o e  o d h e r n e  E nepey- 

nEEai-LEe W O T O B  Ha HOBHe Ca)llOPleTY. ~ P E I  3TOM XapaKTepECzIU5 UU- 

nOTUpQBaXUa non31-5 COOTBeTCTBOBaTb 3T~OmiI~319,~ Omd;m, rrpmo&s- 
me ic nemmt rrpozcnecTaliFI mn K EX q e m o c ~ n m t  n m x a  dhi~h 

Ircxnwe%, a e=r;Tae HeBephvx H ~ B ~ O B  EC%?-?YO. OCBOBOZ ?ec?a- 

poswr.  m s e T w  yco~.nnraamdtcfi reaoc: Tperrasiep nanxati o d n ~ ~ b  

He CTCJISI(0 1~?2l~~~.:27bi30fi aPei[BaTiiOCTJa MpaXTep::CT5Z7:. Cl;onbl;o, 
o ~ ~ c z ~ K I B ~ T ~  C BECOSO% H29e.Z5OCTbD Qop;.qosur;e EaZLXCB DM:-:OCTbh 

ueFE2THLY TeL:, SOTOpHe COOTE2TCTBY3T 3TuiOhSO:Tg a j i O T ~ O B a i 3 X I  3 

s ~ a d a ~ t r a a r n c f i  a ~ a n j r o ? . ~  nmeee. 

. . Ilp!xsax+o, s:o 3KCIIeFTSEe oueslm TpeiaseFa. @c~x;myertue neT- 

VJiOA1-ilCIIblT3Te.?Eiii, COBepAeXZO HnZOCTaTOTSS, XOTR 6 2 3 ~ ~ 1 0 ~ i i 0  iieod- 

XOAZfi&. ~ O ~ T C : ~ I Y  HQ.X ~ 3 T O F ~ ~ a T E 3 ~ O B ~  3TOT ,IT'OIiBCC. Bo-Iie?am, 

DM c0on.sies.z 065ea~:mhx oriescs 11cnonb3o~uiacb c::c=e!.:a aaToi.:a?;:- 

32ii0a~+-i05 pErEC~zZZU, 06pado~:z U BU92YE AX-= (C>TC!X3J). :i 

3 @ C b  dwa Q3!2.:e3253 y?.Z@--~T0325<22 @F;.~TB BKS2Yi l ' p ~ ; 1 4 . ~ ~ ~ 0 2  

EEop.!cm. ~ ~ T E I ) z ~ ? . x  JIeTHtIX CepT~III(.TqXoHHHX IIcmTe-3 CE.:OneTa 

r! K C E T ~ G ~  T~D?L?~;a B2Z3EZ'I!ZCb-B B1I.W Y ) - x ~ ~ ~ c B ~ ~ -  =&3Z::ja 

mn n z c m e z ~ x  n~-=+m. . . . .. . 

Bo-BTOP~CC, ECZ011530E~7,laCi C2CTe:S 22TO!:2TP:Y.ECLOTO E 3 I G T 6 -  

p o s a . 7  ~ p e s ~ i i l a ,  e q o a c n :  ne!?cra:li !'~~a.io~zo;o nenxxa '  

. Mcntr~z;~? ~ ~ s ~ s p o a  upoeoari~ca E Tpa 3 ~ a z a .  Ea nepaou EC- 

mTt%eCR O C S O E Z 2  KO!.ZOileSTE. ETOpClA KCI7YTL2aGTC.E TT;C!Y&52? 

s pea-.ie a ~ ~ o ~ r ~ ~ w e c s o r o  m o ~ q o ~ u x ~ .  npa;tep x a ~ ~ ~ e p ? - c ~ ~ ; ,  

m a o ~ a x  HC~Z:L=S? ca:one?a, n 0 ~ 3 i 1 3  aa  pac. 15. - . 
Ha  pets sex 3 ? a e  ~ p e a 2 ~ 5 g  orreammi sticozom;lng~x~oea:-r.-r.sa 

n e r ~ ~ i - i i c ~ ~ ~ r e ~ - 7 .  Ilemm, p z e e  He padoTa2F.& na ~ p e ~ z : e p ? ,  no 
I ne---,.--- ICSIYIIL iia ca;o.:e?e, nmiies co ~ ~ c r ; o l - q e ~ n e l ' .  n o m ~ a  n o z ~ e p -  

.UlTb BCBiiOZHOCT5 peLiH32m~J JTa.iO%LY X2pa;iTepXCTTi. WOT:QOBel% 

a m x . x e a x . 3 ~ ~  ,~.z?t.? ,Eon;= ~ Z L > ~ . C L ~ O S ~ E  c ~ C { L O ~ ~ . C . ~ P $ ~ ~  
Ta~x.1 oGpazc:.i npOSeAe;n32 xo,Mnnel;c pador noxa3a.7, ¶TO HZT- 

pameme,  mirei-pwjwee Bce ee i i cTmeme  a a  pac. I ane:nexTd, 
~ K B T C X  Becbva ne3cnex~m&-~ E M O ~ T  BHecTn c m e c n e r i ~ ~ : ;  ~ . i i ~ a . ~  
B Fezeiiaa npobne:m CEDIZER~R orosuaTenbHoro a~~m-xi q&loEegecxoro 
.*3:.T*72 , 
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OWM6KM MHCI'PYKTOPA. 





M~B~CTHO,  TO n3-3a O T ~ ~ ~ T ~ J I ~ H Q ~ O  B J I ~ M  YeJoBezIecKoFo 

Ha ~ c x o ~  noaeToB B W Q P O B O ~  n p T m e  npMcxoAMT exeromo 

OT 70 A0 80% aBHa4MOHHMI FIpMCmeCTBHfi H IMIJHgeHTOB IiacTOpXH38- 

eT H TO o~cToRTWI~C'FBO, W O  pe3KOFO IlepeAOkla CHMBleHm 3TIIX CO- 

bmt~Ct noKa eqe 'He HaMeTwroca, 

~ ~ c c J ~ ~ ~ ~ o B ~ H H R  COBeTCHElX H XeTHbDc C n e ~ t I C T O B  3 06- 

JlaCTH @ K T O ~ O F B  &a VElrlHH a B w O H W h M  I ~ ~ A c ~ ~ c T B M ~ ~  (An) I3 
m e m o e  B cHcTeMe "sa~naw - B o a w o e  cypfro - cpega" (33CC) 

l l O K a 3 U K  X a p a K T e F  T H 3 H a K O B ,  Ha @El!? K Q T O F  lTpHCXOJJMT 

aKcnnyaTaqm aa~aqkiomioR ~ p ~ c r r o p ~ o B  cMcTem (AX . T ~ K ,  sepom- 

E O C T ~  O T K ~ B  B B ~ ~ H O H H O R  TemmH (AT) B noneTe n o v ~ ~  B 3 F a  . 

donbme i3eposmocTH fro nycxaew 0~11460~ n e T m  a ~ ~ n a x a m ,  o p , ~ a ~ o  

nepexo,q omdort gJIeHoB nemoro 3mnam B ~ a ~ a c ~ p @ r n e c ~ y i o  mTya- 

upo doaee veM B 3 p a  Bme, seM q w  oTna3e AT. Xapc~eph-m HB- 

meTca M TO, YTO rrpMpoga 0 m 6 o ~  W I ~ H O B  3Klm- eqe cna6o Mayuena, 

a alp0 3aTPY)JHEeT K O H C T a T a m  KX l l P ~ O - G T ~ J l , C T B e K K h D C  C B R ~ ~ B  Ha 

@ ~ e  m o r o ~ ~ o p ~ ~  c06m~fi. O V e ~ w o  fi, YTO 80 2/3 Afi, no C ~ T M  

gena, n p  ~ c x o p p ~  m-3a sienpmbmro rrp~ti~~m pemeHwr a ~ s n m m  

B Pa3AlNHKX 3KClUIyaTa~OI-MW Y U O B m  l'I0JIeT.a. 

3 ~ a  Aamue ~ a r - o  ~ O H ~ ~ H B ~ T ,  s ~ o  qeJrose:s, aBmeTcR, ec- 

nH He c a ~ t w  cnadb~ha m e H o M  B ~OnTy-pe~yrrpa~~len~~ b o n b m w  O C O ~ O  

&TO- ~ ~ [ O ~ ~ O F M ~ ~ C K M M M  CHCT~W, TO, no ~paiWeR wpe, c a w  

Man0 KCCnesOBBHHhlM KO MnOHeHTO M, 

O~pqalrenbnoe a r r m H e  venoBerIecKoro W T O ~  n m T ,  npwe 

BUeFO, B O ~ J I ~ C T M  nCMXOI10FWIeCXkiX U R C H X O @ M ~ M O ~ ~ O F ~ ~ ~ C K M X  O r F H -  

YeHMn 9eJIOBeKa, K O T O p e  IIapSny C donbmofl M~II$U~~WJ,HOHHO~~ 3Ww- 



IKeHHOCTbU B TIOJIeTe, ~ 0 3 f t ~ ~ e f l  OCT@ J(@.@wT BpeMeHH TII SrpWR- 

TMH P@meHUFf, BMCOAO R 3mrp10~a~lb~0 fl H B T W ~ K O R  Ha ~ H H I I = -  IlPli JIOKa- 

J I M ~ ~ M  O C O ~ ~ M  cx~yaupil M apyrmm ~ e b n a r o n p m ~ w  @FCTO~~MM H 

HX C O ~ I ~ T ~ ~  npmogm B o n p e a e n e m  y c n o s m  K B B I I ~ ~ M ~ H H M M  

npMCmeCTBMRM. 

P m y ~ e e ~ c ~ ,  3ro He C T ~ B M T  Hac Ha n o ~ m p m  d p a ~ a n b ~ o #  H e w -  

6em0 GTM aBMa~oHtibM ~ ~ M C E ~ C T B W W ,  a KaI ipTs l a ,  iiOSZCXiiST obaax- 

THano pa306pa~bc~ s npa6ae~e Yenosevecxoro @ m o p ,  ycTmoBHra 

npmmxo-cneac~aembre C B ~ M   ill^ M .HaMemiTb rnasme n y r ~  h106~1~13a- 

qm YexoBevecKm ~ C ~ ~ C O B  H H ~ M G ~ O J I ~ ~ O B ~ K H ~  peqepBoB Ha HX npe- 

AoTspqeme s H a  ,~az~ec~seHHO HOBO fi o moBe BecTx n p ~ m ~ ~ m e c ~ y m  

p a d o ~ y  no MX rrpepynpe.mSqeum. 

Wccnegoe&m noKa3arrH, YTO noBmeHxe WBHR HEIHE~OC'GA 

+ y m i y o ~ ~ p o a a w r  ~ e n o  sevecxorb aaeHa B' K O H T ~  y n p a ~ ~ ~ e h * ~  s p r a ~ ~  

qecsm HomneKcow BBCC ~ e o b x o ~  aecm no c n e p  r n a m m  

HanpasJreswm: 

- a a a n ~ a  M: nocaepymq~fi c m ~ e 3  I r r p o e ~ ~ ~ p a a x ~ e  1 npqeccoe 

ynpnneam ~ 0 3 ~  C " ~ ~ , H O M  B o)PEI.54dew ~ U I O B M F I X  A 0~06ha~. CHTY- 

a- TI0 KPMTePW ~ e : K H O C T H  geRTeJIbHOCTH W e H O B  3 K H n Z I B ;  

- IIOehmreHMe ~@@KTMBHOCTM CMCTeW EFQ@~CCXOHM~HO fi llO,ll,FO- 

TOBKM yneHoB ne.rmx aKMnautei4 no K ~ H T ~ ~ K R M ;  

- np$eccxo~arrb~o--nctnronormec~~fl o ~ d o p  KwmaToB JIJIR 

JreTkio fi ~ ~ ~ R T ~ J I ~ H ~ c T H ;  

- nOBhmreHtie YP39HR 3PFOHOMHWOCTR U ~ ~ ~ O T H ~ ~ ~ H O C T A  B B M V -  

OHHOR TeXKMKH. 

IIOHRTM~ H ~ ~ O C T M  YenoseKa RsmeTcR J I O ~ ~ ~ C K E I M  BMBOAOM 

~3 ~ C c n e ~ o e a n ~ R  no Ha,qe*mocTM Temmm. 3 ~ o  noemue olrMeqaeT Ha- 

nmme HenocTomcTsa pa6o~o  c n o c o b ~ o e ~ ~  qenoseKa. C Y H T ~ N ~ T ,  YTO . 
onrvt6~te ~ O ~ L B ~ T C ~ ,  xoraa p 6 o ~ o c n o c o b ~ i o c ~ b  HaxogMcR 3a npeAenm 

a a 4 a w i ~ a  ~ O ~ ~ C T I I E K  r p w .  H ~ m o c ~ b ' r ~ e ~ ~ o ~ e ~ a  Torna onpe,qencI- 

eTC;i K a X  B e p R T H Q C T b  T W O ,  9TO npM 3 ~ 0 f l  p 6 o ~ o c n o c o 6 ~ o c ~ ~  He 



6ypyr rraasncrrbwx om6nw. B CoapemeHHtdlC T e o p m  O ~ R G ~ H M E I  YI oqeH- 

KB C X C T ~ M  " r i e x o ~ e ~  " ~ e ~ i i m a "  M C R O J I ~ ~ ~ ~ T C R .  B OCHOBHOM Asa ~ H R T K R  ; 

n c m o n a r m e c ~ o ~  H ~ ~ ~ O C T M ,  06ycnoene~o8 O ~ ~ O ~ Y I ~ I M M  A ~ R C T B M M M  

6e3 napymetutn ~ ~ ~ o c n o c o ~ ~ o c ~ a  o p r m a r a  ( y - naqe.;irac.rb) ; 

@w ~onortruec~oA H ~ ~ ~ O C T M ,  B ~ B W O  ti apeMemm cHmewieM pa6o~o- 

C I I O C O ~ I ~ O C T X  H3-38 Y C T a O C T H ,  CHHKeHlle ~ O ~ ~ C T H  M T .A. ( - Ea- 
~ e m o c ~ b ) ,  

&M 0qeHKM Hq&XHOCTH CMCTeMM "3~~l7a;l[ - BOsp*yrwOe Cy,UJio - 
cpegaqa mbonbibmee aHaqesMe meeT (Y - ~ q q e z o c m ,  o n p e n e m q a  

qeneHanpaneHHye Aen.renbno C T ~  ynenoe aximam. 9 - ~qqe:mo crb , 
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po8 pacnnawsaenx opranmw sa ,qocTmeme onpe,n,e~ewoft - ~ a -  

fiCXElt3 CTtl . 
B C B ~ H  c arm, rrps orrpefiemtrtr ~ q q e . l a r ~ l c ~ ~  CtrcTem 3BCC 

qenecoo6pmo ~CmftMTb He H3 HaPpeHKA p 6 0 ~ 0 c n o  C O ~ H O C T H ,  K8K 

 TO n p m m  B TemmecKm CucTemx, a 1.13 HapylueHm KaqecTsa 

~ ~ O H H ~ B ~ I - I ~  no oTHomeHm K aw-08 yena c P e T m  "qexd' 

AeSTeJbHOCTH. 

KarZECTBe fiOCTa'SOW0 ~ P M T M B H ~ D I  KpMTepMeB Tki OqeeHKe 

HaffelRHOCTH AeRTenbHOCTH 3 K M l l a j K a  mFYT dKTb I.ICllOJIb30BEUibI 3 e P R T -  

H O C T ~ ~  nu~a3a~enn  ~ ~ ~ O ~ M ~ Q ' M O C T ~  ( Pzo ) il CsoespeMeHHo cTa 

c Pc8 1 smomexwr noc~asnes~ofi aaAaw. B KavecTse Kocaemoro 

noKa3aTenR HanpmemiocTw Jea!rexbHocTw n p m T  KO@WH~HT 3a- 

rpyxemacm ( K3 1. 
Mccneqoaarm~ llOKa3ma, YTO BCe HOIXBCTBO O W ~ O K  t I I I a O B  . 

38MllW IIO CTeceHH OnaCXOCTM MOXeT 6h~pb K I I ~ & @ M ~ B M O  Ha 

TPtr KaTeFOPIIM: 

- O & ~ K K ,  nOM@ A O W e H w I  K Q " P F  B e p R T H O C T b  aBMayMoH- 

HOP0 npMCIUeCTBUR W T W e C K M  adcam~sa; 





emomeawr 3~anx:rre~ ~ J O K O B  o n e w l t i  eo moroM onFe,qemeTcR xa- 
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M @FMM~J~WP H&p.Y(HOCTb AefiTeJIbEOCTU BHBRaXa l70 I O ~ ~ H M M  KPHT~- 

F W  B OmaeSllbDE YCnOBMRiC M 0m6m CHTYaWGiX. B B O ~ C ~ X  KoHCT- 

p~ilpaBEiHMR 3neMeHTQB CUCTeMhI ~ ~ ~ D @ ~ C C M O H U ~ H O ~ ~  flOJ,FOTO BKM me30 3 

nemoro 3~~rraxa K ~ K  M B ~ a n p c a x  npoeKTHpoemm OCHOB np@ecctro- 

H ~ J I ~ H ~ R  AeRTefibHOCTM neWbM 3~kinZXefl no BM~PHKMM ~ p k I T e p W  n0Ka 

donbme smapm~a,  Hermrem saymoro o b o c ~ o a m ~ .  IIpmmoA E J T O ~ O  

RBJLR~TC.CI caa6ai1 Hayww np p 6 0  ~ae.  ~ F E C T ~ T ~  Aeme,?BHo CTH 

JieTHOFO 3Kmm IEO BCeM nOTOKaM PeWeMhnr 3- 0 IIOJreTe, s T 0  He 

nozmomeT pa3pabo~a~b  Fe-qw mfiesrb AeZtc~symqero m ngwrme 

3KSIna;ia, K O T O p a R  RBJLReTWI C M C T ~ M O O ~ ~ ~ ~ ~ D I Q M M  @ I C T O ~ M  A;IK I T p & -  

THPBBJ!kC3 B C @ ~  * F C I @ ~ C C H O H & ~ ~ H O ~ ~  n0,QTOTOEKM YXeHOB IIeTHOFQ 3KMna- 

xa,  ~ ~ U o p a  q e s a a ~ m  M ~ T Q A O B ,  cpeAcra a c o g e p m  o6yve~m no 

x p m e p m  H~JJEXHOCTH BmomeHm nonera. Paccneaoaw~e amAqMoH- 

HhlX ~ ~ P Q H C I U ~ C T B B R  rIOKa3hIBBeTp YTO B KPMTWECKMX CtlTy- KO-- 

mp 3C u wesi neworo a m n m  ~e ~ c n o n b s w ~  WenqsecFi pe: epeu 

n wJro8ewcme pesypcu GZR n o ~ m 3 a 4 m  oco6oR C H T ~ ~ I J W  ~ 3 - 3 a  OT- 

CyTCTBMR Y HMX C@PMHPBWHHX ClleWaJIbWX HaBbMOB M mex.~~R, l7pH- 

0 6 p e ~ a e m  cnewanbmm T P ~ H ~ ~ B K ~ M .  Swat~a 06~qexm CQ CTOMT B 

TOM, U T Q ~ H  C@pl~po~a~b 3TM CneqZnbHhIe HaBHRH ~ 6 0 ~ b ~  B 0 ~ 0 6 ~  

CMTJJatJJMX, T m M p B a T b  U IlOAT4@pBBTb W. Ha HEO~XOAI.IMOM W B H e .  

M~emo  TO MOXeT c ~ a r b  r a p ~ ~ e f i  d e a o n a c ~ o c ~ ~  noJreToB a qacm 

ti=@.WO CTM AeRTeJIbHO CTH %JlQB?VeCKOTQ 3BeSa ( @ K T o ~ )  B Fa3 31S-N- 

HhE 3 K C ~ y a T 2 I J H O H H K X  Y C n O B W X .  Eeodxow~o OTMeTMTb,tlTQ B ~ W ~ B O #  



x (Cockpit reog ource * a n e p w Z  &AM, a T a m e  v ~ n ~ ~ m 3 x ~ ~ -  

H a  B CCCP. 
, . 

~ ~ ~ @ ~ c c H o H E U ' I ~ X ~ R  I l O A r O T O B K a  likUIOTOB, 0 6 e ~ n e ~ M B a I C ~ a l ~  @p- 

o 6 p a 3 0 ~  n o n e T a ,  n o 3 ~ o n x e ~  06ecnevx~b ycnemoe n p m a T a e  p e x e H m  

B P a 3 J I K W U X  3 K C n A y B T a P m  Y C A O B W .  

H C C J I ~ A O B & W ~ R  ki 3 a n o m t l s n r a ~ c ~  C O B O K ~ & O C T ~  onepaw9 yxe 

n p e , q c T a s m e T  cob0 3 npo@eccxo~abhMm wrenem, 0 6 n q a 3  ~ o ~ o p m  . 

M O W 0  O C m e C T B J i R T b  llOMCKM Fa3JIHYi-hM p e I I l e ~ M f i  B COOTBeTCT3MIi  C 06- 

C T ~ O  BKOE. ? i \ l e ~ i 0  O q Z I 3 2  CMTYaL@CM k i  i ipMHiiTXE CBOeBFe2,EFSCi'PJ M 

n p B K J I b H O r 0  pe!lIeHMR RBJIECITCR ~ ~ o @ ~ c c M o H ~ J ' I ~ H o  B&XHUMX Kar leCTSahfkI  

l l t z n O T a ,  n03 B O . l R O w W  H a e X H O  ~ ~ G C T B O  B a ~ b  B O;iGl@e!,lAiX YCJIO aMRX 

n o n e T a  M oco6m c x T y a q m x .  

~ j q - ~ a ~ o  pememe n p o 6 n ~ m  ~ ~ ~ F - ~ L ~ O T K M ,  E ~ E K T I " . ~ B ~ H M R  M me- 

'gpexm C W C T ~ ? ~  r p i $ e c c ~ o ~ a J I b ~ 0 9  I I O ~ O T O B K M ,  @opqpywqeE npoaec- 

c.noi-iarrb~b19 H H T e A e K T  y r l lb iOTOB,  n o ~ p e 6 y e T  6 o n b n w x  y c x n t r f i  P e H E D c ,  

a a M a L p I o m m  C n e r q i a n M c T o S ,  n c H x o n o r o B ,  W C T ~ ~ K T O F O B  'M n e A e r o r o B .  

Tame yC1WIkGi CTOMT n p e , Q n ~ ) ~ M ? l i l ~ b ,  M ~ O  B H e A p e H M e  CHCTeMEI ~ F O @ ~ C -  

C M O H U I ~ H O  3 IIO$,POTO BKM, 6a3~pp iqe f i c~  H a  KPMTepMIiX H a g E W O  CTM A e R -  

TeJIbHOCTM B C O s e T a H M M  C ~ ~ @ ~ C C M O E & T ~ E ~ - ~ C ~ N ( O J I O I ' ~ ~ C ~ M M  0 ~ 6 0 ~ ~  

~ ~ H T & ) M ~ ~ T O B  B Z ~ T H X ~  p e 6 ~ h I e  3 a B e A e H i i ,  n 0 3 B O n k i T  B 6 y g y q e ~  CXM- 

3 M T b  KOJIX-IeCTBO &BMU,MOF&.XX ~ ~ M C E ~ C T B M ~ ~  M klH4YTjeHTOB, f i p M C X O A R -  

qm B H a c T o F g e e  spe.m tia-aa o T p M q a T e n b E o r o  B J I ~ ~ K R  Y e n o B e r i e c x o r o  

@ . K T O ~ ~  H a  ~ ~ ~ o I I ~ c H o c T ~  EOJLeTOB, IlOVTM H a  30%. 





Tepeqemo M.M. 

CCCP R ara u@w cyaecTsemo B O ~ J Y ~ G T ~ T ,  S~cmrya~a-  

,&mme a3 cncTem ABR3.P 3a 1985-19% rr n o 3 s m ~  oxa- 

CyaTacTme no deaonacvoc~a narreroB (~aS;ca EC 5700 m a do- 

nee) . 



Circular/Circu%r~ire/4~p x y x ~ p  229-AN1137 A -203 
II P - 

~WBE~B C B l U e T B K b C T B ~ T  0 TOM, nT0 & a3 I26 ~ H a l E l O H -  

= n w ~ c m e c t ~ ~  npoasomrno no B ~ B  TeJoBeKa, a tra~dmee 
onacmm SBJIRDFCR aaxop Ha nocap- a n o c a m ,  - 36 as '74 

r n m o m ~ ~  ~ g o ~ c a e c ~ ~ M ;  C B R ~ ~ ~ X  c B H H O ~ ~  3mam. %a- 
- K ~ R  samEaoMeprrocrb a npmm~~ommr C ~ H T &  xamxrepaa $ 

~JLR rpamaacKo8 m a w  CCCP. 

1984 T985 19s I987 I988 rr 

5% 4.65 5% 50% 70% o r  ~ c a x  a s a m -  

OBBXZ ngoacmec~BItg, 

Karr ~ o ~ a m ~ a e ~  n p u r m  ~ W W C T B O  C O ~ H T & ,  D ~ O B C X O ~  

~a . I I O C ~ K B  ,mameTm ~ B ~ C T B I B M  omdow~x ma HecaoeBpesne- 

D ~ $ ~ C T B ~  s~anaxa nga W Q T H ~ O B ~ H ~  c a m e r a  aa KoaesrroaQ: ala- 

ne npexnocagomoro cmmm, B ngoqecce gacmegoBamm aaa- 

womoro npoacmecrsm R O M H C C ~  gacnanaraer pmemm a napa- 

MeTpHneCHEMZf JaaEmME, XOTOWe IIpWCTaBTLW)T C O ~ O ~  3aECOROMeB.I 

~ ~ C @ T ~ B W I O F ~ B C M B  O C ~ ~ H B O C T H  JleTHUPO T m a ,  a T- 

n p a c y r c r s ~ 8 e  moxecTm @ZKTO~OB CT~BRF negen ~oh~ccse f i  % 

rgprropasgewe ~ o n p o a  o crenem saaomocra moTa s my- 

~~~~meaacsr. B ~ a m x  a r p a ~ ~ l r  nacro yna3maerc~ segmraa~ npmr- 

¶ma HJUl CaeECTBHB R B P B O I I P W ,  JlPHBBnIIIBB ll B03UIEIOBEHHgE 

a ga3881~m mapa&aoB c a q m .  

3 ~ o  B O ~ Q B X ~ ~ S B ~ H O ~ ~  MEPB onpezweTm TBM, PTO ZO H ~ C T O -  

mero Bpartieaa rn aa mrwr leeogermecxas: g a 3 p a d o ~ o ~ ,  ongeae- 
XEXE!X 3ZTQftLa ~ ~ O B B ' f E ~ O B a g f ~  Y H ~ ~ R W D Q ~ ~ ~  PeRTBJLbBOCFB IUJIO- 

TOB. ~ D W ~ B C X P ~  80 BCBX KORCTmmOPCltB;g bpP0, D p O e R T B m  

cmmem, paagado~ita Pa3 aeae%m sa ocaom omTa m e $ ,  a a 

n e p p  o g e p e ~ s ,  aergoro comma,  PO B HeKoTophliZ IIPH- 

K n o ~ ~ o g s m  $1~9 3an0mmx omPnbox, ~e = m e -  Rase, 



Ham 6mee xapam epHaa cavama, Korna ~ebXa~0IIpJd mHoe 

coseTame oTFartzTemioro msma ~ ~ e m e g  cpem, e~pado~ag-  

Horo cTepeoTarra naaoraFosamR amnam n namMnecmx xam- 
~ 3 p ~ c ~ s l c  cmoaera n p m m T c a  npa nocamax c s e p ~ a ~ a n ~ o f i  

neperpy3xoQ npemmamefi ~ K C U ~ ~ ~ T ~ O H H C - A O ~ ~ C T B ~ ,  momnocb 

U!2HMeBTeJrbHO K CaMOAeTY w 5 4 ,  QEI STOM H ~ o ~ x O ~ M O  OTMe- 

T M T ~ ,  mo A~K:& cmoaeT ~ m e ~ m  c a i i ~  MaccoEbiM E ~~az.nzu_c- 

xo3 aEmama CCCP. 

~ ~ M M ~ ¶ ~ T ~ J ~ Z J M  JEJIBeTM TO,STO 38 IleFBOg I983 - I988 rr 
60% rpybm nocago~ coseFmeHa N ~ ~ O C T E D C  ME= oponor!aPecmx 

y~.'~omscr a 6% - ~m6ii. 

bicxom 8 3  cTaTacTu2~ ecmx ~ H W M ,  orrpenawxa c r  enem onac- 

Hocm rpycloii n o c a w  rmeaoro rpmcnopmoro cmoxer a, a qacT- 

HOCTE fVLFI q-156, 

&, = O,I2; 

~ . e .  uFaxTaPecm -R AecmaR: rgy6a~  IIOCWB 3 a ~ a m ~ a e ~ -  

cs aaaawoxmhz EcoacmecTEseM, a m 100 rpybm ~ O C ~ O K  me- 

WeT OXklAaTb: 

- 2 K ~ ~ T ~ c T D o W ;  

- 2 asanma; 

- 7 crrysaes no.repL aerm xapaetrepsmaK BC scrreamme 

Mexam4ecKoPo nospeme-ma weMe moa era ~oacrpymm . 
Ilo smmernm ~ o ~ a c c m f i ,  pacmenoaaamax ~ T B  C O ~ H T B B ,  OQW- 

nemwm @ ~ K T O ~ W  m m c z  Hapyema q a m n  s3aa~o@c~an% 

R a~mnaxe,mme K ~ K :  

- nosnaee BMernaTencTBo a ynpaaned~e BC ~ A O T O E - ~ H C T D K T O -  

p o ~  rrpm oarad~ax KoMampa BC m 2-ro maora; . 



&dxoftarm oTMeram,  TO peam30sa~me np@mamsqec~ae 

MeFonpmaR no aTrmhn m p w e m m  o a x a e m  PeyymTaToR 

Ee ma, H B TeqeHne 1988-1989 rr ~ e m s e c r ~ o  0 11ocrre~cr8a~ 

r g b a  ~ o c q o ~  onacno ~ o s p o m ,  

I8 xF?a_na 1988 roxa, It.asm, B 04 naca 20 m ~ .  MCX, B 

RcoCTHX h 1 e T e O y ~ O R M ~  npkl BHllOXdeHflH I l O C a E i l  B a3FOnOPv 

! m a  a~~mpem$rmdi EE ~ X L J ~ O C L .  B nonmseene R ~ ~ s . . : e a ~ s r a ~  

Ii2$me~Efii I: O T K I I O k ? e E ~ i  R ! @ D P I . ~ ~   TOEEX EX c ~ M o ~ E ~ ' - :  

n o a e m e ~  oEgezEnnrb odwp swoao~epsoera E ~J~BO: . I  na MOZ~ 

s a r m  , s z;r;z$ o~atraord cTepeoTnne yng2g,wrone2 P ~ . F T ~ ~ B O C T R  ~ J L T O T Z  ; R ~ R  p e a u w  Ha aomseneem o r r s ~ o ~ s ~ - e  OT ~eaoro-TO 

3 GSHHOTO nagam Tpa npem.3caaoqsoro c m ~ e m .  

Ha m s x z r e  Jf 2 ngermernam Q p a r ~ e s ~ ~  aanaca ~OPTPBKX 
celluronacaea z Y K L ~ ~ K H W I  c.mm. lia.~°re Ee n_oe~em-R HZ ~qmp 

r?rydm::3 a a m a a  p o c ~ a ~  w i o  onpeamemo njocMaTpmzmx CI'E - 
~ p 9 n e  mne 3a~ssots , sp~oc~n KaHsmoro a ~ m  npepnocaoq oro 

CHEEEHlff: 

- H& EHCOT0 HZPaTa ~ ~ 3 ~ 5 ' 1 b t 1 0 f i  0Qe.YKH (83. 20-30 M IT0 B E )  

CZXDXBT P!OIILi,?CX EEhTlire ~ C T E H O L ~ W H O B  F J U I C C a M  c B ? , ? J ~ B ~  ; 



UgH 3TOM H ~ O ~ X O G B L M O  OTMBTJITS, ¶TO I ~ H C T ~ ~ B B T . W H O ~ ~  Ell- 

@ o p w  ob penwemo2f s e p ~ m a n r a o P  cKopocra (no nofeaaa~e- 

EOCTH MOEIiO CyUIaTS BEIBOA 0 nQEOgHT~T80CTB XapENTep2 yIlpCU3- 

61 apecs m 3 m  qe~mii pat CZO~ZOCT~B. 

Dgodne~~a xope,?npozam ve.?oaeKa aam~aea  ~ 2 . 0 0  Memo 

D?E 2 2 3 p 2 d o ~ ~ e  p23.?ER:3IX CXCT e!L ECJLE IIOJZ~OB~T~CX TBP!.!E-- 

H O ~ T O T Z ~ ~  P ~ ~ P ~ ~ O T Q ! I E O B  CLICTeM, TO fUX@TQ 4Si?w.@TCR ¶aCTbal 

~ ~ B I K H ~ ~ ~ O P  Ce2BOCBCTebiK E er0  OTseTH Ha nOCTaFiytI0 BO3HBKZQ- 



csaero o r g m x e ~ ~ o - ~ ~ ~ z n ~ ; c I ~ m ~ o ~ o  xapwrepa OH He oreeqseT 

E9 PCCTEZTBHFPB BOQOCEI .  ' 

Fieo~orm a c ~ ~ w o s a a i  onpejxxanacs Ha ocgoBe ps6 OT 110 

na::e~epao2 n c ~ ~ a r r o r & ,  K ~ E  c o B e T c m  TaK a a a i r y d e m  

BOB, T2H;UI KaK J.~.?&KQB, LI.T.:ki:igLI~cd, E+Epemen', 

3 .Qe7i%re~dag~g, 

Em2 npr;rmra merryPmafx TOSKZ! 3peem: 

Y n p a a ~ m m  E ~ R T ~ ~ H O C T ~  L W O T ~  BOWT xaparep ~ F H O ~ O  

c=rexi;eam, T . e . qe-?oEex yTjiKaWeT Eg3y&nHO es cnp'mmaerdoe 

OTKnoEeEE8 JEH3@XDeTg1 pym Tart, ¶To K H O C ~ ~ ! U E L l a e 5 r Q T ~  BXOZ- 

HO:VT caremy no~dapae~cx c m ~ ~ e r c r  -nil, ~upmog asm2~ en- 

H& C P Z B ~ I ,  ~ J L ~ E & ~ C C I  O T E B T H O ~ ~  g e a m e ~ .  G T B ~ T H ~ K  p e m  

a onperraq eatrob1 spmemow mTepEme negaxoDaT B xapawep 

U T O T 5 J ) O H a B ~  K O ? O ~ H ~  G CTB Ha '9TO U O B  , H K  Jrnp~;lffonWI 

aBEfTeTLLROCTh D5JOTar 

: ;3-3-5ex;: e gachaiaraer~oB @ o p r 1 ~  no. npodrer.qe yngzeJU3- 

~ m e B  p e m  ansrocTa 3~311233 ;apseno ~c H ~ ~ T B W P ~ . ~ R U M  EHB- 

PaA* . 

P ~ c c v ~ T ~ E ~ B ~  Z a a Y l l ,  B 0 3 ~ C 3 1 W e  IlgE IIBXOTflJIQBWH 

csmnera o o ~ e ~ c ~ n f i  yse-mfl A + I ' . P ~ ~ K O B  B m o r n  c~me~nm 

OTfAeFaBT, ¶TO Il9.TEOTa C Z 8 3 8 ~ f l  no f f i L X O T f i ? Q E ~ ~ : ~  O T ? E ~ ~ ~  

Tuzmacb ~ O P W  FA O ~ F B  X ~ ~ X O & E C Z I M T  a r e n a ,  T, e . aoom 
c y b a e x ~ w a 3  Y ~ P E K T E ~ .  QH P O P B ~ W ~ O E ~ ; : ~  nporieccoB EK- 

pab0~S.Z CTep80TZEEiX Ji~lL?k& UTOTa OH, HCXOjInT E3 06- 

Il3Z5mEOB O~~T~FZU?. Zpo~ga?:3.+Zl IlOJL70TOafiB J e T H O l O  C O C T a a  

XOrT a GPY, ga3padona_-e aMepaymcsarna cneuazmimam, S- 



A-208 CircularlCirculairel~~p~y~~ffp 229-AN1137 

~ T C E  B a  ceroam e a z d o ~ e e  npolpeccasmm, ao n ozn ee ge- 

n~?JT n p o d ~ i e ~ , ~ ,  T.K. B O C $ O B ~  C3,IIeJJriT gEmOI'E¶HHe 3EgECTE- 

- BXODEOB carsan B BEJIB OTKJIOH~HHEI .eomumeTcs snepsae. 

3   TOM c ? a 8  B 06m:i~B c a T y a 4 . ~ ~  OTBeTHafI peaKrraR nmocmxl 

ongeaameTm o p r m w  VBCTB, a CTpyK'psypa pea- W e T c s  

IlOJLAOCTbP K O M ~ ~ ~ H C ~ T O ~ B O ~ ;  

- llE7IOT ~ p n o d p e ~ a e ~  C ~ O C O ~ H O C T ~  Ilpe,EBBneTb E@MeHeH!30 Xa- 

-mx~epa O T K J I O H ~ ~  ara KOJDOTK~Y Bpet/leHtlm mTepBadIax H ~ 0 3 8 a -  

xaeT caryams npecaepoEam; 

- n~e,IIEZJIeHHH0 OTEeTHM8 p8afaLaa nO.?LHOCTbXJ ~ ~ ~ ~ E ~ H I T C X ,  

X )  - 
JEpncTaxa -  TO OczoSamoe Ha O I I H T ~  npamzo, mn moe 



ce;m~?a y n p a m m  ~osaePc~~a i% E HaJrsesae noBeneH?edm xa- 

pamepacrrrR c w a e  Ta npa negexone c npeaen~o-ao~cr~ t" . io ro  

~ogma me- ~ g e d o ~ a ~ m :  

I. ~ ~ P A O X F I O C T S  ysera s artarraaa cTepeoaHoa mamiam ca- 

2, B ~ B O ~ O C T L  onpwexem O I I T H ~ ~ S I I O E  Tpaemogm nOneTa 

c muwr-mn-1 gacxopoM pynea JE o 6 m  aaegrosarpa~. co cropom 

molragymaero c EB,'I~';J c o q ~ a a a ~  n?axcmlanmoro ge a epsa zrmarm- 
seem xagasrepnrnm camxera a ~ 0 3 ~ 0 m o ~ ~ e i . i  a-v m gc- 

neworo  ylrorra aa nosrop& aaoa a w a e  soamxao~e~m ram3 

seobxopa~oc~n, 

E&~&-ib~Sla;; 3CToE;tF;iJn npepyW12T~aBaoc3 h F i X C X : ~ E O - J O r I y C -  

rnnioe (ga3perrrernosa ormaeruae c a m m a  OT aapw~roE sncorx 
E ~y LU a ~ p ~  C T O P O E ~  npn ngmere dmmmro pwsor:acEera 

(EEPiJ). Dpn wona srapameme semopa neperdeeseam Gempa TR- 

w cra c a m e  r a  npemoxarmocs MorosapaaRT-. 

Ko~es . s sm Y C T L O E ~ I E I  npegycnmDnszrrm Easoz cmme Ta Ha 

Togerr sa geKoxetr;nyer:oii mcore 0 c xmam7ecKBI:uLB xagaxlre- 

pnc Tmeaxn obemenneanma 6e3onac~p nocmw. 

rp.@nec.m n p m ~ a n  c x e m  naodpzireaa Ha Cac, I 
He w x e e  mrrepecaoii 6ma eegGdor~a pacxe~aoiS cxem  OF 

p m o r o  ynpazerm mTyp~ano!fi DV- enacusam B rmccmy ca~xe- 

HER 683 nepeperympoaam , aax eamc~semoG p o ~ ~ e ~ s o p m n e i i  

a~ogoiq ~ p e b o s a ~ m o  gzcss~aofi mew p e n e m  3wa~5. 

D p e ~ e a p ~ ~ m b m i l  aKcnepnMelear aMmm cxenpnne aaaoaorr?ep- 

HOCTH: 



- oTuoeeane  MoxeT dbi~b EcfipaETeHo OLIHOG yaqeG (op.mrVi 

z~mei rae r~)  ETypsara, HO npe  TOM ~ p e d y e ~ c ~  peyxozocTmaerm 

( G )  T O ~ H O C T L  xona mTypsana a noBarueunre BHEIvl2HBR Ha aacTpy- 

M ~ H T ~ ? ' & H &  K O H T P O J E  3aXO.Ila; 

I'pa$wecm npmmafi cxem nporpaEoro y n p a x e i m  iisodpa- 

. xeHa Ha pnc. 2 

)IOCT~ei~SH ~pebyehlo$i KOpPeRTHDCTE 3KCnepm~leHTa 6 ~ ~ 2  

onpey ezeaa : 



I500 sE!pBWTOE yIIpaB.XJllXWP JERTBJ?~HOCTB W O T a  no A C D P m e -  

m oT&?or;sam no B,tlcoTe npa npoJreTe Em,I npa pa%mEux nmo- - 
;KetLe)EF CaMmeTa B nmmm ero psmrrraa. 

B mme a a - e ~ m  haoarrro cxagas,  nTo HecmoTpa aa R M C ~ P  

~ g s l  Koppemixeew= 3 ~ c m p n ~ e ~ ' ~ a  aro p e 3 ~ ~ n r a ~ ~  3 a c T m  no 

nomw ocslnrwm g m  H LWCTO mwglm~~cs T B ~ B C K B X  C ~ B A C Z B  

s n p @ e c c ~ o ~ m ~ o i i  nsrrroTosrte nelraoro cocrasa, a r- no 

aa penw morngoBmm a nmon ntxsreTa ~ o s n a r a x ~ ~  m a ~ m a ,  
B ~ ~ C O J ~ T I X Q M  b w m a a c r ~ e  nchneroB aro cngasemsmo, EO slaectpe 

c r e M  mem mmo ma, Koma awn- B M ~ E E ~ T C S  a B H A ~  80- 

mncmeme orno2 a3 ohm ge~o~earramdi,  pearraaama ~olropofl nc 
cydse~rm~onqg me- paccJreposaT8Jrx, n o 3 s m a  dmr agenorspa- 

THTS B O ~ H ~ O B B B H ~  a~apHti~oB cavaqm. IW ngaana, a m m x  

c T- saKIIHmemeM HEI cornamaeTw. 

3~cnepmea~anao aoarBepmeso, slra XocraTowo aecnomo 

peUTS 3 a a q  DO OUeHKs JIOCTOBeQHOCTH H JOCTaTOWOCICB P8- 

~ o ~ e t ~ n a m d  PI3 aa mdou aTane noxera wmo ogmr MODB- 

napymero Etomeaca mt nega@p&mx ycrgoifcr~ noKaaaao Ha 

pm* 9 .  

B Q C E I D B ~  npoemapo~atlm y n p m e i l  peRTaJrnHocTa aKma-ga 













Pa cne r ~ a f i  cxava nporpauvaoro ynpa saeam 



O ~ A ~ C T ~  JlOIIJ%TMMnuc 3~8¶8iiLIfi 4 110 M V &  O ~ N ~ C T ~  I ( O O Y 6 T M M U  3masa~aff v;b 
(O T C A O X ~ B ~ H H O  MPKH npuueJIHBaHmR J ( o w n e x a ~ a ~ u e  ~ e n a m a o r o  yrnonoro paeoo~naco- 

Psc. 3 Pae. 4 



c KoarponaM no npabopaw nonoaema 
-.- Bnucmame B rnmccaffg c Koarponev no npmbopan 

nonoxeam (no crpenxe IMII MnH maaKcy IIKII), 
--.- snncmame B F ~ C C B J J  c nepeperyxnposameM 

( B H ~ O ~ K ~  Baons rpaemoptia naneea ) 



. . r . . .  . .o - -+ . - - - -  .+ e-, . . . . - 0  . . C o r  . . . -  . .  0 . . . .  . . . . 

Hauanaae ~ C B O B H R :  
~.H,,=fOrn; 59443O; V&--4.8 M/c 

3 a a s e ~ n n  napau erpon riozera B xapaxrepaboc ceqeaum: 
H , = 2 0 ~ :  

M vw= -96 /e; 11~46: uz4?O9;; n y * ~ ~ ~ ; d ~ r p ; q 9 ~ ;  ff,, 2 ~ 7 ~  



He qa n a ~ e  y cnon an : 
-42M ; &a-OIdJ*i Vwa -4*8 */s 

Pnc. 8 



n o r a ~ a n u  l n u h o r n -  
W H O  - balrinuuonnoi - 

h3u 60 DO 8 

taparvepucrnuw 



cum yOLuU. 





3-0 XOmmO C O F J r a C m c R  C CTaTHC.rraKnr H R03BOXR- 

BT @apqm$BaTb we- o & e m m x ~ ~ ~  sa:oxraMepmcTa: 
N e 3 a m ~  0'6 ppomm ~ ~ E ~ O H ~ C I I O C T X  IIOJIBTOB, AOCTXQEJTDTO 

B mgwmna crpaaax E s m e  s ~ a o ~ ,  n w m e e  d w m m c ~ ~ o  
a ~ ~ m o m a  qmncmec~mrll c m a m  c aeaoc~armm B nemeXhBocm 
imnaxa B O ~ ~ O ~ O  cwa, 

Cgrqec~sosmite  ail a a , ~ o ~ o ~ p o c r ~  MWO o m c m s  reM, Yaa 
a m a x  s o a ~ o r o  cma = ~ T M  XOH~WHM ~ B ~ I I O M  B gem @KTOPOB, 

onpe~wmwrx c w d y  -ore ~omcpemoro nmeTal 
C E C T ~ M ~  odecne~emw d%30 IIa~lTocTnt IIWIeTC?B B a&lNJlX CTPQETC8 

T- 0dp230b3, W O ~ H  E C m s  A&CT=~ @~KTQFQB,  EoTOpUe MW1fl 

dm5 WJBECTBBI-EIOB B H ~ ~ I O C ~ J ~ C T B B E H O ~ ~  T-O# aBHWlTQHEm0 Q O E C -  

EIeCTBER. K TaRaM @ K T o ~ ~ M  (HX MU'KHO B#BaT5 ~C~TBCTP@Z~CKRME) 

~lrornrao oTaecTE, Ranpmep, 9flgoa1)e~emdI O T X ~  Bcex m n a ~ m e 9 ,  
rrmd, OTW M C T ~ M I I  ynp8BtZem pa3pgmeme ~ptura cunmeTa, 
n& o*rxa@ cscrem YBE m pmocmaa, ~ e p -  nopm nerpa, 
st la om^@ c a ~ m e ~  H a  cmnmame, aamym n o r e p  padorocnocodxocr~ 
awIIaata H T.II. 

Y c T ~ ~  HOP JI~THOB T O ~ O C T ' B  CaMmeTa, BBW cepr@- 
~ a ~ e m o r o  odopy~os$mi~, npoaom o~dop ,  odgseme H g o m p ~ b  

rrapcwma, MH c r p e m c a  csecm s e p m ~ ~ o c ~ n  q o m n e m  IiaTacTpW- 
seCRwc @ K ~ o ~ o B  H WXD, 3TW IQeHnmaeTCR, g T O  BOBEDtUOBf3- 

HHe B IIOJi8T8 JJPvaX @lC!T.OPB, mWGUYlWX ~ ~ ~ Q ~ C B O C T B  EMeTB, HO 

~e HO- m ~ a c T p @ m e c ~ ~ o r ~  xa-mepa, ~ ~ o r r y c m o ,  ~w xax wco- 
KO--- H FOTORKB R H ~ ~ ~ ~ R H U M  y a m e m  3max 
miser  d n a r o r a w o  3a~epims noJaeT H B ~ T H X  ~ W O B E ~ R X .  CTexoBa,Twn- 

HO, ~ B H W E O E M O ~  rrpoacmeclrxe m c e T  meTn ~ e c ~ o  T-KO rp cw+ 
a m  n p a m e m  ~ a m n  @WTO~OB EI 0m6m a m a m .  I I o c x m y  3m- 
nax co rnoa r  K ~ K  a3 HecItcmECaX C I I B ~ ~ C T O B ,  CPBP~BTCR, 

TFO B ~ P O R T H O C ' P ~  EX orno~pe~emo9 omdm Mana, a RO~TOM$ EBWP 

HOCTb 8BEIF3DJfOHXHOTO WORC[UBCTBU B P83YJIbTaTB C O q B T m  HeKaTaCT-- 

po@mec#ax @ m o p o ~  a: omdm a m a m  cbmxa K HYJLID. 

Bce WTO~H, Xo'fopHe M o r p  PpOlRaTb de30LIaCHOCTE BMeTOB, 

M-o pa3aemm5 Ha YeTape ~e~aaticmme ~ p g n n ~ :  C~MRRBT, 3mm, 

HmeMlWe G p d H  H ~ T M o c @ P H H ~  YCIIOBEH. B B ~ F I T H O C T ~  a B H d g H O M I O T O  

I I p O H C U B C T m  MOXHO IQ0ACTalXTL B m a  W I f 3 ~ &  $OWJEI: 



~aemnan # r y x d ~ ,  a r ~ o @ e p m  YCXOEHRE~E[ 

a axanmelur; 

p: py p: p3- B,gO,OCT5 OJtEOI'O H3 B e R a T B C T p  

@mecmcc-ifia~~opo~, B~QIZRWX B AWB rpyrrmr; 

Q:., ., 9; - YCZOBFLHB BBpOJXTBOCTE OmdKa 3 R H n W  

WRBJI~HHH omoro mm coqeTaFf41H H B C K ~ K B X  

~e~aracTpo@mecmm WTO~OB. 
&TWO meTS, BTO O ~ I I H ~ K ~  3KEE2Xa EiK m o p ,  g ~ p 0 X m  

~ ~ ~ o I I ~ c E o c T X  IIOXeTa, P C V C l r w W  B B O C W  E23 O m W a T b  WEROB 

gamoro $P;~BHBHHR. 3 rneamotd LqTae, Icoraa ~ c e  we= - e m  
0-OBH HO  amm me, B ~ ~ ~ H O C T ~  ~BH~WCOHEOTO npoacmecTm, 
FBBalEI2tR C ~ [ I I L I ~ K C ~  3mWp -COCT-W 73 $ OT I I M H O ~  BBUMTHOC- 

TH, B pemaoB ~ e i S c m w ~ o c r ~  mew - e m  x o ~ x  E ~e oms- 
Eoarr, 30 mem W 3 1 d  nopaox  =-. I I O ~ T O M ~  w@pa, xapTep- 
aywala P ~ J I ~  3mnam B MI, cymscmemo ~e oTmaeTm OT ~ m e m o i i  
B I49eaJCbHOM w a g .  3T0 C w B A J I B a O  Re38BPIClDIIO OT BWlXWHibE Urn- 

aoa sepomao c m  npo~cnre C T ~ ,  xapa~~epmymeit yposeHb 6e30 nac~oc- 
TH DOJTBTOB, 

DaBHeHIXK IIOXa3blBBeT, ¶TO CmeCTBeHEIOB CHKW3Ji0 P W  
B - -0- ' l ' r p O K C E ! e C T m  BOBMOXHO, eClIEl AOBeCTH BWE- 

PHHH WIeHOB m e K E R t  B KoTOpHX ~ C ~ C T ~ 0 T  BepQKTHOCT5 ~IllIiibKH 

a m ,  ~ O E ~ E ~ P  q m e p B o  B I0 pa3 memero, TeM gposeu ~ m -  
tMIf, 883WCflWX OT a=-. aTOM WeJQWT m T H B a T L t  a 0  Ha- 
AemOCTb ¶WBeICa, EOHEIMaTb ee Kaff ~ ~ ~ o ~ I ~ o ¶ H o c T ~ T ~  WO J ~ B C T -  
mB, HQ  me^ Urn5 me= BHCOKO~. Ha p ~ c . 2  nowma ~ ' p ~ a a ~ ,  

xapax~ept3gpmak nopmox sepomoc& onactroB omdw a m -  ~ 0 3 -  

-pro cyma s BBBEIC~OCTEI OT H ~ ~ ~ - B E I C ~ E  OT m a  
He(%KmOIQEREIbnc @NTO~OB, EcoTOpEX OCJTIeCTBlReTCR era padolra. 
K p m m  nocTpoeRa Ha d a e  m w a a  CTamcTKKa =&OHUHX ~ Q E I C I U ~ C T -  

BI@ H m e B T O B ,  HOCBT O E ~ H O Y H ~  XaP8XTBP H m a e T C R  B 

I3KE. HO OHa WMNCTPHpyBT OTBA&tI@HHMB O & ~ B K T Z I B H ~ ~ ~  ~~KoHOMB?HOCTB p 

B T~CTHOCTII TO, YTO B B ~ O ~ I I O C T S  omdm pemo ~ o a p a c ~ a e ~  p 

; q e B c ~ m  XOTE ~ E I  omor0 y r > m a e F o  de30Kr2c~oc~a srmeea @ & Y T O ~ .  

llpx ~ e i l c ~ ~ m  ommpeMemo epex yelrqex ~ e & m r o ~ a =  @ax- 
Toys onac~arr omdxa a m a m  rmaxrwecxrr aeaadeama. G~cwa c~epg- 
e r  mxw3 EGBOLI o TOM, STO O C H Q B E ~ O ~  Hmpmerne aememmcax 
no c-em p a  " @ a ~ o p a  a m = "  s rrpuwax ~EZIWCJ- q m c -  
E~CT- - C-eFEf0 3ePOFiTBOCTB BOBEED33OBBEIW B llOJIeTB He 3-M- 

W X  DT 3KHSIEXa I P ~ ~ ~ I S T O ~ ) H R T H ~ ~ X  @ ~ O F O B .  



- -7@3ER CXCTeMaMnr H o d o m o m m e ~ ,  ' 

- C ~ H  c 3emeB E z-pyrmm canarIeTam, 
- mamoaeffc~m M- arresam a m - .  
3xanax mxer m m a m  a cedR W n o e  mmo cnemzmcToa: 

oworo am ~ O T O B ,  mypdma, dopnmeHepa, d ~ p r p m ~ ~ a .  
B 3 a B H C a O C T H  OT 3TOF0 3a X a m  C D e ~ ~ C T O M  MOHeT 3dKpeEJLTT6CR 

TOT L T ~  BEZg J IBT I~O~ AeRTRrlbEIOCTE, m60 O m  WISH 3K;ma;ira MO- 

XeT COBaaelqaTb HeCKOJ3KO m O B  A e E T m H O C T H .  350M TeM 6 m m e  
B 3 ~ ~ e  m e t i ,  qeM u m e e  cTaaoBaTca o p a ~ a 3 a g ~  a3amogeZcr- 
Em f Y 7 q  Enm. 

XOTE ace BEEX A e m a m o c m  B UWI~TB Tecno nepemeTamcE, 
K- ~3 rn meeT CBOH cnem@mecme OCO~~IMOCTH (cTteqn~ecme 
Urn, 3WE¶H, CIIOC06B O C ~ ~ C T B I I ~ H H R )  H EpBmMeT 0 ~ 0 6 ~ 9  T p e  
6 0 ~ 2 9 ~ ~ 9  K ~ o ~ ~ c n o ~ a 3 2 b ~ 0 - n c I l C c o ~ o r m e c ~  K ~ P ~ C T W I  tLlemB 3ma- 
xa. 

ClradE? 3 TOM IUEl EXOM Bqqe fleRTWlbEfOCT1I M O F P  6MTb dmee 
M.XK wxee OaacHtSMH. Cm trpomnm~m c b~srneB ~yrm ~ e ~ m e B  sepaq- 
H O C T ~  B ~ ~ B H C ~ O C T X  OT Tma B O X J ~ H O ~ O  cma, H ~ ~ H ~ H ~ I ~ B R  DoJIeTa, 

aTaTxa noneTa H T.II. DoaTow rrpaLtcTameT maapac warns ~amm no 
~~o~ FncrnecTmm H m e ~ ~ a ~ ,  1103~cmmGl B - T ~  

Q W ~ K ~ I ,  ~aado~xee  XapaKTepme m z r l ~ T ~ O ~ ,  E m - ,  3KC- 

L T J ~ ~  CHCTeM II ;aPpKX m O B  JI@THOR HeTeJIbHOCTA. 



- PIOXX% KETesrYeKT- 

UEEaaR H IICZXOMOTOPH&I HeRTWBHOCTB, rIO BFXD¶eI-EEtl, MOHTparIBa 

M e T p B ,  IIepeWTB)¶eHED ~ ~ X K M O B  H T.D. , T p e d y m a a  BHCOKOrO p a 3 E E T m  

HaIMCOB @ p M E p 0 ~  o d p a  P ~ ~ O T H  CHCTeh/lbI H a  OCXOEEKKE KOtMH96eX- 

C a  OTHWILKbM ee I I O K ~ ~ ~ T ~ J I & .  

B ~ E W ~ O A ~ ~ C T ? ~ ~  WIeHOB 3KEnaB.a - AefiTWIbHOCTh, ImaeD4aR QeJ'IBl 

IIOBHCETL HEiAeZrMOCTb KCJUeKTEBHOI'O c y & b e K ~ a  YII?WeHEII ,  ~ ~ ) e d y D Q a ( i ~  

OT -Or0 U e H a  3lEUIaZEi gMeHELR OJSI'EiHH30BbIBaTb CBOE J ~ ~ C T E I U ~  B 

COOTBeTCTEEE C , Q ~ ~ ~ C T B H F ~ M H  eI'0 KCJUeI'. 

P ~ ~ ~ J E ~ T ~ T H  a H m 3 a  CTaTHCTEliUl I I P e A C T W e H H  H a  pIfc .3,4,5. 
ma no3~onwrr c z e m T L  p a  samm BHBOAOB, a memo: 

I. Omdm B IIHJLOTEPOEWGI X W L ~ C R  OrqezeJLFIiLlw @XTOPOM 

B W W O H H H X  II~HCIIIeCTBPIRX C B O 3 p H M E  CyAaMH BCeX TKIIOB, OCC- 

~ ~ H H O  C BepTOJIeTaMH, a T-9 C CaMOJIeTaMH BCeX THIIOB 3aXO,IJ€l 

H a  noc- H D o c m e .  

2. H ~ A O C T ~ T K H :  H ~ E W ? ~ O K K O ~  AeRlleJraHOCTE K p O m T C l l .  IQM 

T p a H c n o p T m x  n a r r e T a x  aw n o a e T a x  Apyroro H a m a n e m ,  ca;13mm 
C IIepeMeQeHEeM CaJdOJIeTOB H a  AOCTaTO¶HO dOJILJIlM0 p a C C T O m .  npE 
T ~ ~ . H C I I O ~ H H X  IIoJIeTax n - p a m e c m  w o e  a m ~ o m o e  r r p o H c m e c T m e ,  

memee M e m o  H a  a T a n a x  ~ a 6 0 p a  BHCOTH, n a r r e T a  H a  3me~10~e H cm- 
XeHJM, EWLqeTCa pe3yJIhTaTOM H ~ B E I ? ~ ~ ~ O H H &  0IEIdKE 3KEIIIajiEa. 

3. (hE6KE B 3 K C q a T a J J I l E  CHCTeM H O ~ O ~ O B ~ S B R  CXyXaT OCHOB- 

H O ~  I IPIFIEHo~ IIPHMePHO 50 $ aBEla4KOHHHX I I P o H c I J I ~ c T ~  Ka B3JIQT8 

B T ~ ~ H C I I O ~ T H K X  D o n e T a x  H AO 20 % An H a  ~pyrzx  w a x  H wanax 
I I m e T a .  

4. H ~ A o C T ~ T ~  BeAeHwr paJJFIOCBR3H E B ~ ~ o A ~ ~ ~ c T ~  WEHOB 

a m a x a  3a p e m  H c m s e m e M  ae ~ J L ~ T C R  ~ ~ ~ R M H M E  rrpmilm An, 
O m a O  K a R  CAOCO~CTE~'EII# @ ~ K T O ~  OTMe¶EiETM B ~OJEIUEHCTB~ m a -  
e B ,  C E R ~ ~ H H H X  c O I I I H ~ K ~ M E  B IIBTLOTKPOE~EIHH, H ~ E H T ~ ~ E  H a K c m y a T a -  

IJKif CHCTeM. 

,I(~T&JIL& aHEiAE3 IIOp[TBe_D;gqaeT cAWIaEIHH0 BHBOm. 

C TO¶GX 3peaaR IIlLIOTEPOBi?KHEI ~ a l i 6 0 J I e e  C.??OXHUME 3TaIIiWE 

n m e T a  IIBILWITCR: saxoz H a  Doc- H n o c m a ,  H a  K G T O ~ H X  B n m d  
hlege  OT_~~EWTCR ~ e d m e o q m r m e  o c o d e ~ o c m  E o E e z e m q  H yqr~nse- 
MOCTH cmanwa, a T- saemme Q a ~ o p i :  arpamxema ~ O C T L ,  

BeTe_D, A W L ,  CHW Jd 

Haabmee ¶aCTSd pe3yJIhTaTOM COseTaHlW 3TZX Q a x ~ o p o ~  C 0lIIE6- 

K ~ M E  B DEJIOTHPO- m m i e T c s  rpy6oe irp~d3ememe, IIOC- 20 Ha- 

¶=a B ~ J I ~ T H O - 1 1 o c a q 0 ~ 0 2  IIOJIOCB m m m . T m m e  C a M w e T a  3a ee 
npezem. 

Taxoro pza  rqomxuecmm C O C T ~ ~ T  ~moamy OT odrsero w m  . 
A i i ,  c~x3uram c ornmdmvz a m a x e 3  i:a cmmemx c ~ 3 n e ~ a o 3  ~accoi! 
donee 5,5 T B I988 sow, 

TX- IQ0-C.R B 3TEX WQFI2KK -TOP - B ~ C I ~ O C O ~ R O C T ~  

amaza c d 2 a n m c m a a ~ ; ;  cmonerlP no ~ J I O B O M J T  nmaxemm, C X O ~ O C T B  
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a ~epT.lZ-Ca~lb~0B CKOPQCTH CH3fXeXZM X MQMem BH3yaJlI2TOI'O KOHTmTa 

c 3emmn opeHrHpaAla, n ~ o  r o s o p ~ ~  o crra6oB npo@eccno~anaoff 
IIO~OTOBKe DHJIoToB,- EQGV pOK6 mwT Zf EWOCTaTm m, 83-+ 
ple~c~mm sneaos a m m a ,  HecBoeapemmoe wm Henpammaoe mop 
MvrPOBWe, O T C n C T E H e  BBmOXOHTPOJIR H B 3 2 B d O I I O M O ~ .  

- D x e ~  - Meme C,TO.ZH&I c TO- S ~ H H R  ~ O T E P O B ~  n+ 
nera, Amamom8 TTpOEcmecTm na  TOM aTme KaK r p B U o  fWlRDT- 

cs peayn.raroM pe3~ora ycxortcaem A ~ T H &  g e ~ ; r w n ~ o c m  ~3-sa 
OTKa3a Tern omadox B 3 x c ~ a ~ a m m  cacrera a: a b o p y ~ o m ,  
ZongrqemrbTx n p  noLp'mogRa camera  R ~ W I B V ,  IMH B npazecce 
B3JIeTa. 

Hmpsmep, B 1988' ram ace rrpoacmecTm xa s3JreTe c cwarrer* 
W C C D ~ ~  dm00 5,s T 6- W 3 m  3- 3-ZS CBMP. 

xera AH-24 B~IW- 'B3JleT . C  H e c m m  3 a r q m a m  ~~~oa Boa- 

AyrmrOI'O A m @ H W I ,  CaMOdeT 1-410 BHlIOJIIWI p a 3 d ~  - YCTaOMeK- 

HOM B ' X O X ~ B H B B  8a ybop3tg rr;apewma*Ewze m e m a  macca , IGLEOT 

~ p y r o r o  cwanera X-410 rrpmsBpehremo ydpm mcca If - A o W c m  
n o r e p  BHCOTH c p y  nome olrpnrsa, aa ca~ifo~~slre ELK-40 a m m c  no 
aemaacmm rrpmm g ~ l e ~ m ~ ~   my mmwieti ~enocpegc~se~ao '  ' 

nocm oTpma camnelra H T.II, T a  xe  ax rrpoacmsclraKAx IW 
3aXOA8 Ha I T O C W ,  BO BCeX BTXX V a R X  I ; I P O m C L  88XOCTaTm 

s3amm~~&crm~ m e ~ o a  a=&. 
Handanea Tsrrtlwe nocneAcTmu HMem npoEcmecTam, c m w e  

c omad~am s aa~max5nro~zrofi $emarIbEacrmr ammeit, P O C X ~ ~ ~  B 

nw-w 6 o m m ~ c r ~ e  aao - cTamoseHnre c BQ3Bsmr0ELHOCTsrs6a r r p  , 

JIMeTa B IPOPHQ~~ MBCTHOCTB. B 1988 T m e  QOECDleCTBWX C O W  

T- 22 OT Q ~ @ O  TEcJra C CaMOJxeTW C ma, B XOTOpHx 

~ ~ R B P U D L I C ~  ~ 8 ~ 0 m a m a  p a b m ~  3mna35a. Wcrr ~ a ~ a r a & ~ ~ o m o &  omdm 
aammPaeTw B TOM, TO ~KBZIZB[ TeWeT rpexcrameme o xeorMwec- 
ROM IIMOE0&HB C884MBTa;  TO I Q O H C X O m  BCIIG&CTBB[B W M d d  W T H -  

qecxoa nomo~oma WOTOB -N m y p a a o ~  x nme~anr E r o p o B  ~ e c ~ ~ o c -  
TH, H ~ A O C T ~ T O ~ O ~  OCHWeKHOCTH r O m  TpaCC H ba$O,QOMOB w* 
r e m e c m m  cpwc~sam HegHoueTBopaTeJXbmm HX coae_-eM, 
EeCOBe~eECTBOM S ~ X C T ' ~ ~  IS0 QO13BOJJCTBg IIWIBTOB H CXBM 3aXQaa 
H a  r r o c w .  C a  no cede Baaareomme omdm arramaxa He smm- 
a EcaracTPWecKaMa, OJWitIEO COBIJWeEl3B TaKBX OmExdOK C H ~ O C T ~ T -  

KaMll B AemeJCbHOCTH -6s QBBOJ&LT3! H0 WDCTO R IIOTQ9 H m -  
raq~omog m@ophfwm, EO IC @-o- y 3mmaza J Z W ~ O  qezc-  
rmemq o TOM, rae H ~ X O ~ C R  cmarre~, mo H mm K ma-- 
amoarrg ~aacaec~mm. 3 r o ~ g  cnocobcraym Twxe omdm B Bexemn 
~~~~~a: seom o 3 ~ a m a  T eprmmom, HePeTrare @p~ympoam 
coo6lrremdt. 

J r e m  CWoJIeTOB &-2 BepCQWTQB, XDTOpB8 3XCIDryaTW- 
mcsr no ~pmmahrl mayarrbma n o x e ~ o ~ ,  xapa~.rep~oib rrpmail  ~~iiramx 

rrpoucmec~W m e ~ c x  Herrpemepermoe nowarme a ymom arm- 



a n w e ~ ~ o 8  EGWXMOCTE ( T ~ M E U ~ ,  H O m b ,  CHW) . a 1988 X'OU T m @  EpO- 

n c m e c T m  c o c ~ ~  zo 25 % oa mas rpo~cmec~& wa 3 ~ a  ~ o 3 q - 1 ~ -  
EIbab C m a X ,  CBR3aHFLKX C He~OCTaTKaME J ~ @ T H O ~  ,Qe6sr€ZWOCTEe Odmee 
AJlE BCeX TaKHX 3aiUEO¶aeTCR B TOM, ¶TO KiIJIOTki, P61bIBt9 A O C T ~ T O ~ &  

3mac s p e M e m ,  s ~ o d ~  I I e p e h ~ E  H a  rrpzbop~~& rlrmeT,  H e  ~ c r n m s y m ~  
~ a n t 0 f l  B03MOaMOCTE H C T a p W C f f  mdm rryTeM gCT%OBEITb m3gaJE~d 
R O H T ~ X T  c 3meB.  Ilpn BTOM Bc.ne,rtcTme H ~ C O ~ X ~ C O ~ K X  A ~ P C T B M ~  
U e H O B  3KEIIEXa. K- E3 KOTOpbDC " E Q ~ T  3eWID8', H OTCYTCTBHSI Ep&= 

d o p o r o  KOHTPOJlFI IIOJIBTa, PaCTO I I p O E C X O m  I IOTeW II'pegCTaBJIBHHFI 

H e  TOBKO 0 L ? ~ o I ' ~ @ T ¶ ~ c K o M ,  HO H 0 TOCTPaEICTBeHHOM IImQ;gem. 

Xapax~epwa RBRR~TCR H ~arsofi  ncmmwmecd @ e ~ o ~ e ~ ,   ax o ~ p a a -  
KKB CaMOI'O IIpOCTOI'O PellIeHHR 0 BO3BpaLQ@HlIR H a 3 a  B 3 0 H g  X O P O I I I ~ ~ ~  

BHDTMOCTE. I I O K ~ ~ I B ~ ~ T ,  ¶TO B OCHOBB IIOAO~HHX OII IH~OK WO- 

TOB SIeSgBP c ~ a d a ~  ~ @ ~ C C H O E I W X ~ H E ~ X  E I IcHxoJIormecKar r  I I O ~ O T O B K a  K 

n a j r e T m  no n p ~ d o p a ~ ,  H e a m r a c m o  OT oduero aemoro onma. 

rJBBH= O C O ~ ~ H H O C T ~  EiBEE4EOHHC+wMHseCm p a d 0 T  3aK-i?ppaeTcR 

B TOM, ¶TO II01T8TH ZSII0,XXEBTCR Ha &12rItIX SIiCOT2X. 3TGM 3 S C O W e  

T P ~ ~ O B -  lIpeffsKWE3lTCfl K Ka¶eCTBy BE3Y2rIbHOI'O ~ O T ~ O B ~  H 

rrpoc~paac~~emoii  o p n e a T H p o m .  IIapqosasnne OTW OB W a T m  H a  

M ~ H X  BrrcoTax r r p e g c T a m s e r  ~ p y ~ p ~ y g )  3aa9y. I I O ~ T O M ~  omdm B mo- 
TQOBaHEE H 3 K C q a T a I J E E  CFICTeM COCTaPJLEET rJBEHH0 IQEQTHH m, 
a HeAOCTaTXE BO B~WO&&CTBHH U e H O B  31~~11aef i  Y c J T ~ ~ J M D T  IIOC- 

XeaCTBHSI o E ~ ~ o R .  

H a k l d m e e  TfiXeJIHe a E E w O H 1 P r e  IIp0HCEieCTEGi.S npH B H ~ ~ e ~  

~ ~ e C ~  pad0~  CBR3aKtI CO CTCUKHOBeHEI@M BOB- C D O B  

c a n e x ~ p w e c ~ ~ ~ ~  rrpo~onam. B I988 rom ~ a m x  rrpo~cmec~mil we 6 ~ -  
JIO, a a ~ o  .B I987 rom d u o  oTMeseHo Gmee m a m i  c v a e .  

Emee neM B 50 $ a3 m C T o m o B e m e  I I ~ O H ~ O I I E ~ I O  BO B p e m  

p d o s e r  o r o H a  ( T O - e c ~ ~  n o n e T a  H e r r o c p s z c T s e n m o  ~ a , q  o d p a 6 a ~ m a e ~  - 

~'T~cTxoM),  Zi60 npH BxOAe H BUOAB t13 H e r o .  ~~a.iTE3 IIOKa3NBaeT, 

YTO ~ J I ~ B H o ~ ~  ~ ~ ~ E ¶ E H o G  CTOJIKEI[OBeEXB C QOBO,QZW KEJlReTCX H e ~ O C T a T 0 ~ -  

HaR I Q e A Q U e T H a R  IIOAI'OTOBICa EEJIOTOB. ~@.JIo B TOM, ¶TO T O B O A 8  XO- 



O m m 6 ~ ~  B 3KCMyaTayHH CXCTeM E Q~o~~HoEUEW CJQXaT Q-O~ 

a~aaromtrx r r p o m c m e c ~ ~  a H a s a r a m o  m e ,  neM ombm B ~ O ' P B P Q -  

B m .  x a ~ e ~ f ~ a ~  0fllRbEL3 &lM 3ma;irefi TPNCIlOpTHilX CaMM6TOB 

c raorypbmmm m a T -  - HemaBaxsffaR y c ~ m o a ~ a  dapo~erpn- 
qecxoro a m e m  ria mcorohaepax, ~ ~ ~ H B O A R ~ M  K o m d m  B weme 
'BHCOTSI nmeTa ~a gpameM a3poApoMa. lIpmcmec~= no m o t  m e  
mem M ~ C T O  n p c m e c m  rox. 

lIpn rxoJxeTax Ha arermc cwoxe~ax =I: sepmeTax xapamepwm 
mwwrcn omxdo~~hl~:  ~ E I T ~ T ~ J I Q ~  H OTC~TCTBH~ KOHTPOJ~FX 

KOAPleCTBa TOIUUBa, ¶TO T-e IQFlBOlQIT K m P B A a 8 3  m a ~ ~ e f i .  

Qprryrepoaa lemag~lommm f l ~ o ~ q e r n m z ,  B KDTO~OM H a m .  c B* 
JOCTET= B 3KCqaT- CPICTeM O C O ~ ~ E B O  WKO WEBWElCb HeAOC- 

 arm B ~ ~ ~ O A ~ P C T B H R ,  ~0;gm -6 c a m e r a  AH-2, c~rg- 
m C E  a -10.88 EHW, s X O p m  MeTewCXOBLWXm 3-a He W W  

T m  3qmm rrepw BaeToM H 3wem  TO T ~ X O  B npoqecce pm6g. 
ra no ~ e p m m o  mow T e m y  pocTa c~opocm. Ogemm cmxrgm,  
*OM- B ~ ~ ~ Q T O  cgP;Ba pemx rrpoama4pb msw, omaxo a MOM~BT 

oTytlsa cmarielra a~opoB m o ~ ,  p e m ,  nro mnelraTb onac~o, MW 
aepesm m a T m  Ha pe.m ~maro ra3a, C a o ~ x e r  q s e m c a ,  
X o ~ w m - p ,  ~IOIO~SBC'PBOB~B ~ T Q ,  nepeaeR m m a ~ e n  rra smemd p m m ,  
H e  rnmpmpyn ~ r o p o r o  m o T a  o CBOHX A~Bc-. Caaao~rer mop=- 
CR we pas OT nosepmocm narroca. Torrra B T O ~ O B  WOT C H O ~  nOcTa- 

= m a ~ w  H a  p a w  wmro ra3a H B-W em won-~paaow, 
 came^ npmewmcx B K O ~ B  XO~IOCH H B ~ T ~ R C B  38 ee qenarrtr, 
rr(3rm ammTemme E o B p w e m .  

blri paccMoTpmi madmee Ba;imtI.e r p p m  aesaoxaxx uponcrnecp 
~ d ,  B KOTOPU K ~ K  rnamae h o p a t  r r p o m m ~ c s r  ReAocaaTm B ac- 
EoH2iX BUWX A ~ T R O ~ ~  JlMTeJIbHOCTE: FdJIOTqOB-, HaBHT-, 3KC- 

warn CBCT0M B C ~ O P ~ O B ~ E ~ %  ~ W ~ ~ C T B B  CVaeB O m  gv- 
~ydrrwrP~fi H840CTaTXZMH BO B ~ ~ o A & c T B R H  Ilb- ErteHaPlIB BmWQ, 

~ e & l a r o r r p m ~ e  ~ T M o C @ ~ B  YC310BIUII OTXa3H T Q m ,  HBAOCTaTE6liI 

B P ~ O T B  w d a  a - YCJI-T A~E!EKbHOCT% 9jLeHOB am- Xt CY- 

UeCTBeHffO UOBbIPfaBDT BBPRTHOCTS HX O ~ ~ O K ~  

a?Ff WCclreaOaaaaxl O~CTORTWBCTB B a B r n a q x o m  WOEC- 
m e c r m  0m6m ~ m a a r e t  o w i s  ¶acm O & S C ~ T C R  Heme- 
samocrsro, xeTcpaR aqmmercE B Happiem ~ p e b o m  p m  
m c s m ,  permemipymm a e ~ w  AemeJlbaoc'JI5. Haaa rrpwcram- 
eTM, ¶TO TaEEOe o&.bac~eXTe He OTRptIsaBT KOHCTPJXTHEMW w e f i  
A O T B p E 4 e m  O I I I E ~ ~ O R ,  I I O C - ~  OpemrnpyeT Ha rrpmmia m c r p a -  
flGWx M9p I(. H a p - .  

P e w =  m 3 ~  ~e M Q X ~ T  megem B pmz HKCT-, 
K ~ K  da x o p m  ma d m  n o w e m .  C xpgrofl c~opam,  aa p e m  
acumemtw, wpymemm mirnpymgdi QOHCXOAII~P Hen-pemmepmo E 









Pnc ,3. Pacqeameme kll, c B m a m m  c H ~ ~ O C T ~ T M  

H emarlbHocTa a m :  II - momysame;  - xasmaqlur; 3C - axcmipTam cxcTeu 











Ilo ME- ~ Q ~ O W X O C T ~  m B T C R  d 8 3 0 ~ 0 ~ 0 ~ 0 -  WEOPB- 

.TeTHUM K'ZITePHeEb P CZCTeMX m, EO3TOw B CIfCT@Masr T=OFO T m  

gsea wmam tIeJxoBePecxom @amopa J I O ~ E H  ocymecmmnxa ~ c e m a . ~ r  
m acm a l l a m  pa3pa6oms E a E c m T a m m  T ~ B C K E C C  cpencm %OC- 

T ~ M )  W. 
0 6 3 e ~ ~ ~ s ~ a f f  o g e ~ 2  coclro- PeTa PQ rqmezeza s 

.-gaamo& a m ~ o i t - ~ ~ m e c ~ o P  @ p ~ e  B r z o ~ ~ e - e  MEhaO n g g r r o ~ o z c ~ o  

no rrpezomgamem n g o E r n e c ~ s ~ ~  (mC 9422-A h 923) 

E R ~ R  I984 r, He c:noqE Ha m B e c m  ~LOBHOCT~ T Z K ~  WE+ 
~ e m m  MOAM~P Bce .Ire meAyeT O T T J ~ T ~ ~  ee nojrasaoclrs gm B m e -  

HBFI J Q ~  cgrsecssgsaqaro ~xoxoxemrk ( pac . 1) . 







QeXMd C E m e E f R  BepoRTHOCTE oIIIE~~Q¶XHX A ~ ~ C T B ~  ,WCll0T¶epOB W E  pa- 

6 0 ~ 0 .  

T a o 8  rromro~ n o 3 s m e ~  ycTmoamb, PTO n p n ,  mpoxmmme 

ommdmf, oamcembte K ne~soB r p m e  npsmpiec- a-T B obrac- 

TB : 

- BCeX 3 T U O B  ~ P ~ O B ~  C E e 9 H m C T a  n0 w: ~ O @ C ~ H O ~ H ~ ~  

OpEeFITa4Xli, ~ o @ c c x o H F ~ I ~ F E ~  ~ I c I X K @ ~ H Q X O ~ ~ C K ~  olrb~p, obgse- 

m e ,  nepegwsame, nosmeme ~ s m @ m m  H r.n,; 
- Bcex BmOB 068~IIErn0HE3 ,F%TUIbHOCTH C I X e v C T O B  110 QBI[: 



n ~ m p e - f l  l'Qml eCTeCTBeHH0, npEB0;nBT x aeod- 

T e m w e c x a x  c p e z c T B  rrpo@o~dopa H pacnpeaenem c n e q n a e T o B  no pa- - 
- 

d 0 ¶ M  MeCT2M; 

mi; 
- p a 3 p a d o T K a  MeTOAOB I I C H X O ~ O ~ ~ C ~ O T C )  aHUIE3a 

- paapadoaxa a p r o H o m e c x m  H O ~ M  ES ~ p e d o - ~ p a d o w  M ~ C T ~ M  

;n;HCIIeT¶epOB E T.A. 

~ T E M  n e p e m e M  OTHDP;~ H e  H c n e p ~ I t I B a T c f i  3a;~a-m~ ~ e o d x o m e  JWI 

p a 3 p a d o ~ x E ,  ORE cxopee mrmcp~pgio~ T e  mqamemm, HO ROTOPHM rn 

HMeeM HTar KOFwpeTHN0 pe3yJKhTaTH HJSE ~ O ~ ~ ~ O T R E ,  rrp~6-e~ K 

k X e  Qe,&XiFaeM B ~ ~ T L ~ H ~ & U € ? M  E3JIOXBELBH paCCMOTP&Tb XOme- 110 

,UEm BOIQOCaM, KOTOpHe, Ha Ham B 3 m m B  MOFgT COCTaBETb QCHOBY J?JA 

pacmpem M a p i o r o  COT~~JIBR~CTEEL 

4. % J I o B ~ Y ~ c ~ E %  @ R T o ~  H aBTOMaTR3- m, 
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New Directions in Ctew-Oriented Flight Training [ I ]  

J. Richard Hackman 
Harvard k i v e x a i t y  

Over the lase couple o f  years, o u r  research group has been examining 

how cockpit crews funceion as teams [ 2 ] .  Cur view is that understanding the 

behavior and performance of cockpit crews requires cat-aful attention t o  

team-as-a-whole issues, not  just to the behaviors of tndividual team members. 

To accomplish th is ,  we have been following cockpit crews through their entire 

life cycles, from the moment memhrs first met prior t o  a t r i p  until the team 

ultimately disbands--usually several days later. So fax, we have data from 

several U.S. airlines, three U.5. military units, and three overseas carriers. 

Although we have not y e t  completed data col lect ion,  some possible 

directions for  the next generation o f  Cockpit Resource Management (CRM) 

programs are starting t o  emerge from the research. I w i l l  describe rhrse of 

these directions in this  paper. They are: 

1. To take seriously the fact that cockpit craws are w, and t o  design 

CRM training SO that crsumemhers become increasingly skilled as team 

members. 

2. To recognize that the Captain is a seam lead=, and t o  help Captains 

become as competent kn Leadtng teams as mast of them axe in the technical 

aspects of flying. 

3 .  To achowledge that nreanfzettonal and re-otv r n  b a r  

powerfully on the degree ta which the lessons learned in Cltn courses will 

take rooc and prosper on the line, and t o  begin the never-ending process 
.+% 

of "tuning" the contexts v i th in  which crevs  pera ate sa that they actively 

support effective teamwork and crew eoordinatian. 

$ackntt Crews as Teams 

Despite,all the talk one hears these days a b u t  crew coordination and team 

dynamics in the cockpit, CRH: training programs tend t o  focus on improving the 

attitudes, behavior, and performance of individual pi lots .  Even those  CRN 



courses that  specify improved team functioning as a major educational objective 

often pursue that objec.tive by attempting t o  change individual atfitudes and 

behavioral styles. The fdaa seems to be that improved team functioning will 

come about mork-or-less automatically if each individual in the cockpit 

understands h i s  or her personal style as a leader or follower and recognizes 

the need for good c o ~ i c a t i o n  and coordination. 

Although the characterisries of individual team members are indeed 

important, our research suggests that there. is more t o  the story. It is not 

uncommon, for example, for an athletic team consisting of several indiv idual  

"stars" t o  be defeated by a leps-illustrious s e t  of players who work well 

together.  I f  I were a passenger on an aircraft that developed serious 

mechanical problems. T would prefer a cockpit crew consisting o f  average pilots 

who vcrrk well as a team to a group of superb technical f lyers  who do nat. 

What vould be required if helping p i l o t s  develop their skills as team 

leaders and mepbers were to become one o f  the central objocrives of CRM 

training? First. a change in mind-set would Ix required o n  the part of both 

instructors and students. Horeover, the training would have t o  lnclude . 

significant amounts o f  hands-on practice and feedback In  team performance 

ast t lngs.  L e t  us look more closely a t  each of these requirements:. 
'r 

e of mind--+. The history and culture of flying 1s highly 

individualisrfc, No p i l o t  forgets his or her first flFght, and this 

individualistic orLetttatLon is reinforced continuously rhrtrwghour a pilot's 

career--both formally (in training and proficiency check)  and SnforrpsLly 

(through a sratus system that accords the highest respect to great 

stick-and-rudder pilots). 

The work of a cockpit crew, in this v i e w ,  can be compared to the 

performance of a ballet. Although a ballet i a  indeed an ensemble performance, 

each member of the company has his ar her o m  part to play, and those parts are 

carefully choreographed beforehand. If each dancer does precisely the right 

thing at the tight time, the performance can unfold beautifully. One crev we 

observed lost a crewmember (for personal reasons) Ln mid-trip. mile we'naited 

for a reserve p i l o t  t o  appear, I asked the Captain if he was concerned about 

having a change o f  membership halfway through the t r i p .  "No problem," he 



responded. "Every p i l o t  in this company knows his job, and the new First 

Officer orill pick up right where Bob lofr o f f . *  ,Because ve were already quite 

l a t e  departing. the Captain called for push and the pre-start checklist 

immediately after the reserve p i l o t  arrived. Engine stare, taxi, and takeoff 

proceeded normally, and only vhen we were well i n t o  the climb uere 

Lntroductlons made all around. 

Was there anything wong with the Captain's behavior? Should be have taken 

a further &lap to get the crew re-established as a team be fore  proceeding? In 

this particular instance, the fact t h a t  the work began the moaent the reserve 

pFlot arrived did not r e s u l t  Ln any discernfble problems. But what if 

something unusual and challenging had occumed during t a x i ,  takeoff. or initial 

climb? Our research suggests rhar hadng raken a f e w  momenta before push t o  

gst the hndeties o f  the team re-established, so clarify the basic norms and 

ezpecrations that would guide behador in the cockplr, and to revfew together 

the strategy Ear taxi and takeoff (including cmt ingrneias  if problem should 

develop) would hare d e  a positive difference bad something gone ~ o n g .  f 

also ptedict;, based on conversatiom with p i lo ts  in n numbr of carriers. that 

marry pLlots--perhaps most--would disagree with chis conclusion. 

If my prediction l a  correct, then team-oriented CRH traFnLng w i l l  t d e e d  

require a change of mind-set on the part of program designers, Lnstruerors, and 

students. A f e w  airlines are now exploring how this  mighc be sccomplishad. 

One carrier exploits the para l l e l  between athletic teams and cuckpit crews ro 

help students see how team dynaraics affect crew performance. In another, 

students view video vipetres in which they can compare w e l l -  and 

poorly-functioning teams--bath of which are composed of fine technical flyers, 

The intent is t o  help pilots  see the differences between crews that function 

effectively as teams and those that do not,  and t o  sharpen their awareness of 

good team fmctioning as a factor that mmribures significantly t o  the s a f e t y  

and efficiency of f l ight .  

Pxac~iee and feedback in team nerformance s e t t i n s .  My remarks so far 

have focussed exclusively on what Clay Foushee has caLled the wawarenessm stage 

of CRH training. Avarsness is an assentid first step in  such training, but 



more is required. In addition, p i l o t  students need practice, reinforcement, 

and feedback in using CRH skills. 

Hy info-1 survey of existing CRM programs suggests that the empbsir Xn 

many of them i s  not so much on a6 on members' -. v 

Typically, each participant takes  a paper-and-pencil test that, when scored, 

resaals h i s  or her characteristic style of operating in teams. I n s t a t o r s  

then help participants see how certain styles are better  than others for 

promoting ream effectiveness. Student6 may learn, far e-ple. that Captains 
.. 

~ b d d  behave in ways that  foster a s k  accdmplishent and i n t e r p e r s o d  harmony 

s id taneous ly ,  and that they should avoid b ~ t h  autocratic and relentlessly 

democrati e leadership styles. And they may learn tbt First Mftcers and 

Flight Engineers should be assertive (but not excessively or unpleasantly so) 

with their Captains when something occurs that concerns them (such as when the 

Gaptain is a dot or ~ u o  low on an KLS approach). In full-fledged programs, 

parttcipants also have rhe chance t o  experiment with the new styles they have 

been taught. The hope is that the styles taught in the classroom vill be used 

to good effect  hen pilots return to the I fne .  

Although trainees Lnvariably f i d  tests of behavioral style  Lnteresting and 

informative, I have a number of concerns about such devices. [ 3 ]  For one 

thing, they perperuare the individualistic orieneation of aircrew training: 

the assumption i s  that crew effectiveness ui31 improve 1E the sryles of 

individual members become better aLigned vith vhat is viewed as desirable by 

the theorists who construct the rests. Unfortunately, X know o f  no.empirical 

evidence that supports this assumption. 

Even when changes in style are learned in the classroom. they may nor 

generalize to the cockpit. Indeed, those times when a.newly-learned s ty le  

would be most valuable are precisely the times when i t  is leest l i k e l y  to 

appear. Research has shown that when a person becomes highly aroused (as 

typically happens under stress), he or she reverts t o  well-learned behaviors, 

exhibiting whatever response is most dminant for that person in that situation 

(Zajonc, 1965). Learning a new hhavFora l  style in a CRPI course does not 

imedLatsly change someone's dominant resporrsas; they are too deeply 'lngsained 

f o r  that. Therefore, when a crew encounters a highly stressful situation, such 



as an engine fire followed by numerous secondery problems, each crewmember is 

likely to revert to his or her old, tried-and-true nay af dealink with such 
I .  

events. The new behavfors learned in the elassroom are diLeZy t o  b seen, at 

least not until the crisis has passed. 

ThFs phenomenon is aiealy illustraced in a story to16 by bit. Reuben 
Black of D e l t a  Airlines. Some years ago, an instructor was attempting t o  get  

hts students to s w ~ r i z r  the thisreen steps that were to be taken in zha event 

of a hcater.fire on a certain aircraft, The students Vera having trouble 

committing the list to memory, but: the instructor persisted. Finally one 

veceran Captain captured the essence of the problem vhen he exploded, "Hov the 

hel l  do do you expect me to remember a l l  this shit vhen I'm w?" 
How, indeed? And if paper-ad-pencil  t e s t s  af individual behaviarat styles 

are unlikely t o  do the trick, vhar alternatives afe  there forheLping 

crewmembers learn,,the skills that can help B function effectively? TO 

frame the  question that way 5s to begin t a  answer it: ro learn a nev s k i l l  is 

a wrg different--and more tractable--enterprise than is changing one*s , 

characteristic behavioral style. Crewmembers can learn how to get  a team off 

t o  a good start, how t o  deal with a change of menibership in the cockpit Cor a 

new cabin crew in the back),  how co negotiaw w i t h  mcooperative ramp or 

meintenance personnel, how t o  addxess ~onfliets among members consrrucrfvely, 

and how to draw wr a d  use the f d l  range o f .  expertise that cxf sta  in the 

cockpit. "Ah," a creumember may reflect. w l h o w h o u  to do u." And then 

he of she may proceed to do i t ,  wing his or her own, idiosyncratic style. 

Uthough we already know many of the skills: needed to help a team become s 

self-correcting performing unLt {see Hacban, 1987, and Hackman h Walton, 1988 

for an uveruieu), it remains a eUlenge to &sign t~daing that helps p i l o t s  

learn those s k i l l s  and become comfortable in using them. Even relatively 

simple technical skills, such as starting aircraft engines, require practice 

and feedback before they become settled in a pilot's repertoire. How can 

pr~ctfcs and feedback be provided for Interpersonal and team skills such as 
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In my view, there is no better alternative than Line Oriented Flight 

Training (LOFT). In LOFT training, pilots operate as a real team in a setting 

that is' uncanny in its realism--but that'also provides a safe site for 

experimentation with new or unfamiliar behaviors. Moreover, video feedback 

allows pilots to review their behavior, and to assess how (and how well) they 

exhibiized team skills. Finally, the involvement of an instructor during review 

of the videotapes can provide precisely the kind of coaching needed to help a 

pilot hone a new skill and become comfortable with it. 

Because one is behavins in a LOFT session, it is possible for an 

individual to analyze the effects of his or her actions on the team and its 

work. 4s ehe videoeape plays, the data about the crewmember's behaviors are 

literally right in front of his or her face. Moreover, the inseructor and the 

other crewmembers are in the satiie room, available to help in exploring t@e 

positive and negative effects of those behaviors. 

Let me emphasize that the intent of such training is not to get people to 

change their seyles to some predetermined pattern that,hs been specified as 

"best" for cockpit crews. Instead, the focu,is on how each individual san 

exploit the strengths, and contain the weaknesses, of his or her own 

characteristic way of behaving in teams. Although airlines and military units 

are still learning how best to use LOFT for such training, the potential 

benefits of this technique over the long term are enormous. 

W t a i n  as Tern Leader 

Let us return to the parallel between cockpit crews and athletic terns and 

consider a basketball team ehat includes a playing coach. There are, without 

question, a number of constmctive thi%s' a playing coach can do on the floor 

drning a game--such as adjusting team strategy in response to opponents' 

behaviors, reidorcing high effort and enthusiasm, and keeping play 

well-coordinated. Yet what can be done on the court vith the clock runraing is 

necessarily limited. Imagine a situation in which there are 40 seconds to 

play, you are three points down, the clock is running, and you have no timeoues 

left. That situation is akin to being over the marker with no autopilot in 

rapidly deteriorating weather, and having a flight attendant appear in the 
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familiar with their work) as excellent team leaders engaged in significantly 

more of these team-building activities during the first fev minutes of a crew's 

life than did Captains who. had been rated as equally good technical flyers but 

as less expert in team leadership. Moreover, what happened in first few 

minutes carried forward throughout a crew's life: those that had a good 

'pre-game" briefing generally fared better than did those that received no 

briefing at all, or a briefing that undermined rather than affirmed the 

integrity of the crew as a performing unit. 

Our current research builds on Ginnett's findings by seeking to determine 

what Captains can do later in the life of a crew to further strengthen its 

capabilities. Preliminary results suggest that other low-workload times, such 

as during extended cruise or on overnights, also are good times for building 

a crew's ability to handle difficult in-flight situations. 

If these findings hold up, they would have at least two implications for 

t h e  design of team-oriented CKM training. First. Captains could be ahown that 

there are many different occasions when they can provide constructive 

leadership to their crews--including times other than the high-workload periods 

that SO often are the focus of attention in accident and incident analyses, and 

that occupy center stage in many CRM programs. And they could learn that 

leadership -intended to "fine tune" crew performance is both easier and has 

greater impact if a crew already has been built into a basically sound 

performing unit. 

Secondly, Captains could be taught specific skills that are useful in 

exploiting the opportunities that low workload times offer. For example, they 

could learn how to efficiently form their crews into teams; how to conduct 

initial briefings that get teams off to good starts; how to take advantage of 

the "halftime" represented by overnights on multi-day trips; how to use 

extended cruise to further strengthen their crews; and so on. They could be 

shown that these kinds of activities are precisely what great athletic coaches 

do, that great Captains do them too, and that--in truly superb crews--such acts 

of leadership also are initiated from time to time by members other,than the 

Captain. 



L e t  ma re-emphasize tha t  this kind o f  rraining generally does nor require 

Capeains t o  change their individual p e r s o ~ l i t i e s  or s t y l e s .  Instead, the 
, . 

trainees learn how to their o m  preferred s ty les  t o  gut in $ace 

conditions that h d l d  and mastain effeczivs t e m r k .  Still, training in team 

oriented leadership is snre r o  require repetition and opportunities for 

practice, since mgny Captains vLII find ream-building s k i l l s  unfamiliar and 

awkard when they first try them.  This i s  anather setting in which LOFT 

training has much t o  offax. 

The potential benefits of team-oriented leadership trainhg are great. If 

a Captain has done a good Job i n  forming and building his or lmt craw as a 

teara, then the chances are god that the reaoureeo need& to d e d  3.e 

si&f icant problems arid opporhmirles uL21 be both avauabls &d daplqable.  

Then. even f f zhe Captdn d k p s  h t a  an ineffective style of leudershfp dud% 

a crisis, help still may be forthcoming f r o m  h i s  or her cdleegues, precisely 

because he qr she previously took the trouble t o  build the crsw into a s t m g  

performing unit whose members are prepared to s h r e  responsfbiltty f o r  the crew. 

and its work. 

We can view the major influences on cack@t crew performance as three 

concentric circles. The innemst circle is uhst happens Ln real time. an the  

Line. To return to our basketbaIl enatclgy, these are rhe ac ts  of leadership 

that trewmembers exhibLt on the C ~ P .  v h i l a  the game is undervay. Although 

important, they are f a t  from the whole story- The next circle is team-hufldkng 

and tern-strengthening activities. the acts of leadership I j us t  discussed, the 

ones tha t  take place out o f  the cockpit or during l o w w o r ~ o a d  times. If these 

act iv i t ies  are done w e l l ,  then less hands-on, real time WIIagetaenK of the crew 

may be nscessary--and the hands-on manageam& tkt & &ne i s  likely to 

unfold more smo~th ly  and wtth greater success'. 

To emelude my remarks today, I'd l ike  t o  reflect for a f e w  moments on t h e  

outamoat: circle. This is the within which the crew operates. Of 

special interest: here are the policies and practices aerf the organization where 

the crew works, and those o f  government agencies that moniror and regulate 



flight operations. If what is taught in CRH training conflicts with 

organizational or regulatory influences, training is almost certain to come out 

the loser. Indeed, the research literature'is full of studies in which 

well-conceived and well-executed training-fails because what is taught is 

poorly aligned with the culture of the organization where the vork is done. 

New skills learned in training are like the sprouts of plants that' emerge 

in the spring. If the climate is unfavorable, or if .someone inadvertently 

steps on them, they do not survive. For this reason, Cockpit Resource 

Management cannot stop at the classroom door. A full-fledged CRM program also 

must address the context within.which crews operate to ensure that 

organizational policies and practices support rather than undermine the use of 

CRH skills. Our research thus far has identified six different arenas in which 

contextual influences--the factors in the outermost circle--can either 
, 

reinforce or compromise what is taught in the CRM classroom. 

Scheduline and rosterin0 ~ractices. Ideally, members of a crew would 

work together for a considerable period of time, so members have ample 

opportunity to build themselves into a superb performing unit. Moreover, on 

any given trip they would fly the same aircraft and work with the same cabin 

crew. The advantages of a crew having integrity and stability over time are 

evident in our research and are documented as well in an experimental study 

conducted by Clay Foushee and his associates (1986). , 

Airline practice often is at variance from this ideal (although sooie 

military organizations, such as the Strategic Air Command, closely' approximate 

it). In one organization we studied, for example, a normal day's flying could 

involve two or three changes of aircraft and as many different cabin crews. In 

another carrier, it was not uncommon for the cockpit crew itself to have one or 

two changes in composition over its life. 

Constant changes in cockpit crew composition deprive members of the time 

and experience they need to build themselves into a good team. Frequent 

changes of equipment tempt the crew to take shortcuts in accepting an aircraft 

(when. for example, the crew has to dash down the concourse from a 



late-arriving inbound flight t o  pick up A new 8irp2ane for m- already-late 

o u t M  flight). And frequent changes in cabin crew deereaae the chances rhat 

ehe Captain w i l l  conduct a groper briefing of' the lead flight attendant of yet  

another new cabin creu. Overall, scheduling and rostering instability 

constrain3.a crew's a b i l i t y  t o  "settle in" and develop performance strategies 

and routines that are untquely suited to the particular demands and 

upportunities of a given day' o work. 

Some real ef f i c ienc ies  in the use af personnel and equipment can be 

achieved if p i l o t s ,  f l i gh t  Attendants. and sixcraft are switched armmd from 

day t a  day. or even within a given day. The financial benef i t s  of these 

efficiencies can, with a l i e t l s  effort, be calculated--and they probably are 

substantial. k t  cannor be er lcu le tad  so readily are the costs t o  crev 

perfowance that are incurred vhen organizational scheduling and rostsring 

practices make i t  next to impossible for a crew ro become established as a 

stable task-performing unit. Our research suggests that these costs  nap be 

substantial--and, indeed, t h a t  the full benefits o f  CRH training m y  never be 

realized if crews ere kept constantly in a state  o f  flux. 
uct e n f a e d  bv fl-. Irtsably, trsbning s t a f f  

and check airmm would be fully conversant utrk, a d  supportive o f ,  w h a t  is 

taughc in Cockpit Resource Management courses. CRn concepts; wodd be 

reinforced in recurrent and upgrade training. Debriefings from cheek rides 

would review haw the crev operatad as 8 ream as well as members1 technical 

performances, and check airmen would both reinforce constructive teaa bebavior 

and help members fdenttfy behaviors that may have detracted from good team 

Vuce again, standard practice in the d id ines  ye b v a  smdi td  ofcen i s  a t  

variance frm the ideal. Check airmen typically are eelectad on the basis o f  

tkeLr techical skills (coupled, in many eases, with baing in .the right 

"netwrk' and horn to chief p i l o t s  or night  standards managers). We also 

find comiderable variation in the degree to which check at- themselves 



understand and practice good cockpit resource management. Some are deeply 

knowledgeable about such matters, and take it as a personal responsibility to 

share their knowledge with other pilots and to reinforce behaviors t&t 

contribute to effective teamwork. Others, to state it bluntly, view CRH as 

bullshit: they focus exclusively on the technical aspects of flying, confident 

thnt one day CRM, like so many previous programs, will be history. The damage 

that can be done by even one individual vith thi.s attitude is considerable. 

One Captain told us of an instance when a colleague, fresh from CRM training, 

noticed an anomalous instrument reading while being .given a check ride. He 

turned to the First Officer and asked for his views about what could be 

responsible for the strange behavior of the instrument. "Just a moment," 

interjected the check airman. "I'm checking m, not him. You figure it 

out." That kind of intervention by someone who has control over your career 

can un-do days of first rate CRM training. 

In all the organizations we have studied,,check airmen, like regular line 

pilots, go through whatever CRM training the organization offers. As yet, 

however, we have not seen an organization where selection for the role, or 

continued occupancy of it, requires that check airmen demonstrate their own 

expertise in CRH. Nor do the airlines we have studied explicitly require check 

airmen to address CRM items in their debriefings--although there is movement in 

this direction at a number of carriers. I applaud that movement, because it 

seems unlikely that CRM will take root and spread until and unless check 

airmen, vho are the front line of quality control, endorse and behaviorally 

reinforce CXM values. 

m o t  selecti-. Ideally, cockpit crews would be composed of 

individuals who are well-skilled both in the technical aspects of flying & 

in working in teams. One of the vulnerabilities of teams is that a single 

member who is unable or unwilling to work collaboratively can easily undermine 

the effectiveness of an entire team. And there are some people, including some 

pilots, who are just not cut out for teamwork. 

Once a pilot has been hired, the organization's commitment must be to work 

with and develop him or her as a crewmember. I doubt that any airline would 

terminate a pilot solely because he or she was not a good "team player," nor 



would I advocate such octim-. the threat of being fared makes i t  harder. not 

easier, ta %earn tram skills. Far preferable is %or orgmizrations to reinforce 

positive team b h a v i o r  and t o  coach individuals who lutve trouble working in 

teams so that they become as sk i l l ed  as possible in team vork, 

The t ime  when chotees can be made, then, is not after someone i s  already on 

the line, but when he or she initially is considered for employment. I f  every 

individual selected had at l e a s t  rudimentary skill in working in Eeams, then 

over time t h e  t o t a l  gopulacion of pilots in en organization would become 

increasingly amenable t o  team-oriented tesaurcc management. eraiaing and t o  

s k i l l e d  use of that training oa the Pine. 

While it i a  not simple t o  assess the interpersonal or team skFl ls  of 

prospective pilots, it is no mare dif f icul t  or dubious an enterprise then using 

personality tests for selection--= routine practice a t  many carriers. 

faterviews ~ n d  paper-and-pencil t e s t s  can be o f  some help in assesstng team 

s k i l l s ,  but cannot be relied u p a  exclusively, Perhaps most imformtivie would 

be o b s e ~ a t i o n s  of prospective ppiots sseizudlgr operating in za ntm settinge 

(such as in r group of apgltcanto working on a psoblen assigned t h e m  by 

selection umff). Observers could be trained to assess the ~Bflle: that each 

pamhcipanr demonstrates in the group setting. and those data could be c d t n s d  

Mth information from t e s t s  and lntervfevs to arrive at an m p l n p e n t  decision. 

While such procedures would be u d  in most ats transport argad.eaeim~, 

rhe long term benefits of basing pilot selecrion for craned aircraft partly m 

ream skilPo. are cmsiderable. Organizations surely should do whatever they can 

r o  ensure that each f l i g h t  crew begins irs work atop the highest possible 

"pla~form" for team forma~ion and development that  rbe  organization can 

provide. A key feature of s u c h  a platform, in my view, is that the p i l o t  

population i t s e l f  be composed, f a  the greatest extent possible, of people who 

Eind team work agreeable--and who h v e  at least the basic interpersonal s k i l l s  

needed for team work. 

. . 
- W E .  Ideally, excellent ream performance by 

cockpit creas should be recognized and rewarded by their organizations. Such 

rclrards ~ o u l d  signal t o  p i l o t s  the importance that the organization places on 

feamork and would provide an Fncmnttve f o r  conrinued striving for excellence. 
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Teams as vhole u n i t s  occasionally are recognized by their organizations, 

usually when a craw has surmounted an extraordinary performance ihallenge such 

as a hijacking OK a catastrophic mechanical failure. 141 But w h a t  abwe crews 

that rum in consistently first rare performance evety day? How does an 

organization recognize a t e r n  that has become expert in doing the quiet 

persuading of others that so often is needed t a  achieve on-time departures, 

that routinely deals wel l  with passengers, that operates the aircraft with 

greet  efficiency, and that takes a mult i tude of small extra s t e p s  t o  promote 

safety and comfort? 

Is it even possible for an organization to recognize and reward routine 

exc+llence by flight craws? Or is it necessary to rely exclusively on rewards 

that are ;elf-administered by teams--that ks, on the ~ o l l e c t i ~ l l  good feeling 

that comes when a team knows that Lt has done a first rate job? Clearly, it is 

nearly impossible for an organization to recognize and reward crev perforeance 

if crew c~mposition Is constantly changing: by the rime relevant data beeoff 

arailabLr, the crev no longer exisrs. If crews are relatively stable, however, 

a nu-rjer af possibilities become available. For example, information that 

routinely i s  collected for use by management (such as data abaur f-l burn, , 

passenger complainrs and compliments, on-time pushbacks, and so on) could be 

sunmarized and routinely passed onto crews. These data would serve two 

purposes. First, members would have the data they need to monitor t h e i r  bwn 

effectiveness pver rime, r o  initiate corrections of chronic problems, and to 

seek ways of operating that generate performance impsovemenrs. Horeovar, crews 

would experience thac special good feeling tha t  comes when rnemkers know that 

others in,the organization arc aware of, and appreciate, their efforts and 

accomplishments. 

Bundane miterid resour-. Ideally,  a cockpit crev would never 

encounter a delay or an unsafe situation merely because the resources { f o r  

example, equi~ment, papervork, supplies) needed fox the work were not 

available.. Among the saddest of aLL crew failures are those that occur when a 

tern is well designed, w e l l  staffed. and well led--but nonetheless lmable to 

succeed because m d a n e  material resources are lake or inadequate, or because 

members have become frustrated and angry in trying to obtain them. 



Providing resources and suppart, i n  q L e  supply and an ti-, is +specidly 

challenging for managers of  aLr transport orgmizations because aa mny , 

different items m s t  be available a d  coordimted if a t r i p  is to unfold 

moothly. Far too of ten  it falls on the crew t o  try t o  figure out how to deal 

v l t h  the absence or tardiness of such basic resources as cgtarfng, fuel, 

de-icing, a tug--or even the aircraft i t s e l f .  It is hard to focus on achieving 

superb team performance when you do not even have w h a t  you need t a  accamplish 

your mast basic responsibility--namely, getting an aircraft away from the gate 

end f lown safe ly  t o  a specLfFsd BestLnation. 
- > - ---,.- 

Hamgers who place a high prioricy on providing crews with bas ic  material 

resources do much t o  empower the crews for which they are responsible, and to 

e d l e  crews ta give f u l l  attentfan to spec id  reaponsibilfcies--without 

constanr: distractions and irritations from problems rhat: are properly someone 

else's concern. 

corv w k x e s  and Dractl . . 
' t p ~ .  A final. set  of contextual knfLuences, 

the policies and practices of govermmnc regulators, is lacated entirely 

ourside the organization. Ideally, fhese policies  and practicas also would 

reinforce CRM ideals. In practice, however, r~gtdations and regulators 

sometimas get in the way rather than help--even though their inrentions 

invarbbly are consttuctiur. Thus, airline managers, who often are tn a better 

p~sfblan than are policy-makers to identify any uninrended negative 

consequences of  government actfons, need t o  exercise influence wifh xegdators . 

t o  ensure that this outermost layer of the context alaq promtes rather than 

mdesmfmis effective reamnork in the cockpit.. 

We have observed airline managers take initiatives vith regulators ro 

influence proposed rule-making, to obtain e x c a p t i ~ n s ~ t o  existing ru les ,  and t o  

influence actions regulatory staff are canstdexfng taking vls-&-via the 

organization or a pilot in i ts  employ. These are appropriate activities, 

p r t i d a r l y  if they ere guided by an overall crew management philosophy and . i f  

m!XnageKS avoid the trap of rourinely objecting ta any and a l l  regulat~ry 

initiatives. But more can be dons and, Ln some organitatioas. I s  being done. 

S o w  airlines. Eor e m p l e ,  invite rsprasentativas of government agencies to 



attend CRn courses a$ participants, They hold faformal briefings a b u t  the 

organfzation's CRH philosophy, and actively seek the ideas and advice,& 

government representatives. They ahare with t h e m  the thtngs thit &e 

done within the organization to strengthen crews as teams and explore w i t h  them 

ways that regulators might bt able to help. 

Nor a l l  government representatives are responsive t o  such initiatives- -but 

most do recognize that ultimately the goals of the public and the Industry, of 

pilots and passengers, are for  the most part congruent. I f ,  by taking 

constructive init iat ives  with regulatoty+agencies, airline managers can achieve 

the kind of relationship that many carriers already have with their pilot 

unions (clwt is, in which there are 1egLtiwately adversarial features but also 

recognition that a l l  parties share fundamental values regarding safety and 

organizational survival) then these managers w i l l  have done much, in a aetrtng 

about as far  removed from the  CRH classroom as one can g e t ,  t o  promote the 

implementation of the concepts and s k i l l s  that are taught in CRM courses. 

Cockpit resource management traFnLng is moving to t h e  next stage in its 

evolution. mils training that focusses on individual atritudes and s k i l l s  

consinues to be Lmpottant in CRM programs, th4re i s  an Lncreasfng emphasis on 

what Ls required t o  build, lead, and orgenizationally support crews as geamq. 

In  this paper T have identified some factors suggested by our research that may 

be worthy of attention in getting CRM established on this next, higher plateau. 

In the early days o f  C M ,  attention appropriately was focussed on basic 

questFons of course design, on the construction of LQn scenarios, ;md on w h a t  

was necessary to persuade both airline managers and pilots that CRH acrivirLes 

were worth the trouble and expense. Although there are always opportunities to 

further refine and improve instructional materials and techniques, and there 

are always same recalcitrant individuals who need t o  be convfnced that resource 

management is not just an expensive ,and irrelevant feel-good activity, 'it is 

now time t o  move on t o  new challenges. 



Our research shows that those challenges have much co do with how well 

crews are cOmposed, structured, and supported by their organizat:ons--and with 

the degree to which regul&ory policies and supwrt teenruork on the 

flight deck. Indeed, I suspect that among the  highest leverage activities 

managers can undertake t o  harvest the benefits of their investments in cockpit 

resource management are those that seek to improve both the basic design of 

crews as performing u n i t s  and the supportiveness of the organizational contexts 

within which tbose'crens operate. 

[ I ]  T3is paper was prepared f o r  delivery at the ICAO Human Factors Seminar, . 
Leningrad, April, 1990. The paper draws heavily on a presentation by the 
author at the Seventh General Flight Crew Training Meeting o f  the Inceffrational 
A i r  Transport Ass~c ia t ion ,  New Orleans. February, 1988. Pares of the paper 
also draw on meterial originally presented by Hackman (1986) and Hackman and 
Helmreich (1987). The research on which the paper i s  based is supported by 
Cooperative Agreement NCC 2-457 between the Ames Research Centet of NASA and 
Hamard Uni~ersity. Helpful comments on have been provided by Roberr Gimeet, 
Linda Otlady, and Tom Salmon. 

121 Hembers include Wnda Orlady o f  United Mrlines. Robert Ginnett o f  the V:S. 
A i r  Force Academy, and Clay Euushea of  the Federal Aviat ion Ahinistrarfon. We 
also have received valuable counsel and ass i sance  from Robert Kelmeoich and 
his associates at the University o f  Texas. 

[ 3 ]  sty credibility on this topic m y  be lessened s o w b e  by w b t  happened 
when I participated as a guest in one carrier's program. I took the test 
that was offered and, upon plotting my scores, discovered that my c,haractee*istic 
behavioral style was mast tiimilar to that of mhousewife.* Moreover, I was 
predicted KO behave even more like a "housauifem when under s t r e s s .  This 
category was not viewed by other participants as among the most desirable. 
AIchough they acknowledged that a university professor might well fall into it, 
a real surely would not. We aL1 laughed about the episode, but I c o u l d  
not help wondering about the  feelings of those pilot participants who shared 
the category with m e .  

[4] Once again, some military organizations haw an advantage: not only do 
crews remain intact, 'but training missions are scored an objective criteria 
(such as bosbs on target) and t e a s  'that perform well are explicitly recognized 
a d  rewarded. 
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ABSTRACT Five miti& desemlnaats of 
flightcrew behaof or, ABILITY', PEB- 
S O N A L f z 4 W J R  ON.dEmP TRAIN* 
ING, and 3XVERGY, we dktustd in rela- 
tion to an angoing NASA research 
p r q ~ a m  Major figding md rnet!mdoIogi- 
cal issues u e  dismwd. It is suggested that 
personality factors have k e n  re%diveIy 
ntglectcd md shotM k given additional 
weight, Problems in changing orgad=- 
tional culture and rehforcing mining 
crcw coordination (Cockpit Resource 
Managemem) are d c d k d .  

me authors have k e n  iavo&CQ in 1 

study of flightmew p d o r w c t  for aslady 
a decade. This program, $upgoroe8 by 
NASA and paficpating a ~ a % i o n s ,  in-, 
volvcs US and foreign airEi;ncs, and units of 
militmy aviation. Its primapy goals are to 
eduate  and enhance a e w  seIadon and 
crcw ttaidng 'Fhc smdty is uriiquc.botb in 
king lo~'nrclind a d  in attempting to s$- 
scss tkc m lIrip1e influences on m m  @or- 
mancam Most research has d d t  with one or 
at mast two dsterarninmts of prformanca 
This report will atkmgt to highlight key 
research issues and operational progress in 
and across areas. 

Ab$IIByq n e  ~c-i't~~ng of applim# for 
flight an ability dimemiom @x~&w$J back 80 

the First World Wax a d  ha ig%~Huded both 
paper md penal md ~ S ~ C R Q ~ O P O P  t e ~ ~  

and im emensive liPe~a%ure repons the 
v&diry of these eadeavo~. OUR research 
bas not k e n  f w s e d  on the issue 0% ability 
d OUP work ha no0 gone further 
thm a%l& u s  of stmdadked mesUheS of 
hteUgence to dasify aemeae$er:~s 
w do not plaa 00 reinvent the ' whee%, 
Hwmsrg we BXB eoneemed with s s e s i n g  
.%he i m p a  of c ' g  a d  qsem mtoma- 
daw and how they mgy e h g f  the abgity 
requiriments for crewmembers (pap. 

Wjener, 1989). F o p t h m ~  g e n ~  rl%iom 0% 
aircraft may require less In aexrns of 
pqchomotor rldB aRd more in the sognd- 
the me% sf $@awe and faciliq with 
computers. Wile we art collecting data on 
*glass cockpip aircraft, we have not yet 

been able lo draw any conslusiom 'about 
mtqutiremtnts. 

L Persslaallty, While pilots have long known 
that personality factors are major in- 
fluences on flew perfdmanec and interac- 
tions, rtscarch psychol&ts h m ~  nut 81- 

ways shared this belief (ic,g. Helmreich, 



1986). In fact, the research literature would 
justify a high degree of skcpricism as litole 
hard evidenk can be found for thc utiUty 
of personality trzits as predictors of perfor- 
mance, We bet! that &crc are twg priamy 
causes for personaliq's p r  track record - 
the utlt of inappropriate performance 
criteria and a concentration on screening 
out psjchopahology rather than selecting 
iPI POT optimal perfomce. Examining the 
litsranlrc OR pilot selection, wnc finds that , 

the criteria most often empIoycd. are 
completion of training or pehformance in 
training. Our research (Htlmreich, Sawin, 
& Carsrud, 19%) suggests that personality 
relates mush more ~trongly to prfomance 
in operational settings than so behavior 
during training where motivation lo obtain 
tkt position may override the influence of 
stable personality traits - a phenomenon we 
have labeled the "honeymoon effect". 

We hwo found a canstcllation of 
personality traits that predicts superior per- 
formance in a vwiev of demanding voca- 
tions including aviation (ffc!rnreich, 1986, 
1987; Chidestcr & Faushtt, 1989; 
Chidester, Melmrcich, Gregorich, & Geis, 
submirted for publication, Spenee & 
Helmeich, 19831, Tbtse traits form two 
broad dimensions - instrumentality or 
achievement motivation and exprwfiiviry or 
interpersonal competence and sensitivip, 
Individuals high on. b t h  dimensions have 
been demonstrated to perform better in 

-- -. - 

multi-person crews duPing both Iine opera- 
tions and experimental: simulations. These 
trait dimensions arc orthagbnal to ability. 

Mu& of the effort by psychologists 
in selection has cenkrd  on detecting and 
eliminating mdidatcs wha show signs of 
present er incipient psycI~qa tholow. We 
do not question the importance of Xhk task 

' or arguc that clinicians and clinically 
f u s c d  pychometric instruments such as 
the the M h o t a  Multphusic Penmalip 
Imtcntoy (MMPI) cannot accomplish this. 
Wc do suggest that measures designed d t h  

a clinical orientation may not tap facrors 
related to superior performance. We arc 
crrmntly conducting regarch on A.tronaub 
selection in NASA and have just colIcaed 
data on the most recent group of can- 
didates (Santy, Rose & Hclmrcich, 1989). 
Thk research is aimed at defining require- 
ments for long duration missions in Space 
Station Freedom and the resulrs were not 
used in electing the current class. The 
most striking finding wa5 the lack of con= 
p e n c e  between judgments based on clini- 

. cal measures (including the MMFI and 
structured intcnriews) and evaluations 
baed on the personality battery ai icd at 

"sckcting in" the best qualified candidates. 
We feel that this k an extremely important 

-. am for research md that, in the case of 
selecting individuals for scnsi tivc and 
demanding positions, fhc optimum strategy 
may prove to be to condv,a parallcf assess- 



ments to S C : : ~  out pych~lpath~log~ and 
to select in those with the most favorable 
constellation of desirable traits, 

Ersvlronmen t .  Professor J. Richard Hack- 
man (1986) has referred to the setting in 

* which flight operations occur as the 
"organirationd shclY, The shell includes 
the physical resources made available to 

the crews including training and maia- 
tenance and the culture and n o m  that 
have developed in the organizatioa and fn- 
dustsy, Certainly m e  of the overarching 

. norms that dates back to the earliest days 
of aviation is training and checEdng piloss 
as idividualr rather than am (e.g, Hack* 
man Cc Hclmeic3, 1987; Hclmeich, Hack- 
man, (5 Fonshee, in preparation), 

As pan of our research we have 
k e n  colltaing data on crewmem'oers' ax- 
tieudes about issues in cockpit rnahagcrncnr 
and personzl cbaracttristies using our 
Cockpit Managemefit R rritudes Question- 
rtaim (CMAQ: Hclmreich, '1934; Gregorich, 
Helmreich & WilheIm, in press). We now 
have data from near!y twenty thousand 
crewmembers in three countries on tMs 
twtnry-five item survey. me item of the 
CMAQ form three major facton that we 
have labeled Comntwticmim atld Cmr- 
dimion items dealing with interpersonal 
communications and interactions, COT- 

mmd RerponribiIily # dealing with lcadcr- 
ship and command issues, and Recognition 
of Stmot E'ects, = reflecting awareness of 
the impacr of, variws kinds of stresson 

such iu fatfpe, family ptoblem, and cmer- 
gtncics on personal capabilities. 'Shcsc al- 
titudes have k ~ ! n  validated as predimrs of 
crew performance (HcImeich, Foushce, 
Emon $c Russini, 19%) and a l s ~  provide 
a glimpx of the "shell" within organha- 
tions. We anticipated substantial die'- 
ferenccs beween organintiom but were 
surprised by several other finding. One 
was the &tc~ce.sf highly significant dif- 
ferences within organizations as a func:isn 
of crew position. We found rbat Captains, 
First Officers, md Flight Engineers dbf- 
fered substantially in sheif attitudes regard- 
ing appropriate cockpit management. 
Again within orgaosizatiom, we have 
routinely found large differences kweca 
aircraft fleets. Figure 1 s h m  data OR the 
CMAQ Command Resposibility factor 
prior to CRM training in nine airlines from 
the U.S: and mrope. We feel that rhs u i s b  
tencc of differ encts in attitudes about 
fl ightdcck management within h e  cockpit 
must be sen ccted in Iess rhan optimd c e w  
performance and Mhet that the improve* 
ment of attirudes and elimination of sen& 
differences and may be used as a criterion 
of training e5Tcacy. 

Training, Our work is centered on ex* 

pericnccd 'crews in organizations with 
highly developed training programs, As a 
result, wc have been able to assume a high 
level of tcchnimI win ing  and competence 
mong rcscnrch subjects, Accordingly, our 
research into training has centered on 
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programs designed to improve crew mor- 
dination, usually titled Cockpdd R a o m d  
~ m q p a c n t  training, Such grogram arc 
becoming widespread md ut optimally 
csmbintd with full mission simulations 
(Lht On'md Flight Tr*: LOFT) to 81, 

low aewmernbers to p r d c e  and beceive 
feedback OR techniques of communica~ 
tiom, decision n ding, and coordination 
It seem highly I kcly that C M  a d  LOFT 
will be required i y regulation in she United 
States within 5 ; $w y b m  b t h  pr~prarns 
are daaibad in recent or fonhcomiwg Ad- 
Y ~ O V  C i d m  i : i ~ ~ e d  the U.S. Pedcrd 
Aviation Administrabjon. 

We uoilize ckzmges in attitudes and 
participant eva1uad0~5 as two measures of 
reactions to CRM md LOFTI The results 
arc highly camistent., crewmenhers over- 
wheldzlgly endrase %he m i ~ n g  as vdu- 
able, Figuse 2 $how5 the pus-training 
evduatiom bf th . usefulness a% the course 
in twln major aisl,nes, We have  SO % O U ~  

highly sigslificme improvemtnt~ in attitudes 
in every organization Figure 3 shows pre- 
and gest~trsining attitudes on the Corn- 
mand ' :esgonsibiIity scale in a major air- 
line. F t t ing of crew pdomancs in both 
lint aK 1 simulator also suggest better p r o  
iomance from crews who Rave received 
formal training in CRM (Helrnreick, 
Grcgorich, WilkeIm, & Chidester, in 
press), 

Despite these positive indicatiom, 
the research suggests that some problems 
remain and that mush 6 and should be 

done to makt the trdning mate impact$d. 
One cursissent finding ie that, despite the 
high overall accepsmce., some cTewsratrnm 
hen rtjacr the training and may even 
emerge wih kss favorable absitud~s &an 
they brought - 8 boomerang .effect 
(Hefmeich & W d h e I ~  1989). an in- 
dication of the complex relations hips 
among the deter mi am^ of crew perfar- 
m c c ,  we Rave found that reactions t~ 

CIW bs-g u e  predicted by $ X E Q ~ ~ Q  

cnnste8Patinnr;, This s~~ggcs"r %ha% per- 
~nl$ltiy may k a Iimitirg f a a ~ r  OB the im- 
paa of training, An importatat %pic for 
research is wheher trainins m y  be a s .  
torniz~d ac deal wish individual per- 
mndtits  OP whether some dadMduak may 
simply be %anmenabla to the concepts 
taught, 

Mi%c there is  R mwnsu~ in the 
induty that LOFT is m esenBd meam of 
rcinfofdng the mn@pgS aught in C&' 
-!mmnhg, - semszh  8 ~ 3 %  .&3: .%he pgtta- 
tial of this fool is geldom rea~bed 
(Helmeich, &%!o, Chidester, Wi%he%m, % 
Greg~rich, IW,  %aglmtic~ Cbjdencr, 

, Foushec, Gregoricb, & Wilhc%raa, f 989; 
Htlmreich, Wihclm, & Gregerich, 1988; 
NSA/WT 1990). T3c training 8% LOFT 
Imtmaars is t"requent1y spotty and fails to 

. give them tkc tools needed to evaluate uew 

performance and to provide meaningful 
feedback to participants, The same 
criticism can be leveled at the xlcction and 
tminfng of Check h a  as they are the 
key role models who are ia a psition to 
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Fig. 2. Percentage Ratings of Usefulness 
of the Initial CRM Seminar 

in Two Airlines 
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Fig. 3. Attitudes on the CMAQ 
Command Responsibility Scale 
as a Function of CRM Training 
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enhance or undermine an othenvise good 
training program. Indeed, Check Airmen 
and LOFT Instructors may be the most 
critical element of the "shell" as it in- 
fluences crew p d o m m c e .  

One of the most heralded innova- 
tiom ir, LOFT 1"s the videotaping of crews 
and the use of the tape in debriefing. In 
practice, however, we have found that this 
resource is frequently ignored or undefutil- 
ked. Indeed, crews that perform well sue 
ohem told that since their performance was 

good, there is pl weed to view the tape - 
thus losing a chance to reinforce positive 
behavior. 

We fetl that Check Airmen and 
E O f l  Instructors should both receive for- 
mal training in C%M m d  sk~u ld  also be en- 
thusiastic advocates of its concepts, We 
also believe that they shouad receive spe- 
dal, additional training that focuses on for- 
mal evaluation of crew behavior and tech- 
niques of effective debriefing. Because our 
project utilizes these two groups as apm 
raters to evaluate the impact of training, we 
have become involved in developing a 
model course for Cher k Airmen and LOFT 
 instructor^.^ T h e  t raining ut i l izes  ' 

videotapes of LOIT sessions with crews 
reflecting "good", "bad", and "average" 
manifestation of CRM concepts. Par- 
ticipants practice rating the crews observH 
on multiple elements of communication 
and coordination utilizing the NASAfl 
Line LOFT Worksheet (Helmreich, & 
Wiihelm, 1987), a form developed specifi- 

cally for the evaluation of crew perfor- 
mance. Particular anention is paid to defin- 
ing behavioral marken that denote effective 
or i n e f f e c t i v e  p r a c t i c e  o f  crew 
coordination? Training is also given in 
debriefing techniques and the optimum use 
of video. It is too early to assess the impact 
of this training, but we are optimistic that it 
will enhance h t h  the quality of evaluation- 
data and the acceptance of C M -  

Another critical issue is the design 
of scenarios for LOFT and their integration 
with initial and recurrent training in CRMo 
Our preliminary conclusion is tha t  
scenarios should be developed to exercise 
particular concepts taught in formal train- 
ing and should force crews to interact in 
formulating the solution to a problem 
without a simple "book solution". We find 
that in many mes the goals of scenarios 
are no; clearly specified and leading In- 
structors to modify procedures in accor- 
dance with personal preferences with the 
result that training is highly variable. 
Despite these observed problems, crew- 
members are enthusiastic about LOFT and 
feel that it provides them with vaIuable 
trai ing.  

Synergy. The formal definition of JynergV is 
.."working together" and it has become 

something of a buzzword among those in- 
volved in CRM training. It is used to em- 
phasize the fact that the behavior of a crew 
may reflect more than the sum of in- 
dividual competence and actions. We fee1 



that the concept is critical to the issue of 
performaace: and that it has been relatively 
neglected i n  aviation psyckalogy.' It is ccr- 
taidy axiomatic among aviators that some 
cambinatiom of individuds prQduce GX- 

tremeIy effective teams while others am- 
posed of equally comptrent individuals 
result in arc quite ineffective. Despite this 
ogcrationai awareness, research has failed 
to concentrate on isolating the =uses of 
variations in crew as o p p d  to individual 
performaice. This is the domain in which 
the multiple detersninanes of prformagce 

. intersect. 
Pemmzdiq is oMousIy implicated. 

Jusn LS we have learned that s ~ m g  per- 
eonalicy eonsosllatisns are predic~ive of 
performance, we arc beginning to note $he 
obvious eorol!ary that E~W~II  combinations 
of pessonali~ies result in more tffetxh~ 
tern performance, 

The Environm9pfl is dss involved a 
it has fostered the individualistic tradition 
in aviation which indudes evaluating pilo&, 
primarily on the basis of solo, technical 
proficiency! We are starting te.see a shift 
in both practice and regulation aswards 
greater concern with the crew as a team 

Training is also critical as recogni- 
tion of synergy requires a change in toward 
more group oriented training and the 
development of new techniques for cvalup 
tion. The rapid acctptance of CRM and 
LOFT is a good jndicatian that major 
changes are undcnvay. 

It is ironic that research has lagged 
behind practies in this. Tine study of group 
behavior has been a relatively neglected 
area in psychology, in part tue to the dif- 
ficulty i n  studying suth complex 
phensmcm. :t is our klicf that the grow- 
ing emphais OR V e r a  in aviation will 
digme as a mjar impetus for new research. 
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FLIGHT CREW QU ALIF ICATLON 

by . 

J, Kern 

-0 t40-G AMD -I[ YOU VeRY mrc9. Z ' U  TFI RAVE THIS 

o p e 0 R ~ I T Y  S W  ITJmI YOU EN P r o w  AVIATIOH 

A-STRATIOH'S VlErr OF AIRCREW AUD a[AfmMCE T I W H I W G  P R O C M  

REQU-S- I WISH TD tXPReSS GPAGRATITUDE TO THE 

XNTERHATIONAL C I V I L  h'VIATTOI4 ORGMIZATIM FOR SFOMSORIM6 THIS 

VERY WORT-= *PfllST-OP-A-RIND* SenXHAR ON XUHAN F1CTORS TO, 

THE SOVIET MINISTRY OP CIVIL R V I A T I O H + , m  ACPItlG RS 1 VERY 

GRACIOUS HOST FOR h U  OF US. IT 'IS m E  -YED r n C Y '  WQ Z-lS 

U.S.  fM TO PROElOTE M U  FOSTER THIS KIND OF ?WOimATlOM EXCHMCE 

AT m Y  W S S I B L E  OCULSICIIP. 

IH p 8 6 ~ m u ~  MY THW- IDR ~ I M Y ,  x -rn~ on m rn 
HXFFRENCES M AVIATION TPXNIH6. LIKE KW4Y OTIIER mFESSTOWAL 

AVIATORS, f hH R GRADUATE OP A JlTLlTKRY FLZGHT P I U m P I G  PR-- 

AT THE TIW I n G M  TPMUZlbC, WLLfihRY O R C h U I X ~ I O N I  THROUGHOUT 

m W D W . ~  NOT o w t ~  HM m z  ~n m m a m L a c r c n L  o m t m m  m 
RYIATICIH. BUT liAa M S O  LED THE WAY IH DEYEWFtEW CLP THE TRRINING 

HETHO06 USED TO Q U N Z F Y  AZRCWW m E R S .  THE VHITED SUTES 

WLfTAtlY SERITXCES TRAIWED AML W F X E D  A LAtltE )mRIm OF W!ZW 

P I m  All0 AlRCRAPT m m E S  EacH YEAR. FOR THOSE OF US D m  

~ W G H  m ~ ~ E ~ E I I .  met msm imx asmrzmtx IIISI~TFICAHT RT 

TMOSE QAYS RWD YOTMG AfR- MEMBeaS WEW! aQtE TO PLY eWOltGA TO 

mcom E X P E R T ~ C L P  on me WST I W ) ~  A ~ P L A B L ~  A=. 

xy m C E  W PIWBhsLY HOT HWCH DIFPEaetrr THAN !J!fChT OF O!mm 

Y ~ G  ~IM IN ~ n t e ~  commxs:' m M I ~ I ~ R Y  F W G ~  ~ & k  
IMMLVED UmRm%G r0 FLY U S M  Aim AWD EQUIPP~HT 

HAhlJFACTUKED M D  OZSIGIED XU 1P1 O W  m y .  I I S m c r O R  

TEUWIQUE, TPAIIMG WT6BIALS M0 TMXHIUG El3HOW @ISICE 

S~c1Ff-Y RElATED TO PREPARING V O W 6  ldEH FOR FULL CAREERS I 1  

HXLITARY AVIATION. WHEKEVER OUE OF THESE WEU-TPAf!8ED 

f n D I V I W A f S  DID MOT -UTE A FULL m A R Y  CAREER, THE DCIOR TO 

O P P O R m I T Y  IN CIVIL AVTATIOU UhS IIMEDULTELY OPEHED. TKE 

A I R L I N E S  AND BUSTMESS hVI1ITIOH HAD, FOR A m I O D  OF f S  YeARS. A 

SEEMINGLY H N D m S  SUPPLY OF UELL-EDUChTED, MItIILY 'IXkYNED AIRCREW 

l ~ n s e ~ ~ i  wo w u r r c e ~  ONLY a MINIHUH OF -ION mmfm TO FLY 
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EDUCATION AND TRAINING AS PROFESSIONAL PILGTS OR MECHANICS. 

THEREFORE, WE HAD NO HISTORIC STRATEGY TO DEAL WITH THE POTENTIAL 
OF A CREWEMBER AND KECHANIC SHORTAGE. IN OTHER PARTS OF THE 

WORLD, ENGLAND, GERMANY, JAPAN, AND OTHERS THIS SELECTION PROCESS 

HAS BEEN ONGOING FOR SOME TIME. THE U.S. WILL BE SEEKING TO 

BUILD UPON THEIR ALREADY VAST EXPERIENCE. ONCE WE ACMOWLEDGED 

THE PROBLFM, WE HAD TO SEEK MEANINGFUL ALTERNATIVE SOLUTIONS. IT 

WOULD BE NICE TO TELL YOU WE HAVE BEEN SUCCESSNL AND HAVE A 

SINGLE SIMPLE, SOLUTION THAT WILL FIT ALL NEEDS. THAT IS NOT THE 

CASE. THE AIRCREW QUALIFICATION ISSUE WILL REQUIRE INVESTIGATING 

HVLTIPLE SOLUTIONS AS THEY ARE DEVELOPED WITHIN THE INTERNATIONAL 

AVIATION CDKIWNITY. IN THE UNITED STATES, WE HAVE INITIATED 

SEVERAL REGULATORY CHANGES WHICH WE BELIEVE WILL PREPARE US TO 

TRAIN CIVIL AIRCREWS AND MECHANICS IN RESPONSE TO THE NEEDS OF 

ME INTERNATIONAL AIR TRANSPORTATION INDUSTRY DURING THE 19901s 

AND BEYOND. WE HAVE BEGUN A PROCPS OF ANALYZING THE JOBS PILOTS 

AND IECHANICS DO. TIIIS PROCESS IS CALLED JOB, TASK ANALYSIS OR 

JTA. THESE ANALYSES APJ CONWCTED M DETEWINE WEaT 'GASX.5 ARE 

w PROVIDE THE IWOWLEDGE, SKILLS, AND AP)II.ITIES AND OTHER 

A-~-TRIBUTES NECESSARY TO DO THOSE SPECIFIC TASKS. THIS TYPE OF 

ANALYSIS WILL PROVIDE THE BASIS FOR A DYNAMIC PROCESS OF 

IDENTIFYING NEEDED CHANGE IN REGULATIONS DEALING WITH AIRCREW AND 

MECHANIC QUALIFICATIONS. 

WE HAVE BEGUN WORK TO ASSIST SEVERAL UNIVERSITIES IN DEVELOPING A 

PARTNERSHIP WITH THE AVIATION INDUSTRY (INCLUDING THE AIRLINES) 

WHICH RESULT IN THE AVAILABILITY OF PROFESSIONAL AIRPZRNSHIP 
CURRICUULE, WHICH ARE SPECIFICALLY INTENDED TO PROVIDE NLLY 

QUALIFIED GROUND AND AIRCREWS FOR THE INTERNATIONAL AIR 

TRANSPORTATION INDUSTRY. THIS EFFORT REQUIRES PROVIDING BOTH 

TECHNICAL AND FINANCIAL ASSISTANCE FOR UNIVERSITIES SO THAT THEY 

MAY DEVELOP THESE'PROGRAMS IN TINE TO BE PART OF AN EFFECTIVE 

STRATEGY IN AIRCREW TRAINING. IN THE UNITED STATES, WE HAVE 

ESTABLISHED A MWIS OF BETTER COMMUNICATION WITH TKE AVIATION 

INDUSTRY BY MEANS OF A JOINT INDUSTRY/GOmNT TASK FORCE ON 

AIRCREW PERFORMANCE. THIS TASK FORCE BECAME SOMEWHAT MORE 

INTERNATIONAL IN COMPLEXION THAN WE FIRST ENVISIONED AS AIRCRAFT ' 

AND SIMULATOR MANUFACTURERS FROM MANY NATIONS BEGAN TO 

PARTICIPATE IN DEVELOPING RECOMMENDATIONS TO IMPROVE THE 

UNITED STATES WDERAL AVIATION REGULATIONS AND ASSOCIATED 

AVIATION ADVISORY WCIJ'I'ENTS. THI? TASK FORCE HAS MADE 

RECOPIMENDATIONS TO THE FEDERAL AVIATION ADMINISTRATION WHICH HAVE 

RESULTED IN A LONG LIST OF ONGOING AND PLANNED ACTIONS WHICH WILL 

IMPROVE AIRCREW TRAINING AND QUALIFICATION STANDARDS. THE 

PRINCIPAL RECOMMENDATIONS CRN BE CLASSIFIED IN THREE W O R  AREAS. 

FIRST IS RECOGNITION OF THE IMPORTANCE OF COCKPIT RESOURCE 

MANAGEMENT TRAINING AS AN INTEGIW. PAkT OF ALL AVIATION RELATED 

TRAINING. COCKPIT RESOURCE MANAGEMENT EMPHASIZES DEVEMPING 

POSITIVE INTERPERSONAL RELATIONSHIPS, INDIVIDUAL SITUATIONAL 

AWAFSNESS, AND THE APPLICATION OF TEAM PROBLEM SOWTION METHODS. 

RESOURCE MANAGEMENT ADVISORY CIRCULAR. W O  IN DEVELOPMENT IS A 

REVISED ADVISORY CIRCULAR WHICH PROVIDES FOR WIDER USE OF LINE 

ORIENTED FLIGHT TRAINING AND ANOTHER ADVISORY CIRCULAR WHICH 

ENABLES GREATER USE OF ADVANCED FLIGHT TRAINING DEVICES. THE 

EXPANDED USE OF LINE-ORIENTED SIMULXTIONS IN A WIDER RRNGE OF 

FLIGHT TRAINING MEDIA WILL PROVIDE ADDITIONAL OPPORTUNITIES FOP. 

PRACTICE AND EVALUATION OF BOTH INDIVIDUAL AND TEAM SKILLS IN 

~ L I S T I C  TRAINING SCENARIOS. ADDITIONALLY, STEPS ARE BEING 

TAKEN TO LOOK AT ALL OTHER DISCIPLINES RELATED TO THE AVIATION 

FIELD, SUCH AS, MAINTENANCE, AIR TRAFFIC AND SECURITY. 

SECOND IS RECOGNITION OF NEED FOR REGULATORY INITIATIVES TO 

UPDATE REQUIREMENTS IN VIEW OF TECHNOLOGICAL DEVELOPMENT IN 

AIRCRAFT OPERATIONS AND ADVANCES IN TRAINING KETHODOLOGY. THE 

RECOMXENDED REGUIATORY CHANGES INCLUDE: 

0 ESTABLISHING A REQUIREMENT FOR COCKPIT RESOURCE 

MANAGEMENT TRAINING FOR ALL AIRLINE FLIGHT CREWMEMBERS 

o REQUIRING COMMUTER AIR CARRIERS THAT USE SMALL AIRPLANES 

TO COMPLY WITH PART 121 AIR CAPRIER TRAINING.AN0 QUALIFICATION 
. . 

STANDARDS 

o UPDATING FLIGHTCREW REGULATIONS TO ACCOMMODATE ADVANCED 

TECHNOLOGY AIRCRAFT 

o PROVIDING FOR INCREASED USE OF COMMERCIAL "TRAINING 

CENTERS" AND MANUFACTURERS "TRAINING CENTEPS." THIS ACTION IS OF 

SPECIAL IMPORTANCE TO SMALLER AIRLINES. IN MANY CASES THESE 

SMALL OPERATORS CANNOT ECONOHICALLY JUSTIFY SOLE OWNERSHIP OF 

ADVANCED FLIGHT TRAINING DEVICES AND FLIGHT STMULATORS. IN 

ADDITION THESE "TRAINING CENTERS" CAN PROVIDE FOR SPECIALIZED 

CURRICULUM DEVELOPMENT AND SUPPORT ACTIVITIES WHICH MANY SMALLER 

OPERATORS CANNOT PROVIDE FOR THEMSELVES DUE TO THE LIMITED SIZE 

AND DEPTH OF THEIR WORK FORCE. IN THE UNITED STATES, REGULATIONS 

AND SUPPORTING GUIDANCE DO NOT CLEARLY ADDRESS THE CAPACITY IN 

WHICH "TRAINING CENTERS" MAY FUNCTION HOST EFFICIENTLY. IN MOST 

CASES, TRAINING CENTERS MUST SUBMIT TO A LENGTHY APPROVAL PROCESS 

FOR EACH PROGRAM THEY INTEND TO CONDUCT. THERE IS NO CLEARLY 

STATED NATIONAL STANDARD FOR APPROVAL OF TRAINING CENTER 

PROGRI\MS. REGULATORY CHANGES WHICH HAVE BEEN RECOMMENDED 

INCLUDE: 

- DEFINITION OF TRAINING CENTERS 

- ESTABLISHING THE PHYSICAL REQUIREMENTS OF TRAINING 

CENTERS (SIZE, EQUIPMENT, FACILITIES, NUMBER OF EMPLOYEES, AND SO 

FORTH. ) 

- PROVIDING FOR THE CERTIFICATION OF TRAINING CENTERS 

- METHODS FOR APPROVAL OF TRAINING CENTER TRAINING PROGRAlS 

- DETERMINED QUALIFICATION STANDARDS FOR TRAINING CENTER 

INSTRUCTORS AND CHECK AIRMEN 

- DEVELOPMENT OF "CORE" TRAINING PROGRAMS 

- ESTABLISHING RECORDKEEPING REQUIREMENTS 

- DETERMINING FAA OVERSIGHT OF TRAINING CENTERS 

o UPDATING AVIATION MECHANICS TRAINING AND QUALIFICATIONS 

REQUIREMENTS 

WE HAVE DEVELOPED A NEW, AND SOON TO BE PUBLISHED, COCKPIT 
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Human Factors Considerations for aircraft 
Habntenance and Inspection Per.sonnel 

w i k l i a n  T. shepherd, Ph.D. 
Hanager, Biomedical and Behavioral Sciences Branch 
Federal Aviation Administration 
.Washington, DC 28591 U.S.A. 

Safety i n  a ir  travel is cr i t i ca l l y  dependent an the performance of personnel 

assigned t o  inspect and repair aircraft. P a i l u s e ' t o  correctly detect and 
0 

repair a i r c r a f t  malfunctions has Icd t o  catastrophic air  carrier accidents. 

It i s  imperative that  maintenance 'and inspection personnel have the training 

and motivation needed t o  perf erm their work optimally, but it is equally 

important that  management groups rceegnite the limits inherent in task 

performance by the f a l l i b l e  bunan operator. Hanagements need t o  provide 

necessary support i n  the way of specialized training, equipment, job aides and 

working condt t i~as .  It i s  iwagprogriate t o  blame the techhician for  fai lure 

t o  detest exfoliation corrosion inside a Iaadiwq gear bay i f  he is required to 

perform this task outdoors, on a winter oighk and bas never received training 

on the appearance of this  form of corrosion, Sometimes, inspectors are 

required t o  inspect row upon HOW of rivets for hours us ing  archaic equipment.. 

Hany inspection methods currently accepted do not account for human sensory 

capabilities and kboun decrements in vigilance over time. Some technicians 

are. burdened with physical problems such as abesity ar poor eyesight which 

limit the i r  access t o  cramped work areas or prevent them from seeing small 

defects. 

Of ten, technicians spend considerable time in airframe and powerplant (A&P) 

schools training on dope and fabric and piston engine repairs but learn 

nothing adout the electronic fuel managenent systems or  fly-by-wire control  

systems -they must inspect and repair in the i r  jobs. 



The scenarios described above are not so extreme as to be unrealistic. 

Conceptually similar situations occur regularly. Recent accidents and 

incidents in U.S. air carrier operations have resulted from deficiencies in 

the inspection servicing and maintenance of aircraft. These events, while few 

in number, have prompted a closer look at the work of the specialists who must 

assure the airworthiness and safety of equipment. 

It is perhaps surprising to learn that very little study has been accomplished 

on factors related to the performance of civil aviation maintenance 

technicians. FOP years, our attention in the aviation human factors community 

has been riveted on pilot and air traffic controller performance with scant 

attention paid to other specialists. The aviation technician has often been 

the forgotten person on the team charged with safe air transportation. This 

may be partly due to perceptions we have of various aviation personnel that 

developed from military aviation. Hilitary pilots are usually officers and 

accorded the respect due their rank. Technicians are typically enlisted 

persons with proportionately reduced status. This personnel value system has 

found its way into civil aviation. Ci-vil pilots usually wear officer - like 

untforms and are accorded titles like "captain". Technicians are often still 

thought of as the cbverall-clad "grease monkeys" of earlier times. These 

attitudes may be expressed by a relative lack of concern for the training, 

equipment and working conditions for the aircraft maintenance technician. 

Recent safety-related events, the inexorable increase in complexity of 

aviation systems and other factors suggest a change in our perceptions may be 

appropriate. 

The maintenance and inspection specialists of tomorrow will necessarily be 

different than today for many reasons, not the least of which is that fully 



60% of the current U.S. a i r  carrier maintenance work force is expected to 

retire with in  the next 10 years. A t  the s m e  time t h i s  is happening, the 

complexity of aircraft  and their systems is increasing dramatically. The 

requirement t o  diagnose and service new, complex systems will be superimposed 

on traditional activities such as inspection and repair of riveted sheet 

metal. The knowledge and skills required may suggest the need f o r  increased 

spec ia l iaa t  ion in the  ranks of the tecbaicians. 

Some administrations require certif isatiow of now-des tructive inspection (NDI) 

special ists  now because sf the c r i t i c a l  nature of the task and the depth of 

knowledge reQuired. The. HBI c e r t i f i e a t  i on  requirement and perhaps other 

skills may become more widespread i n  t he  future. Servicing 06 electronic 

systems f ~ r  example may require a l e v e l  sf specialized t r a i n i n g  rivaling that 

for electronic engineering technicians. 

There are some who fee l  that  t h e  tasks of aiscsad t maintenance and inspection 

w i l l  be so heavily backed up by automated diagnostic equipment that the . 

technicians will need only t o  remove and replace components, 

This is almost cer ta in ly  an oversimplifieatisn and d g b t  be compared t o  the 

notion t h a t  a surgeon' performing heart transplants  is a similar "remove and 

replace" technician. Clearly, maintenance specialists will need t o  know a 

great deal  about system theory and must possess considerable a b i l i t y  t o  

discriminate among malfunction symptoms to determine even where to begin i n  

the search f o r  problems. 

Ability t o  conduct t e s t s  and interpret results using specialized autdmated 

diagnostic equipment will be v i t a l ;  Some electronic systems are so sensitive 

f o r  example, that the misapplication of voltmeter leads can cause thousands of 

dollars of damage. 
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If anything the role of the maintenance and inspection technician is becoming 

more, rather than less, critical. Human Factors scientists must identify and 

study the areas where there are apparent knowledge deficiencies and specify 

remedial actions to foster optimal performance of these specialists. The 

Federal Aviation Administration has embarked on a program of study to seek 

information in these areas. The plan is to provide details on what might be 

termed "best" or "better" practices to be applied by people who design, 

manufacture and maintain aircraft, for those who train maintenance and 

inspection personnel and for those government specialists whose role is to 

oversee the actions of these other groups. At the same time, we plan to 

describe certain "worst" practices to be avoided by these people. We want to 

synthesize knowledge from other industries such as the nuclear power 

generation industry and non-aviation manufacturing enterprises, and apply this 

already existing knowledge base to the aviation maintenance and inspection 

ease where appropriate. 

The plan will result in research on topics where there are knowledge gaps. 

The current work plan calls for study in eight topical areas. These eight 

. ---informatio'n streams will be blended to produce compendiums which may take the 

form of reference manuals, video tapes, prototype computer-based instruction 

modules, and similar types of media. The intention is to make the information 

as usable as possible to the various groups who may benefit.from its . 
application. 

The eight study topics are as follows: 

.I. Task Analysis: Before e~barking on other research topics it is 

imperative that a comprehensive understanding of the current 



activities of maintenance and inspect ion personnel be obtained. 

This will form the, basis for recommended changes i n  all other 

related areas such as design and 'training. Task analyses consist 

- of careful  study, observation, and identification of component and 

sub-tasks of larger task  u n i t s .  Included will be identification 

of cr i t ica l  task elements and associated condi t ions  which are 

sensitive and likely t o  contribute ta  er ror  'in maintenance .and 

inspection processes. 

2. Analysis and clas.sification of &urnan Error: This work w i l l  

specifically examine error in aircraft maintenance and inspectian, 

and will complement the task analyses. Ruman error can be related 

t o  a number of factors such as knowledge, a t t i tudes  and kork 

candi t ions .  

A hierarchy of error-related factors f o r  certain well-defined 

tasks will be obtained from on-site study. Observation of tasks 

and debriefing5 with involved personnel such as trainers, 

mechanics, and managers w i l l  be conducted to isolate error 

sources. - 

3 .  Traininu Research: Currently, a great deal  of training in the * 

maintenance and inspection of aircraft is conducted on an OJT 

basis. New technology t r a i n i n g  systems such as intelligent . 

tutoring systems, and computer - based instruction w i l l  be s tudied  

and fur ther  developed where appropriate for use in aircraft  

maintenance. The goal is-to increase training effectiveness so 

that  a consequent reduction in work error i s  achieved. More will 

be said about advanced training systens la ter  in t h i s  paper, 



4. Job-Task and Work Environment Research: An inspector's job is 

frequently performed under' time pressure, yet the speed/accuracy 

trade-off is known to be strong. At the least this can lead to job 

stress; at worst, to reduced performance. Both stress and 

performance need to be evaluated under different levels of time 

pressure. Other important job factors will be evaluated in this 

project, including work site access, lighting, noise and ambient 

temperature in order to provide a better understanding of how they 

influence work performance. 

-5. Equipment Design Research: Existing test equipment, including 

non-destructive inspection (MDI) equipment frequently shows Pack 

of human factors engineering in its design. It is necessary that 

equipment be designed and used with recognition of human 

capabilities and limitations. Work performed under this project 

will examine existing and planned equipment for adherence to human 

engineering design principles. 

These principles will be refined and specified for the aircraft 

maintenance case. Results from this work will include guidance 

far equipment designers and operators. 

6. Information Exchanae/Communication: There are several 

communication areas in aviation maintenance that should be studied 

for possible application of new technologies. Haintenance manuals 

and similar procedural documents such as work cards may be 

improved by use of computer-based methods. Also, methods of 

information exchange among key organizations, such as 

manufacturers and air carriers, may benefit from use of formal, 

well-defined communication channels. Existing procedures will be 

studied and recommendations for modification will be made. Use of 
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standardized and simplified ~ocabularies will be investigated for 

the i r  contribution to '  safety,  as well as means foe expediti,ng 

needed eommuniea tions . . . 

7, Job  Performance Aids: This work will evaluate existing and 

planned devices and systems in us@ elsewhere for application t o  

the  diagnosis, inspectian and maintenance of c i v i l  a i r c r a f t .  

The U.5, Air Force is developing a computer-based system known as 

the Integrated Haintenanee I n f  armation System (Mf S) , lir%rawe 

mawufafturers are proposing on-board systems to diagnose and, 

report system malfunctions. 

Same of these systems will provide instructions t o  the technician 

on l i k e l y  f a u l t  soureas and d e t a i l s  on repair procedures ineEudSaq 
0 

graphical d i s p l a y s ,  personnel specialties required t o  make repairs 

and repair part numbers. Other industries use such a i d s  as 

specialized visual scanning devices, and bar-ceded part marking t o  

assure proper identification and t o  h e l p  w i t h  diagnostic 

procedures, Current research will identify these systems and 

recommend their adaptation and use where appropriate, 

8 .  Handbook Development: The final task of the FAA research program 

on human factors will be t o  develop the handbooks and other 

information sources which are products from other tasks. I n  

addition, information will be gleaned from other sources and 

adapted t o  the specific case of aircraft  maintenance and 

inspection. Such sources may inc lude  publ icat ions-and procedures 

from the nuclear pawer industry and methods used By other 



industries to produce technical publications. The intention is to 

provide a central source of human factors information that will be 

useful to a wide user group in t$e performance of their official 

duties. This group will include manufacturers, maintenance 

managers, equipment designers, and government regulatory 

specialists. 

In addition to handbook or printed media, the research program may 

provide information in the form of video tape tutorials, or 

software for intelligent tutoring systems described under task 

number 3. These latter systems incorporate new training 

technology described in the following paragraphs. 

. 
New Training Technoloov for Aircraft Maintenance and Inspection Personnel . 

New training technology for aircraft maintenance and inspection may be defined 

as training requiring the use of computers and specialized software. This can 

include computer-based instruction (CBI), interactive video disc (IVD), 

computer-controlled simulators (CCSIH), computer controlled real equipment 

(CCRE), and computer-based testing (CBT). CBI has been in use since the early 

1960's and was an outgrowth of the programmed learning materials methodology 

of the 1950's. 

Training technology has advanced considerably in the two decades since the 

advent of CBI, but to date, little of this available sophisticated training 

has been provided to the aviation maintenance technician. Most aircraft 

maintenance training organizations are heavily involved in solving daily 

training crises related to aging fleet problems leaving them little time to 

learn about new training technology. Also, maintenance training has 



historically been very t r a d i t i o n a l ,  emphasiz ing stand-up lecture and OJT 

methods. However, part of the F A A "  research program will be devoted to the 

development and validation of a computer-based intelligent tutoring system 

(ITS) for a typical air carrier maintenance task. 

The task selected will necessarily be a non-trivial one; one that involves a 

complex ana lys i s /d iagws i s / sepa ir  sequence. The purpose of this work is t o  

demonstrate improvements in training effectiveness, with consequent safety 

Figure 1 aegicts the components of an ITS, In ITS must contain, a t  a minimum, 

a knowledge base about the domain, a means to assess student knokledge about 

the domain and a means to structure instruction by comparing student knowledge 

to the system's knowledge. Intelligent tutoring systems differ from 

traditional CBX primarily through incorporation o f  models of experts, 

instructors and individual students. En an I T S ,  the student interacts with 

the instructional environment through the interface. The student is able t o  

query the systems as nekl as provide answers and other input. The instructor 

model compares current and part s t u d e n t  actions wi th  the expert model and 

provides remediation and subsequent instruction accordingly, 

ITS'S embody Art if icial Intelligence I A I I  concepts to provide more user- . 
3 

sensitive t r a i n i n g  than previous C B I  systems. CBI systems may only signal a 

carrect or incorrect choice by a student without providing instruction or 

carrection of s t u d e n t  errors. Students don't alnays learn or err in a 

consistent and predictable manner. ITS'S must be capable of adapting 

instruction to interact with a variety of student capabilities., An ITS must 

be a b l e  t o  monitor student actions,  infer student intent ,  assess knonledge 



states and adjust the sequence of instruction. Several ITS'S have been 

developed for maintenance applications in other areas, included military 

systems. 

The challenge in the FAA's research program will be to develop a prototype ITS 

for an aircraft maintenance task that is clearly more effective than 

traditional training methods. This will require comparing task performance of 

groups of test subjects who have been trained using different methods, one of 

which will be the ITS for the.selected task. Other factors must also be 

accounted for such as cost of training as weighed against the benefit of more 

effective training. It will be imperative to bring subject matter experts as 

well as potential users into this development process. Currently, computer 

scientists cognitive psychologists and educational technologists play the most 

prominent roles in ITS development. This project will involve currently 

active technicians, instructional development specialists, and engineering 

skills. The involvement of these personnel will insure that the ITS will be 

aligned with the real training needs of maintenance organizations. 

The FAA research for development of an aircraft maintenance ITS is divided 

into three phases. An assessment of the current status of training technology 

for maintenance technicians will be conducted during the first phase. This 

will be accomp1,ished through a series of interviews and evaluations with 

manufacturers, airlines, repair stations and training schools. Also during 

this first phase, a preliminary ITS will be developed that can be used as a 

concept demonstration. 

This initial ITS can also be used to help develop the specifications for a 

fully operational ITS. This later ITS'will be developed in the second phase 

in cooperation with a school, airline or manufacturer identified during the 

first phase. 



The third phase will be devoted to evaluation of this I T S .  It is planned that 

the system will be appl ied  in a training program a t  a school, manufacturer, or 

airline.. It is expected that the ITS  approach will be shown to  be more 

effective and efficient than conventional training. Therefore, maintenance 

orgznizations w i l l  be more l ike ly  to adopt the ITS technology without 

regulatory impetus from the FAR. 

Conclusion 

The research program described in this paper is an ambitious one, designed t o  

e l i c i t  information and knowledge where currently, large gaps e x i s t .  The FAA 

anticipates that the products of this program w i l l  lead t o ,  perhaps ' . 

intangible, but rea l  benefits i n  terms of improved aviat ion,  s a f e t y .  
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Abstract 

The increasing enthusiasm for Cockpit Resource Management (CRM) interventions in post 
qualification flight training can be interpreted as an interactive effect of changed modern aircraft 
technology and an increased recognition that variance in human performance is the single most 
important predictor of safe and effective aircraft operations. Traditionally, flight training has been 
seen primarily as the acquisition of aircraft manipulation and navigational skills. More recently, to, 
these ab inifio requirements have been added a constellation of essentially attitudinal skills translating 
into decision-making, leading and communicating strategies. In an on-going programme (HURDA 
- Human Resource Development in Aviation) concerned with the identification of hierarchically 
arranged generic constructs of pilot competency, patterns of process abilities are being identified 
as predictors of flight crew performance management (FCPM). Further, these abilities are being 
postulated as competency requirements for inclusion in licensing and training prescriptions from ab 

' 

inifio to airline operations. 

Introduction 

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 good. A comparison of New Zealand safety levels with 
those overseas is made difficuit by the lack of standardization of definitions (Swedavia-McGregor, 
1988). However, an analysis of New Zealand accident statistics for the period 1980 to 1986 show that 
of a total of 502 reported accidents, 130 could be reasonably ascribed to some type of machine failure 
(engine failure-malfunction, undercarriage collapse, etc.), with the remaining 74 percent primarily 
due to pilot error (principally overshooting and loss of control in flight). ~ l t h o u g h  design safety 
standards for aircraft are very high (1000 million flight hours per catastrophic accident for each 
catastrophic system failure condition and 10 million flight hours per catastrophic accident taking into 
account the combined effect of all system failure conditions), a comparable level of stringency for 
human effectiveness is still far from being realized. 

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 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 percent to acts of terrorism 
of one kind or another, 6 percent to maintenance defects and only about 3 percent to structural 
failures. 

Human Factor research in aviation has had as its focus the reduction and elimination of accidents 
which originate through inappropriate human interfacing with hardware and software resources. 
However, as Besco (1989) observes the analytical and diagnostic techniques available for studying 
the breakdown of this interface have as yet produced little significant reductions to pilot induced 



accidents. Bur until the constructs of effective pilot ability are available, the "ambulance at the 
bottom of the cliff '  approach to defining aviation human lacton may not provide the  preventative 
prescription the industry 30 clearly needs. Thus, a shirt in emphasis from dsscrigtive procedures to 
prescriptive processes in defining abilities may prove m be a more fruitful field for research and 
[or the development of 'more competent flight crew. 

The Analysis of Human Competence 

The most common way of defining pilot competency for flight instruction pu@ses has been to 
anecdotally construct behsvioural descriptions of aspects or flight and tben break these down into 
their constituent elements for learning. The genwis of this type of approach has been the time and 
motion studies of scientilie management which were wed to maxirnise throughput in highly 
sequenced factory production lines. While this method provided descriptions oh those tasks which 
were appropriate in achieving a particular goal. it did nor provide prescriptive information on what 
knowledge and skills Pormed the basis of competency, nos how the competency might be devefoped. 

Ta this end, thtro has been a shirt in emphasis.from the mere location OF tasks to an analysis of the 
content of  the tasks themselves. This ha5 been stimulated by the work of Gagnd (1910) and others 
'in identifying learning outcomes in terms or their sequential and prexriptive properties. In this 
approach, the attainment of problem solving expertise is predicated on the acquisition of pre- 
requisite discriminations. concepts and rules in an essentially hierarchical progression. Further 
eiabontors saw a differentiation of rules into '3sfuctures" and "professes" (Williams. 1937) and 
incieased emphasis on "informntion" as the focus lor anarysk (Home, 1973). But these advances 
into information mapping systems s t i l l  did not provide the tools for concepmalizing the nature of 
the competency itself. 

I n  more recent times information processing approashes have beem used m identify the dyn?mic 
processes underlying nhe capacity to perrorm nxpcrtfy in multi-tasking situations. These processes 
when viewed aver time and across contexts reveal the presence of generic ~ccomplishments. The 
work of Glaser (1984) and others have begun lo show that highly developed competence in a defined 
area i s  the paduct  of she inter-play between knowledge structures and processing abilities. From 
such studies conclusions are being drawn as to the differences between "expert" performers and 
"poor"' performers. Littte evidence suggests that these ditrerences are inherently based nor 
immutable to training. Rather. the findings suggest that: 

"relatio~rs between the structure oJ a knowledge base and problem- 
~olv ing processes are mediated through the quatit y of representation of 
the problem. This grubtern represe!rrorion is corrsrrucied by the solver 
on the basis o/ dwnairr - relafed browledge end the orgarti ration 01 this 
knowledge. Thc Nature of this organi:ariotr determbtes the quality. 
completeness. a18d tohcrerlce of the irirernal rrpreseirfation. which in 
turn determines the efficiency of jurthw thitiking. The represenration 
of the problem consists esscnrialiy of the solver's inrerpreroiion or 
widerstar~ding 01 it ,  mtd greatly ddermines how easy it i s  to sol~e." 
(Gagt~C and Glaxer. 1997, pp 68-69.) 

The implication for human factors research in aviation and its application tcr cockpit resource 
management, is that the nature of effective single and multi-crew performance might rest on the 
ability of flight crew to interrogate and process cognitive and aflective inlorination within the 
context of situational demands. For this hypothesis to be testcd and further developed8 map o f  pilot 
competency must be established from which individual performance constructf and context 
applications can be generated. The remainder or this paper describes the results of this elfort to 
date. 

The Knowiedge-Process Hierarchy Model 

Analyses of requisite pitot performance have traditionally been derived from observations of flying 
skills and knowledge of flight rules and procedure$. When these dimensions have been translated into 
predictive indices, no mare than about 25 percent of the variance of performance at advanced siages 
of competency have been accounted.(Roscoe and North, 1980). However, as these researchers 
describe, despite the prediction problem, flight crew are able to identify "abilities" such as being 
able to quickly estimate probable outcomes for different courses oTaE'rion, or mending to resolving 
an emergency without losing control of the on going routine procedures. The trick in developing a 
map of pitot competency is to be able to relate these types o f  requisite abilities tocontext applic3tions. 
For instance, consider the abilities involved in execuring a landing. Two are criticak 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 interaction of ability to cantexr 
might be provided in an instruction to a trainee pi101 such as: 

"You will recogai:e the flare height when therwr~vuv appears tocxpand 
rapidly outwards. Use this view os the cue (or assessing !he rnomenl 
ar which you treed to flare." 

In this example, the identification of each "process ability" assumes that there is a larger, more 
integrative ability from which i t  has been derived. In the knowiedge-process hierarchy model of 
pitot competency, this assumption is declared in  a three-level hirmrchy o f  incressingry general 
capacities to process knowledse. This method developed by Hunt (1986) pravides a procedure for 
mapping abilities and their underlying processes in defining human competencies. 

Figure 1 Knowledge - Processes Hierarchy (Hunt, 1986) 

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 ctaim their validity on the degree to which 
all participants in a particular area of human endeavour can agree on their value and usefulness in 
providing direction and purpose, in civil aviation an acceptable mission for flighr crew comperency' 
might be to "operate aircraft sa/eI+v. e,!jectiwty and e//icierrty." Ezch of these adverbial exhort3tions 
provide a means for establishing the conditions and standards lrom which individual, nztional and 
international performance criteria can be explicated and translated into regulatory flight crew 
standards. 

The level beneath the mission provides individual elabor3rions of  the g o d s  direcrivcs. These 
eiabontions or accompiishmt~rrs are the broad functional capabilities which contr~bute to personal 
expertise. Each accomplishmenr is the synthesis of one or two generic knowledge bases which are 
stored i n  and retrieved from Iong-term memory. Flight crew accomplishments include command, 
aircraft perjormance maitagemeitt, oircrafr s j *s tmls  managsmenr and navignrrun mnnngemenr. 

Each accomplishment i s  in turn deFined by two or more performances. The performance defines 
the prwedural knowledge (knowing how) that is required in the execution of the 3ccornplishment. 
One performance (for example niakitrg ill-flight adjusinter~rs) may with other performances provide 
the particular characteristic o f  a given accornp!ishment (say, aircra/r perjormu~lce mariagenreni). and 
in a difrerent combination of performances provide [he conslrucr for another accomplishmenr (for 
example, navigarron marra~arnntr). 



The base of the hierarchy is provided by the process ubiliries which derine each o f  their superordinate 
performances. Process abilities may have both cognirive and affective apptications. For example, 
in tbe accomplishment of comntmld and one of its performances, crew irlrrracring, cognitive abilities 
are inctuded in  asses~ing, decisiotl-rnnkirig and ntonitori~~g, and affective abilities in lend~ttg and 
lisrenbrg. 

A hlap of Pilot Carnpefency 

One of the subcomponents o f  the Human Resource Development in Aviation (HURDA) programme 
is a project to provide a map or professional pitot competencies. A sample o f  over I20 professional 
pilots (that is. pilots qualified wirh a t  leas1 a Cornmerci31 Pilot's Licence (CPL) and Basic Fl ight 
Instructor Rating (C C~tegory)  had been surveyed via interviews and an abilities-based needs 
assessment questionnaire for their percept ion of the desirable abiti ty attributes for pilot performance. 
From a mission statement which Found more than 75 percent o f  the sample agreeing to a goal which 
explicated a sn/e. e//ective 011d e//ic~ctrt syfr~m for operalttq aircmft a canonical discriminant 
analysis generated six statistically significant accomplishmena (table I). 

Table 1 

Discriminant Analysis or 
the hlost'Signiric3n t Pilot Accomplishments 

Rccdnrplishmett~ IViJkS Lanfbda Chr-Squared DF Sig.  Level 

Command .4882 . 457.43 40 0.00 p.01 
Performance Manageman t .5016 440.18 40 0.00 ps.01 
Systems Management .46 12 493.8 1 40 0.00 pc.0 I 
Navigation Management -3272 7 12.68 40 0.00 p<.O t 
Flight Operations .7475 185.49 40 0.N p*.OI 
Flight Standzrds .6193 305.70 413 0.00 pc.01 

The resulrs of the analysis revealed two clusters o l  accomplishments (figure 2). The First related to 
the pilot's operational rnanagcment of the aircraft md its systems. These accomplishments together 

are described ar "piloting accompIishmentr." The second cluster prescribe the pilot's relatiomhip , 
to the types o f  operational requirements (air transport, aerial work, etc..) and flight standards 
(regulatory and organiz3tional requirements) which impact upon flight crew procedures. These are 
described as the pilot's "environmental accomplishments." 

Figure 2. 

FLIGHT OPERATIONS 

FLIGHT STANDARDS 

NAVIGATiON MANAGEMEN 
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In the piloting accomplishments bath aircraft performlnce management (APM)and aircraft systems 
management (ASM) have a similar magnitude - in  perceived importance. APM is defined 3s the 
accomptished abil i ty to safely and productively control the flight profile o f  the aircnft under Visual 
and Instrument Flight Rules (VFR and IFR) from "take off'' to "tanding." I t  embraces all the 
capacities a flight crew must engage i n  order to operate and controt an aircraft through the 
performance modes o r  wke oli, 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 at1 environmental and performance conditions including the fl ight crew abil i ty to recognize 
abnormal aircraft system performance, identify malfunctions and arrive at solutions to remediate the 
conditions. 

The third piloting acmrnplishrnent is navigation management. This accomplishment i s  defined as the 
dynamic process oC systematically determining the position or an a i r cn f t  i n  f l ight i n  legally def i led 
operating conditions and taking i t  safely and productively i n  those conditions f rom a given POSltIOn 
to the desired destination. . 

The final pilotinp accomplishment is command. While there ore legal role cahnotations embedded 
within this accomplishment For analytical purposes tbis critical piloting outcome is derined as being 
the capability to manage interpersonal relationships w i  tb inter system relationships (aircraft crews. 
passengers, and air tn f i ie ,  w i th  aircraft systems and performance requirements) i n  order to achieve 
the agerational goal af a Flight. I t  p a y  include the exercise o f  formal. legal power Pnd authority 
over other crew members and passengers, but also includes the responsibilities of a First Orricer 
(whether that off icer be i n  a "Pilot f ly ing" or "Pilot Nor Flying" status. I t  i s  wirhin this 
accomplishment, but not exclusively related to it, that much or the focus o f  "cockpit resource 
rnanagemenr" (CRM) takes place. Thus, i t  is this accomplishment which is elaborated further In 
order to reveal the genesis of  CRM type abilities. 

Flight Crew Performance Management 

Effective flight crew performance has been deFined by Chidester and Foushee (1989) 3s a jainr 
product of the piloting skills, attitudes and personality thancteristics o f  team members. AS Jensen 
and Biegalski (1989) and others have suggested i t  is to the f irst component of this definit ion that 
much of the effort i n  training has been historically expended. Only in more recent times, and, 
especially since the airliner coltision at Tenerife in t 977, have attitudinat and personality 
characteristics received much atrenrion fo r  rn in ing purposes. The focus o f  this attention has been 
to enhance the problem-solving and decision-making strategies o f  crews in  normal and abnormal 
operating situarions. However, zs the studies reviewed by Chidesrer and Foushet reveal, short 
training inrerventions to achieve personality changes which might induce more consultative, open 
and collective problem-sotvinp lezdersh~p offer little promise. Further more, although the evidence 
is less conclusive, attitude modification training programmes lor the same purpose tend not to be 
effective when delivered over short pericds of time. On the other hand, as Rumelhatt (1981) has 
argued, effective problem-solving and decision-making strategies can be established if the 
information structures which underlie them are built intaclearly organized knowledge structures and 
schemato. Such schemat3 represent procedural knowledge (accompIishments, performances and 
,process abiliries) and the interrelationships between objects, events. and sequences or events. Once 
an appropriate schema is triggered, a schema can release precisely the right prwedures to control 
the ~ ~ I u t i o n .  However, the variable i n  ultimate effec tivcness is the prior organiution and perception 
of relevance that the stored knowledge has. Right cre* performance management (FCPM) then is 
seen as a process o r  developing schemata that wil l  enhance problem-solving and decision making 
strategies on the Flight deck. 

An example or the potential for FCPM schemata can be seen from the data obtained thus Ia r ' in  
the HURDA study. The key piloting accomplishment wmnland 4s defined b y  five contributing 
performances: crew inreractions. resolvbtg corr/licfs. captaitr supervisir~g. rna~rogi~~g crriical incidents 
avd pilor nlartagirig (Figure 3). 

Each o f  these performances are in turn defined by process abilities which combine in a cognitive 
and affective manner many or  the attributes which have been the subject of CRM typecourses(Figure 
4). AS the data demonstrates, the eFfective execution o f  a pilot managing performance i n  b t h  Pilot 
!=lying and Pilot Not Flying modes i s  predicated on the previously stored abilities l o r  decisron- 
making, oral comrnutz~cating, controlling, assessrtzg. leading, morrirrrring and active lisrening. 



Figure 3 
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Figure 4. 

For training purposes, mch o f  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 
accom~lishment. Added to this 3s figure 3 illustrates, is an instructional weighting continuum which 
identifies each capacity as being "common," "poteni.'" or "critical." A crlrical performance or 
process ability is one in which the site of the correlation wirhin the discriminant function is high 
(approximately at l e s t  +.30), while at the same time accounting For a high proportion of the reported 
observations. The size of the corretation is based upon each capacities poded within-groups 
correlation between discriminating variables and canonic31 discriminant Functions. A potent 
performance or process ability is OM ia which the size oC the correlation within the discriminant 
function is high, but the frequency of reported observations is less than 35 percent o f  the total 
observation. At the level of least impzct are those performances and abilities which are tommon. 
These entities have a low discriminant toelficient and are reported an by led than 35 percent of 
the observations. Camrnon entities tend to equate with the "core" components or a trainirlg syllabus, 
while Porsnr and crjtiral endries suggest crucial czp3ddw for learning and competency acqujsition. 
In  the discriminant analysis of the process abilities underlying pi/& ma)tnging both dectsion-makirrg 
and cortirolling resulted in critical weighting?., while d i v e  listetrirtg, morritoring. ossersirrg and oral 
carnmurricnling were round to be common. x 



The rmniiimtion 01 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 FCPM competencies within the overall conrexr or p~loting 
or environmental accomplishments, Given this data it is possible to construct competency 
specifications identirying the interaction of  abilities with any number of their contextual 
applications. Fot example, in a competency specification which focuses on the accomptiskment 
aircraft pr+forma~rce matragemerrr, and morior~ 3s a critical performance, an ab inirio application for 
this competency might be: 

''In a Piper Tunwhwk tke s1rm"mt pifat wilt be tusked t# f ly  thre 
consecutive circuits and lnndi~igz by day w i ~ h  the maximum demon- 
sfrered cross-wilid compotreni. The student will be required to 
derermiw whether ~ h c  conditiotrs are beyond his or her current level o/ 
abilirp. In additiarr, the studenr wi l l  be able in recommend and execufe 
whmever alternmive courses o j  actio~r should be takna." 

In this exampte, the performance of motion (moving and manoeuvring) is being examined through 
the application of the process abilities of arsessitrg (determining environmental canditions). 
controlling (manipulating the flight and throttle controls to select and maintain appropriate attitudes 
and power settings), arretrding to the stimulus sources of flight instruments. attitude, engine and air 
noise, rno~pi:dri~f (selectively discriminating szirnul us information). ifr~erpreti~g i s  ynrhesizing rhz 
data and generating conclusions) and decision-maliifrg (acting on the besr of competing alternatives). 
Cognitive and affective FCPM skills are embedded in the averall mastery of the accomplishment. 

Conclusions 

An abilities-based approach to competency analysis provides avintion with 3 powerful cognitive too! 
to re-examine many of the traditional assumptions which have formed Ihe basis of pilot training. 
and more recently the decision-making strategies which are critic31 to CRM programmes. Empirical 
evidence derived from information-processing mcdels of psychology and the burgeoning array of 
sophisticated ZOOS (including those which are irtificinlty intelligent) for identifying and vet i ty ing 
abilities, point-with increasing certainty that maps of stable ability constructs are becoming avail3ble 
for assisting in the selection, rraining and assessment o f  pilot performances at ai l  revels of application. 

There is Iittle doubt that the skills which are sought to being inculcated through CRM type . 
interventions are necessary contributors to eoy attainment of missions which espouse safe, effeaive 
and e//icient flight accornplishmenls. However, it is uncerain as to whether personality or attitude 
modification programmes czn provide the best means to this end. T h e  thrust o t  an abilities- based 
approach to flight crew performance management is not to treat communication, judgement and 
decision-making skills 3s an optional "add on" to which organizations may respond. but to integrate 
the appropriate capacities in a more holistic approach to night crew development. The expecrations 
which can be realized from thisapproach are a great1 yenhanced capzbility at prescribing competency 

* requirements which rnaximise the transfer o l  learning from one condition to the next and which 
integrate the hitherto discrere dimensions of theory and practice, skilI and judgemenr into dynamic 
specifications of pilot abiliry, 
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"Buman Factors Applications To The ~zaining of Plight Crews: 
Tha Next GenaSation of Cockpit Resourca Management {CRn) 

Trainingtt 

by 

FlightSaf ety ~nternational 

-ion 
Human factors traininq has become the focus of grawing 
attention within thehinternational aviation community. With 
f e w  axceptiens, airl~nes, military orqanizat~ons and 
regulatory agencies thrauqhout the world have become 
Interested in implementing some form of C W  training f o r  
flight crews, 

Hot surprisingly, CE?H training act iv i t i e s  are occurr ing at 
various levels throughout the world. Some operatrjss are 
ac t ive ly  conducting :raining programs for their flight crews. 
O t h e r s  a n t i c i p a t e  dolng so: while skill others cor~slder t h e i r  
options. 

This paper w i l l  briefly review three tjenerations of cockpit 
resource manageaent t r a i n i n g .  The first generation, which 
began in the early P98as, provided an i n i t i a l  pool of 
experience and has now yielded to the current level of CW 
t r a i n i n g  act ivi ty .  Second generation C m ,  which is rapidly 
becominq i n d u s t r y  standard,  nil2 be compared to its first 
generatIan counterpart to identify lessons learned f r om early 
experiences and to assess paths to follow in future 
generations of CRM t r a in ing .  Third qeneration CRPl is yet to . 
come. It represents the next stage In CRM development. This  
paper w i l l  suggest a direct ion  f o r  third generat ion CRM 
activities, 

The Growth Of CRM Traininq 
For many years the c i v i l i a n  aviation community displayed 
l i t t l e  support I o r  the idea that pilots would bene f i t  From 
training in communicatians skills, leadership, dec-ision 
making and other areas commonly addressed by pres~nt day CFJI 
courses. The term p i l o t  error became a "catch-allN phrase in 
accident  inves t igat ions  that offered little or no i n s i g h t  
lnto the undeslylng causes o f  human error. 

In t h e  mid to Late 1970s, the need to train flight crews in 
t h e  nuances of crew coordination and skills that would 
enhance team effectiveness i n  t h e  cockpit drew more 
attention. The research community wax l ea rn ing  more about 
how humans, operating in highly technical environments, 
perform in m i t i c a l  situations. A t  the  same t i m e ,  they were 
exploring innovative ideas on how to impso-2 per fomance  of 
small groups; which is t h e  composition of a Plight crew. 

Y e t ,  while accident s tat i s t ics  showed a clear trend in the 
preponderance o f  human error mishaps, the aviation community 
continued to resist addiyg "human factorsM training to the 
regular routine of train~ng provided p i l o t s .  

Then, in 1979, a s i g n i f i c a n t  event occurred that would thrust 
the  value of CRM training to t h e  fo re f ron t  of a t t e n t i o n .  On 

' December 18, a United Air Lines DC-8 crashed while preparing 
l o  land in Portland, Oregon. The flight had experienced a 
landing gear malfunction, distracting the  attention of the 
crew and adding to the normal workload intensity of approach 
and landing. The captain, concerned about the potential f o r  
a post crash fire on landing and for adequate preparat ion af 
the  passenoers and cabin,  delayed landing as long a poss ib le .  



Despi te  remarks fzom both, the f i r s t  and seeand officers 
suggestinq a critical f u e l  state, the delayed landing 
resulted In fuel starvation to all four engines j u s t  prior to 
reaching the airport. 

T h i s  untimely event  led united to take a close look' at how 
their flight crews worked together in the cockpit. They 
determined a need to inlprove the  quality of "teamwork* among 
their pilots. with the assistance of NASA researchers, 
United A i r  Lines became the first to initiate cockpit 
resource management training for flight. crews. The 
significance of this step is noteworthy. This was a new and 
innovative concept i n  p i l o t  traininq. The courage and 
innovation displayed in t h e i r  decis~on to initiate this new 
program opened the  door for  an entire industry to re-evaluate 
expectations of flight c r e w  performance. C m  t r a i n i n g  has 
come a long way s ince  then, but that first step 1s always the 
most difficult. To their credit, United took it. 

O t h e r  programs followed: but, o n l y  a few. CRM t r a i n i n g  was 
considered time consuming, expcnslve, and different from what 
pilots and providers of flight crew training were accustomed 
to. This resistance tb change coincided with a new sense of 
f i s c a l  responsibility among U.S. a i r  carriers created by t h e  
onset of deregulation. None t h e  less, from this beginning, 
cockpit resource management training would continue to grow, 
and eventually f lourish.  

Generation 
F i r s t  senerat f on cockpit resource management training ' is 
generaily characterized by two features: concepts and 
awareness. Part ic ipants  are introduced to bas ic  concepts 
relating to cockpit  resource management and then se 'nsi t ized 
to t h e  role the concepts play in the cockpi t ,  T h i s  is a 
usecul and necessary p a s t  o f  any ClW t r a i n i n g  program. 
Typlcal among concepts introduced are  eommun~catians, 
assertiveness, advocacy, i n q u i q ,  command and leadership. 

Alung w i t h  these features, first generation CRM courses had a 
stxenq foundation in psychology. ~ a r t i c i p a n t s  were often 
challenged to examine their o w  personalities, and to varying 
degrees, the personalities o f  others, The purpose of these 
act iv i t ies  was to create self-awareness among pilots of how 
they i n t e s a c t . w i t b  other crew members, and haw other crew 
members interact with them. First generation t r a i n i n g  was 
ineended to break down the barriers of personality that might 
inhibit effective crew perfarmance. 

Second Genera i o n  CRM ~rain'n 
*who part ic ipated  in first 
generation CRM training activities unknowingly created t h e  
framework for curfent generation CRH training programs. Two 
overwhelming lessons where learned. First, p i l o t s  seemed 
uncomfortable wim the Rpsycholoqy and personalityR features 
of courses. Perhaps they were threatened by the  sensitivity 
of i s sues  raised, or perhaps the approach was too esotarle. 
In any case, it became clear that a more practical approach 
te cockpi t  resource management was in order. 

The second lesson learned was that it was not enough to 
simply introduce concepts and then develop an awareness of 
t h s i r  application to the flight deck. A bridge to pract ica l  
use was needed: specific skills that pilots might use in the 
c o c k ~ i t  to improve the effect~veness of the flight crew as an 
operating team. 

Second generation CRM, then, is the  result of a natural 
process of maturation that follawed first generation CRM 
training, These courses tend to be less dependent on the  
underlying psychology o f  individual personalities and more 
concerned wlth addressing a t t i t u d e s  that crew menbers bring 
to t h e  cockpit. This emphasis is appropriate in light of the 



fact that it is unlikely that C W ,  or any other course, can 
change personalities. However, at t i tudes ,  which have a great 
deal to do with behavior, can be profoundly affected by the 
activities typically included in cRM t r a i n i n g .  

Second generation courses also tend to be far mare practical 
in their approach to CRM. In addition to the "concept" and 
uawarenessw phases of training accomplished in predecessor 
courses, they expose participants to specific skills which  
can be practiced, perfected and put to use in the  c o c k p i t .  
To illustrate this difference, consider a first generation 
CRM course which might introduce the concept o f  advocacy, an 
assertive form of communication. Participants learn to 
understand the  concept and its role in the cockpit. But, 
they w i l l  n o t  have learned how to advocate. In contrast, a 
second generation program w i l l  teach how to advocate, by  
describing the skill, providing examples and a means to put 
it to pract ice .  X. 

Other pertinent CRM s k i l l s  are taught and in a 
similar manner. T pica1 among them are eammunications, 
l i s t e n i n g ,  team burlding, leadership, conflict resolution and 
decision making., 

I-shtSa f ~ t v  E m  rience 
Wightsafety has been conduct-t. resource management 
training f o r  several years. Over ten thousand pilot have 
completed some part or all a f  our two-day workshop. This 
program is typical o f  second generation CRM programs. 
Instructors func t ion  as facilitators of learning rather than 
in the  t r a d i t i o n a l  role o f  instructor. Lecture is limited to 
an absolute minimum, replaced instead by an experiential 
approach to learning marked by group discussions, skill 
practice sessions, problems solving and role playing 
exercises, and accident case studies. 

The program faeuses on t w o  primary goals: team b u i l d i n  and 
ooerational & The focus on team build& is 

to present skills that crew members  can use to develop the  
flight crew into the most effective operating unit it can be. 

The second emphasis is on achieving operational goals, 
Consider that when an airplane crashes, it's flight crew has 
f a i l e d  to achieve a goal: that of a r r i v i n g  s a f e l y  at 
destination. There are, in fact, a variety of sub-goals 
relating ta the  safe, efficient, scheduled operation of a 
flight. The course addresses how to maintain a focus on 
goals and assure that they are achieved. 

  his dual focus is supportea by five bas i c  elements,  each of 
which constitutes a section of the two-day workshop. They 
are situational awareness and error chams;  communication 
s k i l l s ;  teaming building (which includes a discussion of 
command, leadership and leadership styles); decision making;  
and stress management. 

The program is a pract ica l  approach to maximizing flight c r e w  
perfonuance. It offers speclfic s k i l l s  t h a t  flight crews can 
use to meet designated objectives in a t i m e l y  and safe 
manner. A sense of ltownership" in t h e  course is fostered 
among participants. The absence o f  grading and reporting 
creates a non-threatening environment that encourages 
participation, and application ahd sharing of experiences 
among part ic ipants .  

Generation CRM: 
However effective seeend generation CRH t r a i n i n g  is, it l a c k s  
one impor tant  element: that o f  measurable, object ive 
performance standards. This  is the yet  to be realized rale 
of t h i r d  generation CRM. 



As industry develops higher expectations of f l i q h t  crew 
performance, it is necessary to develop corresponding 
measures o f  assessment. To date however, we continue to use 
individual  peffomance criteria which measures one's, flying 
skills in terms of prescribed standards of performance , 

relating to control dexterity. Such parameters include 
altitude, plus or ninus'one hundred f e e t ;  airspeed, plus or 
minus ten knots; etc. It is ironic that at a time when w e  
are looking ever more closely at crew performance, it is 
still p a s s ~ b l s  f o r  one crew member to fail a check xide while 
the others pass. Y e t ,  i t is not poss ib le  for only one member 
o f  a erew to crash: the ent i re  crew succeeds ar fails as a 
team. 

In essence, the role of the  pilot has changed from that of a 
cantrol manipulator, to that of an information processor and 
system manager . The performance measures we employ must 
keep pace with this changing ro le ,  

M$asurabla crew performance standards will provide: 

1. self-assessment targets for p i l o t s ;  
2 .  specific behavioral targets far  CRM training 

' .  programs ; 
3. assessment criteria far erew perfomance; 

This author would suggest that it will be two to f i v e  years 
before measurable CRM related perfarmance cri ter ia  are . 
defined i n  such a manner as to be useable. - 

A crude, yet formidable, example o f  a crew-based performance 
criteria 1s illustrated by a feature of the cockpit  resource 
management training workshop conducted by FlightSafety.   his 
is called the "Error  Chainn. 

The error chain is a concept t h a t  d e s c r i b e s  human error 
accidents as t h e  result o f  a sequence of events that 
culminate in mishap. There fs seldom one overpowering cause, 
but  rather a number of contributing factors or errors, hence 
the term "error chainM. The links o f  these so called error 
chains a r e  i d e n t i f i a b l e  by means of eleven clues.  Breaking 
any one link in the chain might potentially break an error 
chain and prevent  a mishap. 

Hence, we are suggesting that flight crews, unknowinslv 
progressing toward mishap, might i n t e r r u p t  that sequence o f  
events  and avoid mishap. 

More than thirty accidents or incidents have been examined in 
t e s t ing  the concept of error chains. Each was considered 
from the f ollotring 'perspect+ve: "If this f l i g h t  crew had 
been.trained to recognize links in error chains and been 
proficient in doing so,  were links present which, if found, 
might have caused a different response and outcome?" 

In each event considered, the answer was wysslf. The fewest 
links discovered in any one accident was four; the average 
seven. Yet, recognizing and responding to only one link is 
a l l  that is necessary to change an outcome. The presence o f  
more than one serves to enhance the potent ia l  f o r  timely 
recognition of an error chain. 

While an error chain might be relatively easy to reconstruct 
during accident investigation, the presence o f  one may be 
difficult f o r  a f l i g h t  crew to detect as it accurs. 
Familiarizing f l i q h t  crews with t h e  concept of the  error 
chain corrects thls. 

These are the eleven clues to identifying links in an error 
chain. The presence o f  any one, or more, docs not mean that 



an accident w i l l  occur.  Rather, it indicates rising r i s k  in 
the operation o f  an aircraft and that the flight crew must 
maintain control through proper management of  resources. 

*AMBIGUITY 
Ambiguity exists any time two or mare independent sources of 
information do not agree. T h i s  can include instruments, 
gauges, peaple, manuals, senses, controls that do not 
correspond with associated indicators and so on. 

*FIXATION OR PREOCCUPATION, 
The focus of attention on any one i t e m  or event to the 
exclusion of all others .  These may include any number of 
distractions that can draw attention away from t h e  progress 
of a f l i g h t -  D i s t r a c t i o n s  can be t h e  result of high 
workload brought about by the demands o f  flight wlt l i in  high 
density  traffic areas, inclement weather, or abnormal and 
emergency conditions. Distraction can also be the result of 
personal problems, inattention, complacency and fatigue. 

*CUNEUSION OR AN EMPTY FEELING 
A sense o f  uncertainty, anxiety or bafflement about a 
particular situation. It may be the result of f a l l i n g  
behind the aircraft, lack o f  knowledge or experience. 
Perhaps it is being pushed to the limit of one's ability or 
experience. It is o f t e n  evidenced by physiological symptoms 
such as a throbbing temple, headache, stomach discwmfort or 
nervous habi t .  Researchers suggest that these signals are 
symptomatic o f  uneasiness and should be trusted as 
indicators t h a t  a l l  may not be r i g h t .  

*NO ONE FLYING THE AIRCRAFT 
No one monitoring t h e  current sta te  of progress of a flight. 

' Flying t h e  a i r c r a f t  is the  highest priority for the flight 
crew. If it is not  being attended to, perhaps other e q u a l l y  
impor t an t  priorit ies are being overlooked. 

*NO ONE LOOKING OUT THE WINDOW '' 
Again a matter of p r i o r i t y .  A t  a time when one of the 
greatest hazards t o  flight safety is the threat o f  midair  
coll ision in the --mrinal area, It is easy to be tempted to 
keep ones head in the cockpit rather than maintaining a 
careful eye outside. Xf this priority is lost, are any 
others? 

*USE OF AN UNDOCUMENTED PROCEDURE 
, The use of procedure wr procedures to seal with abnormal or 
emergency condi t ions  that are not  prescribed in approved 
flight mbnuals or checklists. Does the  f l i g h t  crew have a 
thorough understanding of the problem? Have a l l  resources 
been used to their fullest potential? 

*VIOL&TING LIMITATIONS OR MINIMUM OPERATING STANDARDS 
Intent to or v i o l a t i o n  of defined minimum operating 
conditions or specifications, either intentionally or 
unintentionally, as prescribed by regulations o r  more 
restrictive fllght operations manuals or directives. These 
inc lude  weather c o n d i t i o n s ,  aperatinq limitations, crew rest 
or duty limitations, systems Iinitatlons, airspeed 
restrictions and so on. 

*UNRESOLVED DISCREPANCIES 
Failure to resolve conflicts of opinion, information, 
changes in c o n d i t i o n s .  

*FAILURE TO MEET TARGETS 
Failure of t h e  flight or flight crew to a t t a i n  and/or 
m a i n t a i n  identified targets. Tarqets Include ETAS, 
airspeeds,  approach minimums, altitudes and heading, 
configuration requirements, p l a n s ,  procedures or any other 
goals established by or far the flight crew. 



Circu larlCirculairel4 HPE: yxs~p 229-MI1 37 A-315 

*DEPARTURE FROM STANDARD OPERATING PROCEDURE 
Intent to or inadvertent departure from prescribed standard 
operating procedure, Well defined SOPs are the result of a 
synergistic approach.to problem solving with the influence 
of time removed. A s  a result, in difficult s i tua t ions ,  
s t a n d a r d  operating procedures represent an effective means 
of problem resolution w i t h o u t  the sacrifice of time, which 
is often not available. 

This is no t  to suggest that SOPs w i l l  resolve all problems. 
However, they are an effective starting poin t .  Failure to 
follow SOP constitutes a l i n k  in the e r r o r  c h a i n  and is an 
appropriate indicator o f  rising r i sk .  

*INCOMPLETE COMMUNICATIONS 
incomplete communications are the result of withheld 
information, i d e a s ,  opinions, suggestions or questions: and 
f a i l u r e  to seek resolution of misunderstandings confusion or 
disagreements. For example, if a erew member withholds . 
informat ion,  or f a i l s  to question another  crew member about 
an area of conce rn ,  a link in the error chain exists. 
Likewise. if a crew memher believes  another crew member to 
be withholding communications, this too constitutes a link 
i n  the error chain.  

The prs3ence of one or more o f  these clues means that an 
error cha in  misht be in progress and that appropriate caution 
is advised. Recognition of t h e  presence of error  chain links 
provides a f l i g h t  crew with  the  t o o l s  to appropriately manageA 
risks associated with  flight. 

It is important to p o i n t  out that ident i fy ing  the presence of 
an errar chain does not  in and of itself eliminate the r i sk  
of mishap. Ins tead ,  i t serves as a warning to the crew that 
they must take appropriate act ion  to manage the progress o f  
t h e  flight in the  face of rising r i sk .  

Air ~ l o r i d a  Flight 90 
To i l lus tra te  the  application of  the error c h a i n ,  consider 
events surroundinq ~ i r  ~ l a r i d a  f l i g h t  90 (Palm 90) in January 
of 1982. The Baelng 737, scheduled to fly from Washington 
N a t i o n a l  A i r p o r t  to Tampa, Florida, encountered lengthy 
departure delays while an the ground in Washington due to 
severe winter weather conditions in the Washington, D . C -  area 
and at the ai rpor t .  

After takeoff, the crew had difficulty maintaining a p o s i t i v e  
rate of climb and the a i r c ra f t  crashed i n t o  a bridge, 
spanning the  Potomae River just nor th  of the airport.  Among 
the  f ind ings  of the National Transportation Safety Board were 
that the crew had f a i l e d  to activate the aircraft's engine 
anti-ice system during ground operations.  A s  a result, t h e  
P t 2  probe, which serves as a ram air pressure source for EPR 
i n d i c a t i o n s ,  became blocked by ice accumulation, thus 
providing EPR instrument readlnqs higher than actual engine 
thrust output. The e n g i n e s ,  whlch normally wouLd be expected 
to produce 98% or mare turbine power at takeoff, were 
actually generating between 78% and 8 2 %  turbine power. This 
was inadequate to maintain a positive r a t e  o f  climb in the 
ex i s t ing  conditions. 

Were l i n k s  in the error chain present during this f l i g h t ?  If 
t h e  crew had been trained to recognize and react to the  
presence of these error chain l i n k s ,  might they have 
performed differently? L e t  us consider what happened.. 

There were c learly  v i s ib le  l i n k s  in the  chain that the  erew 
m i g h t  have identified. 



Arnbiauitv existed in the cockpit ,  mile EPR was set in 
accordance with charted power s e t t ings  f o r  t h e  takeoff, 
t u rb ine  tachs, EGT gauges and fuel flow indications uouLd not 
have supported what the crew thought  to be correct takeoff 
power* This l i n k  in t h e  error chain provided t h e  crew an 
apportunaty to break the chain.  

Fixation or reoccupation may have $eon present,  ~t has  been 
suggested byPsomo that  the captain w a s  preoccupied w i t h  
concerns for the financial condi t ion  of h i s  company which may 
have cau'sed him to press on rather t h a n  expose his passengers 
to further delays. There is no factual evidence to indicate 
that this occurred. In fact, A i r  Flor ida  was financially 
sound at t h e  tine. Nonetheless, if concerns f o r  schedule 
distracted the captain from the primary goal of the 
o~erational safety of the flight, it represented another link 
in the error chain. 

Confusion was present. On three separate occasions, the 
f i r s t  of f ice r  observed that Re did not believe the takeoff to 
be proceeding normally. These concerns were n e i t h e r  
addressed or rectified by t h e  crew. In Pact ,  t h e  captain 
offered no response to any of t h e  three comments of t h e  first 
o f f i c e r  who sald , "...thatas not r i g h t e p U  

The use of an U I I  D- was evident. According 
to the cockpi t  voice recorder tape ,  the captain expressed 
coneern about t h e  accumulation of airframe ice.  In an 
a t t e m p t  to mi t iga t e  the effect o f  potential ice buildup he 
parked the aircraft closely behind another  j e t  waiting in 
line f o r  takeoff, perhaps expecting t h e  ho t  j e t  b l a s t  from 
ahead to malt the ice from h i s  a i rc ra f t .  T h i s  procedure is 
not contalned within any known documentation re lat ive  ta the 
Boeing 737. 

Unresolved diserevancies existed in the f o m  of the  concerns 
raised by t h e  first o f f i c e r  that were not reconciled. In 
f a c t ,  he vaices h i s  concerns on three separate occasions, 
none of which were addressed to a satisfactory conclusion. 

The crew a l so  failed to meet tar se t s .  Climb performance 
targets were not  met. They failed to correctly set power f o r  
takeoff .  Acceleration down the  runway d u r i n g  takeoff r o l l  
was hindered by the absence o f  full power, weight of ice on 
t h e  airframe and contaminated runway surfaces. Each provided 
an opportuni ty  to break the  chain. 

The crew d e ~ a r t e d  from oneratinq p m  by 
failing to operate the engine anti-ice system while on the 
ground. 

It should be noted t h a t  inadvertent departure from SOP is 
vexjr d i f f i c u l t  f o r  a crew to identify because it occurs by 
accidental omission rather than by intent. Hawever, rigorous 
use of checklists and accurate understandinq o f  related 
condi t ions  provide some protect ion from this. Furthermure, 
crews t h a t  knowingly depart f r o m  SOP have introduced a link 
in en error chain. 

Finally , a comrnunicat ions breakdawn occurred. The concerns 
o f  tFe first officer were not explored and were not  addressed 
to h l s  sat iofact ian .  Ncnctheless, t h e  flight proceeded. 

Eight o£ .the eleven links in t h e  error chain were present and 
could have been recognized by t h i s  flight crew had they been 
trained in its use. Only one link is needed to break the 
chain: and there were e ight .  

A r e  w e  suggestin7 Lhat the  accident would have not  hap-pened? 
No! However, thls author is suqqesting t h a t  recognition of 



t h e  links in the error chain would have provided the f l i g h t  
crew w i t h  ample opportunity to react differently to events, 
perhaps in such a way as to have changed the outcome. , 

Putting Error chains To Us# 
The concept of erxar chains has been p u t  to practice in two 
ways at Fliqhtsafsty. Participants in cockpit resource 
management t r a i n i n g  workshops are  taught the error chain and 
challenged to use rt during a series of case studies and role 
playing exercises. W e  have also begun to use the concept as 
part e£ simulator training. Posters, listing the links in 
the error chain, are placed in briefing rooms where flight 
crews are challenged to perform error chains analyses e f  
their own performance during debriefing sessions.  

Conclusion 
The error chain concept represents an objective behavioral 
target in that t r a i n i n q  scenarios can be constructed to 
include one or more links.  light crews can then be 
evaluated on their success in ident i fy ing  and responding ta 
them. 

As mentioned, w e  believe <he error chain  to be a crude 
beginning. For example, how should a crew respond to the 
presence of an error chain l i n k ?  Can it be addressed 
procedurally, and if so how? W e  have ye t  to answer these 
questions, but we are  working to do so. 

None t h e  less, the  error chain concept has t h e  potential to 
make a significant contribution to flight safety now, and 
provide a platform toward a more refined approach ta 
measurable crew oriented performance assessment cri teria for 
tho  future. 



LA P S I C O L O G I A  EN L A  AVIACION C I V I L  DE CUBA. 
SU CAMP0 DE TRABAJO .EN E L  ESTUDIO D E . L O S  
FACTORES HUMANOS 

L i c e n c i a d a  en Ps i co log ia  
M a r f a  d e l  C a r m e n  P i co  Penabad 

L i c e n c i a d o  en Ps i co log ia  
P e d r o  C a b r e r a  D a n i e l  

E l  t6rmino " f a c t o r e s  humanos", se ha u t i l i z a d o  de  muchas maneras lque abarcan muchos 
ternas d i f e r e n t e s .  En l a  s i g u i e n t e  expos ic idn  abordaremos l a s  l i n e a s  de  t r a b a j o  de-- 
l a  p s i c o l o g i a  e n  l a  Aviacidn C i v i l  d e  Cuba; cuyo campo de e s t u d i o  e s t i  d i r i g i d o  --- 
fundarnentalmente "a1 hombre" y s u  i n t e r r e l a c i d n  e n  e l  s is tema:  hombre - miquina---- 

medio ambiente. 

En e l  concepto " f a c t o r  humano", se e n t i e n d e  que forrnan p a r t e  de 6 1  l a s  c a r a c t e r i s - -  
t i c a s  p s i c o l 6 g i c a s  d e l  p i l o t o ,  o s e a  l a s  p o s i b i l i d a d e s  y l a s  l i m i t a c i o n e s  que son-- 

- . c a r a c t e r i s t i c a s  para  t o d o s  10s p i l o t o s  a 1  s u r g i r  d i f i c u l t a d e s  o b j e t i v a s .  

La in t roducc idn  d e l  concepto " f a c t o r  humano", d6 l a  p o s i b i l i d a d  de  s e p a r a r  l a  c u l p a  

r e a l  cometida por  e l  p i l o t o  d e  l a  c u l p a  que e s t d  re lac ionada  con l a  t g c n i c a ,  o m%s- 

exactamente de  l a  imperfeccidn ergondrnica de  10s instrurnentos y l a s  l i m i t a c i o n e s  de  
l a s  p o s i b i l i d a d e s  humanas. 

Como r e s u l t a d o  d e l  progreso c i e n t i f i c o  t 6 c n i c o  e n  l a  e s f e r a  de l a  t 6 c n i c a  de  Avia-- 
c i d n ,  s e  perfeccionan constantemente 10s aviones,  y actualrnente 10s misrnos son  e q u i  

pos a l t amente  complicados, con d i s p o s i t i v o s  t g c n i c o s  muy rnodernos, pero  e l  papel--- 

fundamental de  e s t e  s i s tema:  hombre-miquina-medio ambiente l o  ocupa e l  "hombre",.'ya 

que e l  t r a b a j o  de  p i l o t a j e  d e  una aeronave es ca ta logado  fundamentalmente como una- 

a c t i v i d a d  mental ,  donde e l  n i v e l  f u n c i o n a l  de  . l o s  procesos cognosc i t ivos  y l a  e s t a -  

b i l i d a d  emotional d e l  p i l o t o  deben ser dptimos para  e l  buen desempefio de  s u  a c t i v i -  
dad,  pues s u  e f i c i e n c i a  no depende unicamente de  s u s  hab i l idades  tGcnicas ,  en t rena-  

mientos,  y s a l u d  f i s i c a .  

La a l t a  seguridad y e f e c t i v i d a d  d e l  funcionamiento de e s t e  s i s tema,  puede garan t i - -  
z a r c e  solamente cuando l a s  c a r a c t e r i s t i c a s  t k c n i c a s  de  10s elementos de  l a  rndquina- 
y s u  n i v e l  de segur idad  s e  encuent ren  e n  correspondencia con l a s  p o s i b i l i d a d e s  ---- 
p s i c o f i s i o l 6 g i c a s  d e l  hombre, y que 10s f a c t o r e s  d e l  medio ambiente no ocasionen -- 
una capac idad  de t r a b a j o  des favorab le .  

En l o s ~ i i l t i m o s  aAos s e  ha producido un d e s p e r t a r  g radua l  f r e n t e  a 1  hecho de que e l -  

" f a c t o r  humano" e s  t i n  impor tan te  como e l  f a c t o r  tgcn ico ,  como consecuencia  que han 

disminuido e l  ntjrnero de  a c c i d e n t e s  causados por l a  miquina, mien t ras  que 10s cau--- 

sados por e l  hombre han aumentado e n  proporcidn. 



Frecuentemente l a  causa fundamental de errores en el vue la  es l a  inexactitud de las 
accinnes a ejeeutar por parte del piloto en el man& del avidn, o sea, la tgcnica - 
de pilotaje y las factores psieoldgicos puros, o como tambien se le ha dado en 11s- 

mar: "el errur humane", CMO pueden ser: l a  no correcta valoracidn de l a  informacidn 
- --.-. 

Como r e s u l t a d o  de l a  recepcidn errhea de l a  sikraeidn; l a  nr, correspondencia de un 
momento dado con l a  distribucidn y concentracidn del proceso de atencibn; deficien- 

cias sensoperceptivas, rasgos de personalidad que pueden ejerces i n f l u e n c i a  en la  - 
tma de decisiones del hombre, y todos aquellos estados psicofisioldgicos no favors 
bles del Piloto.  

Es importante aceptar que el "Error Humana" es i n e v i t a b l e ,  pues e l  Pi la to  no actua- 

rA a l a  perfeceidn en tndo nrornenta, .la we padria seiialarse cam actuacldn perfect8 
en eiertas circunstaneias pddrIa ser inaeeptables en otras; por l o  c u d  es necesa-- 

r i o  l a  atencidn a 1  hombre el cual estd sometido a una amplia gama de variables y de 
sf tuaciones y circunst,ancias nuy diferentes, las cuales no pueden prdverse f 5 c i l q  
te en su totalidad. 

A 1  analirar 10s problemas de l a  Seguridad de los Vuelos, siempce debemos partir de- 

l a  af irmacidn de que l a  Aviacidn es un Sistema, donde "el todo" est i  ccompuesto por- 

3 aspectos : E l  Hombre- e l  Avidn y el Media. Un a n d l i s i s  de las distintas esferas - 
sirve de inter& a l a  seguridad de 10s vuelos y de esta form se hacs posible el ez 

tubio de las relaei~nes reciprocas complejas dentro del sistema. 

Sa sobre entiende que en Bste Sistema l a  capacidad h u m a ~  debe estar c w r s t a n t ~ t c  

"reasegurada" ; es necsario estudiar y chequear regularmente las propiedades de l a -  
Psiquis del hombre, por l o  cual l a  Psiculogfa Aerondutica en Cuba comprende diferec 

tes  funeiones como son : La seleceidn profesimal, Psieologia Clinica, Profilsixis y 

l a  Preveiiclbn e Investigaeidn de Accidentes. 

La Seleecidn P m f e s i o n a l  de los  aspirantes a Piloto o a puestos de trabajos relacig 
nados con l a  Seguridad de 10s Vuelos como: -Controladores de l  Trdnsito Mrea, Aerong 
sas y Sobrecargos, Ingsnieros de Vuelo, Navegantes y Tkccnicas de Tierra; se@n 10s- 

indices psicof is io ldgicos  determinados , constituye un sistema de medidas encarnina-- 
das a detectar a las  personas que por sus cualidades indiv iha les  son nGs dtiles p= 
ra l a  ins trucc idn  y para l a  futura actividad de vuelo o de tierra. '. . 
En 10s exsmenes Psicoldgicos el sistema de exigencia para 10s aspirantes a Carreras 

de Aviacidn es rigid0 , se investigan todas aquellas func iones  psiquicas que tienen- 

irrlportacia especial en 10s distintos perfiles profesionales de l a  Aviacidn C i v i l , - -  
cam por eje~lplo: Cas Suncianes sensomotoras; 10s dist intos  mpnnentes del praceso 

de atencidrr como: La concentracidn, l a  distribucidn, el volllmen y las variaciones-- 
Y l a  estabil idad de l a  misrna; valoracidn de las malidades del  pensarniento, cam: - 
capacidad para e l  a n e l i s i s  y l a  comparacidn, b b i l i d a d  para hacer canclusiones lb& 
C ~ S :  facili-@ento & . r e l a e i o n e s ~ v a s :  estahlprimientn kidsn------ 



tidad; diferencia y rapid& de l a  wnmrtacidm de un mdo de operaci6n mental a otro; 
sstudio de la memoria: memria operativa y memria mediata o inmediata; determina- 
cidn del coeficienie de inteligencia; exploracidn de' l a  existencia de alementos or- 
gdnicns y ias caraeterf~ticas & personalidad que puedan influir an las relaciones- 

sociales, laborales y personales . 

Es impnrtanta que en 10s exdmenes psicoldgicos, el psicdlogo idsntifique l a  motiva- 
cidn por l a  profesib, y si es necesaria l a  d i r i j a  hacia un sehtido de salud,  pox-- 

que l a  disminucidn de la mtivaeidn tarde o terrrpram puede constituir una premisa - 
de accident@. 

La PsicuZ~gia Clinics m 1s Avlaci* C i v i l  de westro pals mnpresrde el estudio --- 
c l i n i c ~  psiegldgico orientado a l a  evaluaeibn, diagndstico, psicaprofiUxis y reha- 
bi l i tac idn de ias tripulacianes de vuelo y eontruladores de trdmita d e m .  

Los ex&nes psicoldgicos se realfzan anualmente; las mtmistas psicoldgicas y -- 
psicom6tricas se realizan en un ciclo de 4 aPios; las entrevistas se mantienen tadcs 

10s anos y los'psicodtrieas se desglosan parcialwntementre 105 4 afias, de l a  ---- 
siguiente manera : 

ler AAo 

Evaluacidn del nive l  funcional de 10s procasis cognoscitivos coma: atancidn, m&o-- 

ria, pensadento, capacidad para operar m represantaciwles espaclales Y '  capactlde- 
des psicwotoras. 

Comprobaeidn y re-estudi~ general d~ todas las funciohes pslquicas y l a  personall-- 
dad. 

.La metodologia expuesta anteriomnte fub una propuesta de l a  Comisidn permanent@-- 

del G M E  para l a  Aviacidn Civil en el a b  1986. 



Esta conmpcibn mtodolbgica fue aprobada, ya we se sustenta sobre esultados cien 
tificus y se eneuerrtra an aplicacidn actualmente. 

E l  ordtn integcal & lo$ exdmnea asegura'la posibi l idad de una eomprobacidn perm- 

nente de t&s l a s  fuociones psicoldgicas y de l a  accidn efsctiva en caso de anoma- 
lias que influyen m ' la  seguridad de los vuelos. 

A1 mi= tiernpa consfderamos cma un factor Wortante el hecho dd'qus eon Bste --- 
&todo el Psicdlaga se mcumtra en una constante y estrecha relaeiSn mn el perso- 

nal a~mndutico, fortalecidndose l a  relaeih abierta y sineera e n t ~  el psicdlogo y 
10s tripulantes, ya que las Tripulaciones de Vuelo, Controladores del Trgnsito A P -  

reo y Tdcnicos, tratao de no -tsar sus bebilldadss y problemas por temor a la --- 
ineptitud en su puesto de trabaju. 

Cte esta manera se realiza el estudLa celinico-psiml6gica conjuntamente con otras -- 
medidss~picoprofi14cticas que se l levan a eabo, cam son 

1, La pacticipacidn del PsicSlogo en las  remimes msuales  del cuerpo de instruc 
tores, eon el objetivo de conoeer y cmtribuir en el analisis de aquellos trip2 
lantes o wntr~ladores de trdnsito agreo con difiwltades en el deserrpefio de l a  
m i c a ,  al '  igual que 10s tripularrLes we se proponen para la txancisidn a Capi 
tanes de Aeronaves o TCcnicas superiares, istableci&ndose de t 'sta form un esti  
dia psieolbgieo del caso par parte del psicdloga y por parte d s l  instructor sl- 
estudio de l a  ' t&miea. 

2. Pceparacidn psicoldgica de las tripulacianes para e l  vuelo de acuerdo a su per- 

$51 ocupacimal y my en especial a lo5 Capitanes de Aeronaves, mediante cursos 

doeentes programados peri6dicamante. 

La Prafildxis canstituye el objetivo fundamental de l a  Gomisidn Mdica de la Avia-- 

eidn Civil, por. l o  cual el estudio elfnicu-Psicol6giw estd orientado fundamental-- 
rnente a detectar y valorar a tienpo cualquier t i p 0  & afeec ih  psicbgkna que pueda- 

existir en nuestro personal. 

En caso de que existiera alguna aleccldn psiquica en el W r e ,  psslaprafil4xis- 
ss l leva a cabo mdiante consultas prevmtivas, en l a  cual se f e  realiza a 1  t r a b a k  

dor, ya sea tripulante de welo, ATC o tknieo de tierra, una entrevista psicoldgi- 
ca para llegar a un diagndstico cliniw, y de esta form Lradicar el tratamimto a - 
seguir segdn l a  patologia we pmente;  si can el tratamiento el cam no es rewpe- 

rable se diseute el mim w Comisidn Wdica y se determina su no aptitud para el-- 

puesto-defrabaio. 



Especificamwrte l a s  Tripulaciones de Vuelo pueden tener diferentes particularidades 
psicoldgicas individuoles que le invaliden su aptitud para el vuelo o le entorpez-- 

en un m m t o  detesminado l a  asimilacidn exitosa de su actividad. 

Enke estas particulatidades psicolbgicas, las males denominaremos categorias, se- 

hallan las siguientes : 

- Ausemia c pCrdida de l a  motfvacfdn por el vuelo. 
- Oesadaptacidn a 1  welo. 
- Hiedo a1 vuelo. 
+ Y bago nivel funclonal de 10s pmcesos cog7oscitivos. 

Estas categorias psiquicas menciqnadas anteriomnte pueden ser no solo particulari 
dades pslquicas individualas del hombre, sino, que pueden ser sintams que inicien- 

determinadaa patologfas psiquigtricas a puede darse e l  caso qua surja una patologia 
psiqui5trica por si mima, l a  cual inwpacita a1 tripulante para continuar simdo - 
apto persona1 de vuelo, teniendu en cuenta 10s raquisitas ddicos de la OACX, como- 

SMI : 

- Psicosis 
- blcoholismo 
- Oepertdencia a Piirmacos. , 

- Desardenes de l a  parsmalidad, en particular cuando son lo suficientemente paves 

cam para haberse manifestado repetidarnente mdiante acciones evidentes, 

- Y Anomalias rnentalss c neurosis. 

En nuestro trabajo diariu exiate a d d s  una estreeha relacidn & l a  &icologia con- 

~tras especialidades de la Cwnisi6n Wdica, como : Psiquiatria,  Medicfna Interna, - 
Otorrinol5ringologia, etc; ya que l a  actividad de los Tripulantes y Cwkoladures - 
& Trasita Adreo, kanscurre sobre una elevada tensidn pslquica y la influencia so_ 
bre su organim de factores desfavorables del  mdio exterior. 

L. 

En estas eondicim6 adquiere un ewecia1 inter& la valoracidn no solo de su esta- 
do fisiolbgico, sino tambien psicoldgim, ya que mucfras patologias orgsnicaa 'tienen 

comu etiologia un origen psiquico, siendo frewente 10s casm con sintom'tolpgia de 
ensiedad latente. 

Ante l a  presencia de estos casos, se realiza un trabajo tarapeutim conjunto con el- 
ddico' asistente y el psicblogo sobre l a  base de un program de rehabilitacidn, u t i -  
lizando fundaimtalwmte tgcnicas we se engloban en 10s principios de las ttcnicas- 
de plajaci6n , cmno son : El entrenamiento autdgeno, ejercieios respiratorios espe- 



Para llevar a cabo dlcha b r a p i a  se realizan consultas sistedtieas para l a  oplica- 
eidn de l a  tgcniea de relajacidn, y neguir l a  molucidn $el caso." 

De &a f0rrri.a e l  hombre apcende los dtodos  de autocontrol y autorrelajaeidn para-- 
ponerlos en prgctica en su actividad de trabajo, y su realizacidn sistemstica impli 
ca l a  disminucidn paulatina de 10s altos niveles de ansfedad, basta nbtener una --- 
curaci& total y ser dado de al ta .  

La Cmisidn MCdica de l a  dviacidn C i v i l ,  realiza l a  profildxis y rehabilitacidn del 
personal de vuelo en dm direceiones, l a s  euales est4n an correspondencia con el n i  
v e l  funcional de l a  capacidad psiqufea de trabajo de este personal: h a  que se sea- 

lkza en el Centro de Medicina de A v i a c i h ,  la cual axplicarnos anteriormdnte, y ot ra  
que se Ueva a cabo en el  ~rofi lactorio de Topes de Collantes. 

El Pmfilactorio es una Institukibn Wdica de eardeter eminentente profilictico, - 
con algunns rasgos a s i s h i a l e s ,  se destina ,para el fortalecimlento del astado de- 
salud del  personal de vuelo a *raves de entrenamiento fisico programdo bajo con--- 

trol &dim. 

A 1  Prefilactorio acuden todos 10s aPlos personal de vuelo, siendo, rsmitidos algunos- 
cams con orientacimes e s p e c f f i m  por Ins psie6logos u otra especialidad del Cen- 
t r o  da Medicina de Aviacibn. 

Lna objetivoe generales de asta Institucidn son : 

- Yalmar el estado f isico y psiquica del personal, y estudiar l a  capacidad Eisica 
y mental del hombre para prolongar su servicio activa en l a  aviacidn. 

Esperamos qut el ti- gsta actividad para la comervacidn de l a  salud mental, 

no solarnwtte reduzca el porciento de accident#, sino que tambign auumente l a  canti- 

dad de especialistas que se mantienen en l a  actividad a h a  a1 igual que se reduzca 

l a  propbrcibn de l a s  distintas enfermedades incapacitmtes en l a  Aviacidn Civil. ' 
% 

En el c w o  de l a  Prevencidn e lnvestigacidn de Accidentes, l a  Psicologia trsbaja-- 
fundamentahnte en l a  investigacidn de 105 aspectos psicosociales que constutuyan- 

pknisas  de incidentes o accidenks. 
' 

La5 inwstigsciones psicoldgicas en 10s accidentes de aviacidn, deben penetrar mis- 
profundamente en l a  causalidad y en las condiciows en que se dd e l  accidente, ---- 
detectando las desviaciones en el microsistern Avi6n-Tciwlaci6n-~diu Miente.  



Las caracteristicad individuales, psieoldgieas y ioeiales del ~ u ' k t ~  d e l  accidente. 

E l  nivel  de l a  &rga psicof isioldgica del' hombre (sentimientos , m c i o n e s  , f atiga , -- 
slwada tensidn embcional y nivel funcional de sus procesos c a ~ s c i t i v o s ) ,  nds e l  - 
grad0 de transfonaeidn social de 10s mismos (orkentacibn r o l i t i ~ ,  equilibria voli- 
tivg emcimal) y el grado de responsabilidad profesional del  sujeto del accidente. 

LQS accidentes de Aviacidn son causados generalmente por situaefones en las cuales-- 
l a  capacidad del  M i v i d u o  es insuffciente o puede suceder que e l  individuo no pueda 

sobreponerse a una situaeih adversa del medio ambiente. dl cmiderarse l a  aetua--- 

eidn de l a  persona en un aeeiciente o incidente, se evolrian l a s  decisiones y las ac-- 

ciones del individuo en un momnto dado, tenienda en euenta l a  sobrevaloracidn que-- 

existe por parts de algurtos pi lotos  en cuanta a sus p o s i b i l i d a d e ~ ~  conocimisntos y-- 

experiencia. 

E ~ I  cansecuencia debe prestarse surna atencibn a todos 10s factores que pueden ejercer 

influencia subre el personal partidpant@. 

En otras palahas rm solo dek prestarse aten~idn a1 ermr humana, sino tar&i&n a -- 
las razones que cpndicionaran ese error, l a ~  cuales pueden ser rmlltiples;, para mayor 

sirnplicidad Bstas causas se han dividido en tres grupos: Mrmanos, ecdnicos y h b i e n  - 
tales. 

En l a  investigacidn del factor humano el Psicdlogo se deb@ cuestionar mchas intt--- 

rrogantes, como' par e jemplo : 

- ;Se enwntraba ef hombrc en plena capacidad fisica y mental para responder correc- 
tamnte?. En caso negative, ~ P o r  q d  no?. 

- iLa situacidn era 'consecuencia de un estado de fatiga debido a su rCgimen de traba 

j o  y descanso?. 

- ~Tenia ese hombre algdn problem que lo afectara emocionalmwlte, ya fuera familiar, 
social o labbral?. 

- iLa persuna Mia sido debidamnte adiestrada para enfrenbr l a  situacidn?. 
Si as I  fuera: 
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- iQui&n era el respansable de un adiestramfento insuficiente?. Y ;?m q&?. 

- LLa aeronam present6 algdn despmfecto tdclcnico que imposibilitd el buen desenspeno 
de la actividad de vuelo?, En casa afixmat'ivo, ~Cdal? 

Estas son solo unas pocas de las mchas preguntas a indagar brante l a  investigacidn 
de accidentes. 

La Prevenci6n de Accidentes requiere de un trabajo ininterrumpida psicoprofiUctica- 
de steneidn a 1  hombre, can el objet ivo de Prevenir accidentes a incidentes, y de &%a 

Senna preservar l a  Seguridad de 10s Vuelds. - 

Refsrente a 'las hvestigaeioms'cientificas realizadas por l a  Wsidn Mdica de la- 

Aviacldn Civil de Cuba, Bstas se han encaminado a 1  estudio del factor humno nn las- 

difecentes petfiles y puesto de traba j o  de la hviacldn Civil. 

Harems alusidn my breve de algunasj investigacinnes realizadas en nuesim paia y -- 
expondremos c m  primer ejempld un trebajo realizado en el aTla 1988, referen-te a1 - 
"Estudio de l a  Ansiedad en C~ntroladores de Trdnsito Aheo". 

tos objetivos fondamentales de dfcho trabajo fueron 10s siguientes : 

1.- Qmostrar que las  earacterfsticas de trabajo de 10s Cantroladores de Trgnsito- 
Aereo generan estados psiquicos de ansiedad. 

2,- Valorar l a  influencia de Los factores psicosociales en el Sisteraa ATC. 

Uesp&s de un andlisis de 10s resultados obtenidos mdiante diferantes Wcnicas psi- 
ml6gieas aplicadas en 10s dlstintos turnos de trahjo de este personal, llegamos a- 

l a  conclusibn que : 

1.- Las caracteristicas sui gheris de l a  actividad de Control de TrAsito AtJrea, - 
produeen de por'sf altos niveles de amiedad, cmo estado o si tuadonal  en ese- 

personal. 

2.- Los f actores psicosoeiales recogidos en rwestro traba ja ,  qua-.inclulan l a  explo- 

raeidn de las esferas: laboral, familiar y personal, en caso de que existiera- 
afectaciones en alguna de &itas esfers, cwrtribuir5n a criteria de los emues- 

tadas influemias negativas para el trabajo de 10s misms, y por cansiguiente-- 

f a d l i t a n  a incrementar 10s estadDs de ansiedad. 



En dicho t r a b a j ~  se orientaron la5 medidas psicoprofi%icticas a seguir con 10s ATE-- 

en funcidn de 10s resultadas. obtenidps . 

En el ano 1986, realizamos un trabajo con los pilotos de la  Aviacidn Agrfcola para-- 

tos de dicha Empresa. 

Lo= objetivns de trabajo del psicdl~go en esta investigacldn f"eron ids sig;ientes: 

1,- Valorar l a s  alteraciclnes de l a  capacidad de trabajo en 10s difarentas vuelas de- 

- fumigacfbn, a l  igual que en 10s vuelos de distribucidn de publicaciories periddi- 

cas en l a s  mnas rurales del pals. 

2, - Valorar sentirnrentos de inademacidn, tewr y ansiedad en 10s pilotos sue reali- 
zan 10s vuelos mencionados para demostrar si  Tas afectacionea cardiovasculares y 
y las alteracianes lipidicas que se pudieran encontrar, podrian tmm coho base- 

un crigen psfquico. 

Los resultados se obtuvieron a traves de mdicfones psicof~ssfal6gicas realizadas --- 
antes - durante y despugs del  vuelo, arrojando que un porciento alto de pilotog pre- 

sentaron a1 teracidnes en l a  capaddad de traba j o  post-vuelo, obqrvSn&se &ficit - 
con fa t iga  manifiestp en e l  vuelo de l a  prensa,' y un a l t b  grad0 de' ansikdad domo es- 
tada, a1 igual que sentirniantos de f nadecuacidn y temor durante los vuelos de funis  
cidn. 

Oichas alteraeicnes psicoldgicas tienen c m  causales el gran temor que sienten 10s- 

Pilotos en 10s vuelos de fumigacidn, par l a  manipulacidn de 1;s pcoductos tbxicos,-- 
siendo m8s marcado con 10s praductos liquidos que con los sdlidos. 

En 10s Vuelos de l a  Prensa, el factor causal era el tierpa pro1'ongado de vuelo, y - 
las mndiciones meteorolbgicas complejas de l a  zona estudiada. 

Adern& se encontr6 rilaci6n en algunos cams, entre alteraciones l ipidlcas y elect% 
cacdiogrdficas en pilatos con altos niveles de ansibdad latenta. 

En funcidn de 10s resultadcs obtenidos se recmendarbn sugerencias para 10s Pilotos- 
da la &sc>bn AgcImla, cam por ejemplo : 



1.- Se modified e l  vuelo de l a  Prensa, feali~and0 m i 5  esealas en el transcurso del-- 
vuelo con cambigs de tripulacidn. 

5 

2.- m e q ~ o  sistm6ticn y riguros -a 10s Tripulantes de l a  hviacidn Agrlcola, debido 

a l a  manipuladdn de 10s productos tbxicos. 

A e t u a l m t e  un Grupo de bpecialistas de l a  Cwnisidn Mica d"e1a"~viacibn C i v i l ,  e l  
tre ellrls Psicblogos; se eneuentran en l a  primera fase de estudia y conelusianes - 
acerca de un trabajo inveatigativo referente a l a  "Influencia del csmblo de 10s usos 

horarios en las funeianes psicoffsieas del personal. tripulante en vuelos trasatlAntA 

Considerams que Bste trabajo pmlimiw'r, abre un amplio canpo de inirestigaciones - 
referente 61 estudio del Factor bmano; el cual se cmtinuard con una'mbestra de --- 
grup~s myotes, para Ilegar a result& y cwlclusi& finales m i s  definitivas. 



LA FRECUENCIA CRITICA DE FUSION, 
UNA BPERIEPJCIA CONCReTA EN EL MEDXU MRONAUTICQ 

t i c .  Pedro Cabrera Daniel 
L i c .  MarTa d e l  C. Pico Penabad - 

Lic. G i l  da L i m a  Mmpd 
L i c .  Sonia RuIz de Ugarrio 

En sentid3 g e n e r ~ l ,  tzxt3 p g r  13s investigedores, especLelistes 
y &ern& prs fes ime les ,  L38 cueles se deseapefien en el marcs de 

la a ~ l a d  0cu?aci3nel, c2nsidaren el treb~jn &e vuels  llne de las  
c3;rplejas y d i f i c ~ l e s  actividedes deL sex hman3, dedg p=r 

Ea serfle 'de perticaleridzdea p r h c l p a l e s  qne 19' ident LPices; -- 
las c a d e s  c ~ x i e n z e n  desde las  teress que preceden la prepers - 

, b i k  de les neves e6reas para el despegue, stt rgpid3 desp lezg  - 
mleats en el e s p a c i ~ ,  el elevads ritss  de trebejo y precisi;n,- 
1s elevadz tens i in  emcixzzl  qae tree aperejade y qne emente  - 
ante sitwci3nes inesperades, e t ~ , ,  hasta an cn1sinaci;n c3n el 
aka r r i ze j e .  T s d ~  12 e = l  exige un adecaads estedp de salad 91- 

0 

s i c s  y psiqnic~, ecarde csn las exigencias de le menci3mda ac- . 

t i v i 2 ~ 5  vue l s .  

Es preciseaente, ma de 18s tarees priccipeSes d e l  Cectr3 Naci? 
n a L  ds Eedicina de ~ v i a c i i n  de Cabs, la de perfeccianar eL Em- 
men & d i m  de C ~ n t r ~ 1  de Salad G C S )  d e l  p e r s ~ n e l  de vueP3, $3 
cael se ~ s e d e  t r e d ~ c l r  en l a  e1eveci;n de Is ca l ided  2eP e s t a  - 

+ 

dP3 de le capecided Z E  trabzj2 del ys n~mbr&d> pers3ml. 

La ce?ecided de trebej's, ~ 3 ~ 3  es esnseid3, c ~ r s t f t a y e  ma p r ~  - 
pieded icteg-a1 d ~ l  mgznisas d e l  h ~ a b r e  y esti osndieisze$a -- 
p3r ~ ~ ~ 3 3 s  f z c t  3res f i s i ~ l g ~ i c 3 8 ,  P s i ~ 3 1 ; g i ~ 3 ~  y s3cie les  (I]  y 

e u q a e  esl e l  sentid2 ezip:ric3 sa ~ n t i e n d e  c z u  le c e ~ c i d a d  d e l  

h~sbre, pzra r~elizzr csn efectivLliad la activided prLctice en 
bese el bgr3  6e UI 3 b j e t i v 3 ,  er. ~ f l  tiemps deda; existen 'Lnnag 
rsb le s  C=f inicisnes de czpacidzd de trabe j3, c3ndici~nedes a La 
farm de emlizer  y nsdir l e  c e p ~ c i d e d  de trebej3 p > r  83s aut3- 

res ,  

En nuestrz  csntr~, c j s 3  en szs hsn;hg>s de ~ t r s s  paisas; bas - 
trlpuieci~nes de v a e l s  sari estadleacs psr las d i f e ren te s  espe - 
cielidedes aediccs, Les c m l e s  rePle jan crit~riss de a p t i t a d  pa 



re el vueL3; ellas csnstltayen ikaicab3res Indirect~s del nLvel 
de le cepsciciad de trabaj~ del aenci~ned3 personal de vueL3, ya 
que. este  s x m ~ n  tibne la l i .ni tants de reelisarse fu&a d e l  mer- 
c~ 3 d e l  pr3ces3 de le p,r3pia a c t i v i d e d  de v z e l s ,  per3 p3sibL1L 
t a  deteetar ca33bi3s d ~ a d e r ~ s  y ref  erirse a 1  nivel generzl d e l  

estad3 f m c i m a l - d e l  ~rganisma d e l  h~mbre. 

El pr~sente trebzj3 respsnde e l a s  investigsci>nes psic3 fish- 
L ~ ~ L C E S  ,' qke se rezSLzen en nz les t r~  centr~, au-crs~te el X C S  e - 
Ics tripnleci~zes de v n e b s ;  siends el ~ b j e t L v ~  generel de esta 

'investigaci;n, el pzrf e c c i ~ x s l s n t a  de, un sistena de evelsci;n 
d e l  estad2 f aaisrz l  de 13s , p i 1 2  t ~ s  de a v ~ e c i i n ,  a trev6s de bfi 
dicedsres  psic~ljgicss y p s i c 3  1 i s i ~ l ; ~ ~ c ~ s ;  slecd3 el 3bje t iv s  
es2ecff ic3 el esta52eciiient3 de criterias n s r z t i v x ,  pera el 

anglisis de le iiinkxica carticel del referid3 p e r s a n d .  

Pere el esta5leciaient3 de Lzs n ~ r ~ a s ,  hems tamedo e m 3  Lnaicg 
d m  p s i c ~  fisi3l;gie3, Is Frecaencfa ~ r i t ~ c e  de ~ a s i ; n  (FCF), - 
qite p b t i ~ 2 e  & trsvgs del  instr0aent~ Flicker. 

Le, evalaec i in  d~ le. FCF a pertir de3 Flicker, k - s L d s  u t i l i z a b  
pexe e l  diegn;st ic~ de la fetiga, ye que es csnsiderads C D P ~  LUI 

indicsdx vilids y c m f i ~ b l e  d e l  P-ivel de vigilancia, activg -- 
ci;n cartical, aal  ca;~ indicodar precsz de p r x e s s s  p a t ~ ~ & ~  - 
C3S (21. 

13~3rt&??tes P a e ~ ~ n  13s hallezg2s de' ~ r b b e r ~  (31, a 1  encmtrar-  
u a  csrrelacijc signific~tiv~zente p o s i t i v ~  ~ n t r e  le FCF y.Pa - 
a c t i v i d e d  pa icx i s tma ,  a s 1  42393 EoLnerg (41,  Lapierre  ( 5 )  y --- 
Eindaerch (61, 13s e a ~ l e s ,  en investigacL3nes independientss d~ 
mstrarsn, qae p3r z ~ Z i 3  de le e v ~ l a a e i j n  de La FCF, se eviden- 

cia  el efect3  de  l e s  dr~gas e n  le d i d s i c a  de la c5rteze. c e ~  - 
bral. 

E3y &a, es d i f i c i l  le ensencie de le e v a l u c i h  de le. PCP, . en  

aquelLss Uvestig~d3r~s que explic~n la di&eice csrtical y Se 
capecidsd general  d e l  fmc imaa ien t s  de le misxa. 

P ~ r a  el presente e s t  z d i a ,  se esczg i j  la p3bleci;n de p i l o t 2 a ,  - 
qaa paser3n el Z C S  en el p r i a e r  sezestre d e l  ail3 19E9,  @a el - 
CEC~P, l&ei3aal de I i e d i c i w  8e ~ v i s c i j n  de Csbe. De el lss  se - 
exclayersn 13s g i l ~ t ~ s  qae tavlerm eccidentea y preaisas par - 



5 3  r e s p ~ n s z b l l l d s d  ( tgcn ica  da pil~teje) , en un per i sd3  de dace 
(123 aeses antes de le eval=ci;.l y sqael lss  13s c w l e s  se l e s  
deSecter3n ?at 3 h g i a s  3 e f e c c i 2 ~ e s  ae ie aalrrci ea el r e f e r 3 3  - 
&CS; e n  t3t.51 f n e r m  pr3cesed3s 13s resu l tadm de 130 pilst3s, 

Las especial ideZes de 13s p i 1 3 t 3 s  s3rnekid3s e le izvestigeci;n, 
las cmst i twsn  Ics c3ncernientes s l e s  trip:lecilrr?es de a v i ~  - 
nes, n s n 3 m t ~ r e s  (Zlia y AZ-2), tarb3b;lices (AX-24,25 yl 30) ,  - 
t U ~ J - r e z c t  ~ r s s  (Yek-40, TU-154 e 11-62] ., 

B1 iastrti3ect3 utilizeds, el-referid3 Flicker, persite el regig 
t r g  cie le PS7 y se &Pine c s z s  1s frecaencia esl. le qaf; e l  cestg 
Ile3 de LW 1 x 2  d e s z p ~ r a c e  e la v i s t s  d e l  3f 3 ka1923. (2). ' 

.21 nGt~53 at  i l i z e f l  esrresp~nde . e  1,s linites, e>fisis tentes en 
0 

p r 3 ~ 1 e d i e r  ~ 3 b r a l e s  instmtaae3s. 

22 F ~ T ~ E  descertdente, p e r t ~  eg teL sentid3 de ~ I E  fraczencia - 
de 60 Ez, l a  332 epzrecs f i j e  e l  s a j ~ t ~  y en la fri -- 
cuancie dsndk el ~ ~ j e t ,  p e r c h  qae cszLenza a centellear,- 
ae dateraine el velsr m b r a l   EL centellesl. 

- .. , 

dora ACZR 1100 131; c~npetible. 

Observand3 13s r e s a I t a d 3 s  de 13s pilst3s en l a  fama  escendente 
de pres~3tec i ;n  del e s t b a l ~  (ver  Tebla X4 11, se sprecia m a  - 
5 = 36,61 Ez y me S 2 4,55 pera 12s pPl ' s t~s  de evi~nes n?nD-sL 
t3res; m e  X = 36,51 Ez Y la S = 3,76 pera 13s p i l ~ t ~ s  de wvL2 
nes t'urb9-h6lices; 13s p f . 1 3 i 3 ~  de e v i m e s  turbo-reectsres re 2 
fle;ien ma X = 36,34 Ez J 16 3 = 4 , E l .  

* '  ~ s t s s  x ~ s a l t ~ 6 3 s  r e f l e j e i ~ s  en el Grafic3 No I, n x  persliten -- 
e r e o l ~ r  qae 112 existen dlferenclrs sigailLcatives ~ + r e  12s re- 



I 

s n l t e d ~ s  de les diferentes tecfilczs de pil2t~s, 13 c a d  ae eva- 

la c3n 13s uzl3res de  las d e s v i ~ c l m s s  steaders (Tabla NP 1). 

Al evz lazr  3.3s rssaltzd3s de 13s p i b t s s  investiged3s en le 19; 
ae desceniente de presenfaci;n d e l  e s t h a l ~  ( 2 ~ b l a  iTP 2),  a x  - 
' m e s t r e  qae 13s pilstss de a v i ~ s e s  z s n ~ m t  n e s  su = 33,04 Iiz- 
y le. S = 2 , 6 6 ;  para Iss p i h t a s  de e v i m e s  'tsrbo-h6lices, Ea -- 
ib = , 32 ,30  Ez y la 6 = 3,25; siend3 le X = 32,47 Ez y l a  S =3,67 
pars 13s pil~tss de e v l ~ a e s  turb.3-reactores. 

D L c b s  resaltad2s reLlejed3s ec e l  gr&ic3 BP 2, nJs p~rziten - 
aprecier diferencies  n3 aLgnificatLvas, e l  ea te  fsr;la de preseg 
tzci;.z del. es t i s a l2  (S~scendente) , en 12s pil~tas invest i g a d m ,  

1 3  cael  se'  a v a l a  ede.&s,. p3r 13s valmes m y  sisLLares de las - 
d e s v i ~ c i 3 a e s  stead~rs. 

EL pr ixer  anilisis que se  infiere de 13s resa l tadss  alcanzedss, 
es el r e f e r i d 3  e qse asbas f ~ r z a s  de  presentzc~;n del efitinalo, 
(escecdcate y d ~ s c e n d e n t e )  ns r e f  le jen diferencias signif i c e t i -  
vea, en sa p r ~ y e c c i j n  i n d i v i d a a l ,  para d e c i d i r  l a  uti1izaci;n - 
preferente de un3 de e l l33  csn vista a l a  obtenciin de e l e n e ~  - 
tog, qae indiquen c in3  t r e n s c u r e  el p r x e s s  de la di&nica c3g 

, \  b 

t i c a l  en Lss p i l g t o s  de aviaclon, de 13s t ip3s '  de t i c n i c a s  eve- 
l u a d ~ s .  

El aegmds est; r e f e r i d 2  a qae 13s d a t ~ s  pr3cesad3s en esta  in- 
vestigeciin, pernitea eetablecer c r i t e r i s s  eve lwt ivaa  para es- 

te psbleci;n de pilstss, para ceue wm de les do3 fhr~gaa db p r ~  
. sentacisn de e s t i n n l ~  (ascendente y descendente) . 

Si ede.~gs, e s  t 3s resnl tados, 19s ref  erLd>s a Izs medizs 3b t e n i -  

des en ceda m e  de les P ~ r ~ a s  de presenteci;n del estIznlo, l a  
csxgerzz3s c2n resa l tad3s  Prntas  de inves t igec imes  l l evedes  a 
ceb3 en el Institat2 de i;iedicim d e l  Tr.%SeJ3 de Cuba (21, en -- 
~ p e r ~ d n e s  qze sa actividea leb3ral  d i f i e r e n  de l a s  perticalerL 
dedes deL t r e k ;  s de v a e l 3  y qae se obt tlvierm 2 = 30 Ez, nss - 
esti e m f i r m n d s  1 3  ye planteed2 p 2 r  9tr~s e z t m e s  (1) , (7) ; s~ 
bre le iaflnenci~ d ~ l  trebej~ de v n e l ~  en l a  e c t i v i d z d  d e l  sis-  
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RESUME 

Les variations du niveau d'heil au cours d'activitb monotones ont Ct& 
montrges par de nombreux auteurs. Dans le domaine aeronautique au cours de 
vols long'courriers, res variations du niveau d'eveil peuvent avoir des 
rCpercussions directes sur la performance de SCquipage. 'Afin d'etudier les 
variations de vigilance des pilotes et leurs cons6quences sur leurs activitb au 
cours de vols lang-courriers, une recherche sur le terrain a kt& entreprise. La 
methode repose sur l'utilisation de techniques ambulatoires permettant de 
recueillir I'EEG, I'EOG, la frkquenee cardiaque et I'activite motrice des pilotes au 
cours du vol et des escales. Simultan&ment, une observation de la tzche est 
realishe. Les rbsultats de la premlre phase sont pr6sentes. 

AVANT-PROPOS 

Convaincue de I'inf luence des fac teurs humains dans Ies accidents . 
d'avions, la DGAC a demand4 diverses Chtdes dans le but d'analyser le plus 
fineanent possible res raisons des accidents dds aux hckeurs humains. 

Pour cela, il a 4t4 retenu l'hypoth&se que, si l'on excepte les questions 
~sychologiques et l'aspect formation, les facteurs humains interviennent de trois 
faqons diHGrentes : ._ 
- la surcharge de travail A Cviter en certification (erganornie, composition et 

organisation du travail en Cquipage, ...) qui a men6 aux marches relatifs au 
modeIe de charge de travail en Cquipage, passes avec Airbus Industrie, 

- les erreurs de presentation mentale dant I'Ptude Archimtde (Phase I) a fait 
l'objet d'une presentation lors du Verne symposium sur la psychoiogie 
akronautique A COLQMBUS (OHIO), 

- l'hypopigilance au cours des vols long-courriers qui fait l'objet de cette 
recherche (convention DGAC-LAA no 88.52007). 



L'automatisation des postes de pilotage entraine une modification de  
l'activite des pilotes. Dans l'ensemble, ces modifications se traduisent par une 
fiabilit: et une securite accrue. Cependant, dans le cas de vols long-couriers, cette 
automatisation va exagerer la monotonie d u  vol de croisiere notamment en 
modifiant la repartition des r8les entre le pilote et l'avion. A l'exception des 
phases d'atterrissage et de decollage le pilote se voit tres souverit reduit A un r81e 
de surveillance. 

Ces evolutions considerables dans la gestion du vol et dans l'activite d u  
pilote au cours des vols long-courriers engendrent dans un grand nombre de cas 
de baisses du niveau de vigilance. Ceci n'est pas specifique A l'akronautique, et a 
pu 6tre montre par plusieurs auteurs notamment dans le domaine ferroviaire, 
que ce soit sur le terrain (Akerstedt et ~orsval l ,  1985 ; Torsvall et Akerstedt, 1987) 
ou dans des etudes de laboratoires utilisant une tdche de  conduite simplifi6e 
(Coblentz et coll., 1988, 1989). . 

Outre les 6volutions de  la nature de la tdche, les pilotes de vols long- 
courriers sont soumis aux horaires alternants et aux decalages horaires dans le cas 
de vols transmeridiens. Cette situation peut accroitre les baisses de vigilance par 
les perturbations qu'elle occasionne sur le rythme veille-sommeil (Nicholson et 
coll., 1984 ; Graeber et coll., 1986 ; Nicholson et coll., 1986) avec notamment une 
diminution de la quaiite et de la duree du  sommeil. 

La plupart des etudes menees sur le terrain utilisent des techniques de  
monitoring ambulatoire qui permettent de  recueillir des parametres  
physiologiques. Ces etudes ont permis notamment de mettre en evidence les 
perturbations d u  cycle veille-sommeil consecutives aux vols transmeridiens et 
leurs repercussions sur la performance pour differents tests. Cependant ces etudes 
demeurent limitees dans leurs conclusions. En effet, en raison des consequences 
directes de ces baisses de vigilance sur la performance du pilote, une observation 
de  la tBche plus klaboree semble necessaire. Cette observation doit permettre 
d'identifier de  maniere precise les tiches susceptibles d'etre affectkes par des 
baisses de vigilance et de concevoir des moyens de reactivation, en optimisant par 
exemple la gestion des cycles activite-repos (Stampi, 1988) ou dans la repartition 
des tiches entre les differents membres de l'gquipage et la machine. 

Dans le but d'evaluer la variabilite du niveau d'eveil des pilotes et d'etudier 
des possibilites de reactivation ou d'assistance en vol, une recherche a kt6 
entreprise pour des conditions reelles de vol. 

Au cours de la premiere phase de cette recherche il s'agissait essentiellement 
de mettre au point une methode d'etude utilisant simultanement le monitoring 
physiologique et l'observation de la tdche et de  l'environnement du  pilote 
(Coblentz et coll., 1989). 

La methode mise en place ainsi que les premiers resultats sont presentes . 

Vols 6tudiPs et echantillon 

Afin de  rechercher les conditions favorisant la survenue d'hypovigilance, 
huit vols long-courriers ont et6 effectues au cours de cette phase preliminaire en 



privilegiant pour quake de ces vols des vols de nuie, caracteris6s par des situations 
monotones sur des vols nord-sud. Ces vols se sont derouies sur B747 pour des 
rotations Paris-Libreville-Paris et Paris-Brazzaville-Paris. Les autres vols sont des 
vols transmeridiens, effectuks entre Paris-Winnipeg-Paris et Paris-Cayenne-Paris 
respectivement sur B747 et DC8. 

ActueHement, une deuxihme serie d'experimentations est en cours sup 
Airbus pour des vols nord-sud (Bruxelles-Libreville-Bruxelles) et est-ouest 
(Bruxelles-New York-Bruxelles). 

Tous ces vols sont effectues avec des equipages composes de volontaires. 
Dans le cas des vols effectues sur B747 et DC8, les mesures sont realisks sur les 
trois membres de l'equipage (commandant de bord, co-pilote et mecanicien). Pour 
les vols effectues sur Airbus, le commandant de  bord et le co-pilote font l'objet 
d'enregistrements. 

Mesures effectuees 

Pour chacun de ces vols, deux types de mesures ont e t k  effectuees : 
- des mesures physiologiques, 
- une observation de la tiche et de l'environnement. 

Les mesures physiologiques suivantes ont ete retenues : 
- 1'616ctro-encephalogramme (EEG), 
- l'electro-oculogramme (EOG) dont est extrait la frequence des mouvements 
oculaires, 

- 1'~lectrocardiogramme (ECG) et la frequence cardiaque, 
- l'activitk motrice du poignet (actometrie). 

L'EEG et la frequence des mouvements oculaires permettent de mesurer en 
continu des variations fines d u  niveau d'kveil. Ellcs constituent des moyens 
fiables de dktecter des periodes de somnolence. L'EEG est recueilli A partir d'une 
derivation parieto-occipitale droite necessitant la pose de quatre electrodes : une 
electrode occipitale, une electrode pariktale et deux electrodes de terre placees au 
vertex. Cette derivation permet d'etudier notamment la bande de frPquence alpha 
(8-12 Hz) dont les variations sont assez bien correl6es avec les fluctuations d u  
niveau de vigilance (Akerstedt et coll., 1985 ; Coblentz et coll., 1988 ; Torsvall et 
coll., 1987). 

Pour la frequence des mouvements oculaires, deux electrodes sont fixees : 
I'une sur une zone electriquement inactive, la mastoi'de, l'autre A un centimetre 
au dessus de l'oeil. A l'exception de cette derniere, tous les capteurs ont kt6 colles 
au collodion qui assure une bonne fiabilite aux enregistrements de longues 
durees. 

La frequence cardiaque a et6 enregistree au moyen de deux derivations de 
type CM5 (creux axillaire droit, creux axillaire gauche). Nous nous intkressons ici 
davantage A la variabilite cardiaque dont les fluctuations sont likes aux variations 
de l'effort mental (Aasman, 1987). 

La mesure de l'actometrie est realisee A partir d'un capteur de mouvements 
fixe par un bracelet sur le poignet droit des pilotes. Ce capteur comptabilise les 
deplacements A partir d'une detection d'accel6rations. Le parametre ainsi recueilli 
permet de suivre sur des enregistrements de longues d u r k s  le deroulement des 
cycles activit&repos. 



Deux rentrales d'acquisitions miniatuddes diffkrentes ant CtC ukilis&s pour 
l'enregistrement de ces mesures ghysiologiques. L'utilisation de ces deux 
syst2rnes permet de r6aliser.deux types de traiternents : 
- I'EEG, I'EOG et I'ECG sont enregistrb sous fome anaIogique sup uie bande 

magnetique. L'enregistseur utilise est un M~DILoG (MD41, 
- Ie deuxjPrne enregistzeur est une 'ceritraIe d'acquisition numerique (VITALOG 

PM-8). sur Iaquelle sont enregistrees la frCquence cardiaque et I'aetomktrie. 

Les donnties analogiques de i'EEG, de I'EOG et de I'ECG sont nrrmdrides 
afin d'obtenir apres traitements : 
- une analyse spectrale de SEEG dans la bande 0,5-30 Hz sur des periodes de 2 A 60 

secondes, 
- une Gdition des rbul tats sous forme graphique, repr4sentant I'ivolution des 

rythmes alpha, bPta, delta et th&a au cours du vol ; cette Cdition peut etre 
realisee sous Eorrne de puissance abs~lue  el de puissance relative pour les . 
differentes bandes de fr&quence, ou de rapport de spectres, 

- une idition de la fr&quence et de Ia dur& des clignements des yeux, - une analyse spectrale de la fr4quence cardiaque dans la bande 0,001-O,5 Hz avec 
une edition sous forme graphique de I'holution du spectre particuliPremen t 
dans les bandes 0,001-0,05 Hz, D,OS-O,ISHz et 0,243 Hz. 

Une observation de la tache et de l'environnement est effectuke 
paraI1Plrment au recueil des mesures physiologiques. Ces observations 
demeurent le cornplCment indispensable du recueil dcs paramgtres biologiques 
dam la  mesure oh elles permettent d'iliminer de l'analyse des segments pour 
IesqueIs ractiviie physique inkerfbe avec Ia t k h e  mais surtout de caraciPriser 
l'environnernent dtr gilote, son &tat at Ia tdche dans laquelle il est engag& 

Cette observation est rdaliste h l'aide d'une grille de codage anise au p i n t  
lor5 d'4tudes antdrieures IFouibt, 1989) et adapt& aux besoins particuliers de 
cette recherche {figure nO1). L'environnement du pilote est dbfifini par 
l'envirannement operationnel : zone de mntrtile radar, sursfeillance radar, espace 
libre aiasi que pat les conditions mCkbologiques. 

t e s  diffhentes phases du vo!, les procedures engaglfes, les CvCnements 
anormaw eventueb, Ja repartition des taches entre le commandant de b r d  et le 
m-pibte sont dgalement identifib dans cette observation. Les codes et le type de 
communication engas& sont donnPs pour l'ensernble de l'kquipag~. Ceci permet 
&carter les communicatiorts individuel tes de I'analysa et conduik h privilegies la 
communication actueile la plus importante. t'ktat du pilote (veille, iepos ou 
autre} et la tkhe sont par contre identifigs pour chaque mernbre d'4quipage. 

L'kvalualion de la charge de travail du pilote au moyen d'une Cchelle 
subjective d~ type Cooper-Ha~per Bedford Scale, SWAT, ou Airbus, ne pwi E.he 
appliqu4e dans le c a k e  d'une etude de la vigilance des pilotes, car toute requete 
de ce type @st susceptibIe de modifier leur itat. 

Le modPle de prevision de la charge de travail d6veloppk par Airbus 
Industrie (Blornberg et Coll., 1989) peut, par contre, etre utiIis4 sans inconvenient 
pour contribuer A la description Ju contexte de charge de travail. Ce modkle fait 
appel A des rnesurw dc pararn5tres de v ~ l  et de la vaciabilitk cardiaque des gilares ; 
i l  a 4te valid6 au cours de vols de certification en Cquipage minimal sur Airbus 
A310 et A320. L'ktude a 6t4 menbe ggalement au cours de vok moyen-courriers de 
2 heures -Paris-AtMnes- qui ont montrd Ia bonne correspondance entre 
l'&valuation du pilote e t  la prevision. La transposition du rnodele au cours de  



voEs long-cuurriers sur ,4310, en compagnie, n4cesite au preatable une adaptation 
du recueil des paramstre5 de vol, ceux-ci ayant &LC acquis jusqu'h prCsent au 
moyen d'une installation d'essais de leACrospatiale (SystPrne SAMBA) et non sur 
enregistreur de type DFDR. Une nouvelle validation du mod&le dans ces 
conditions de vot, de routine doit etre entreprise prochainement. 

Le recueil des paramgtres est different seIon que I'on considhe le vol ou 
l'ertsembie de la rotation : - au tours de la rotation, seules la fr4quencc cardiaque moyenne et Itactom4trie 
sont recueiUies au moyen du systeme Vitalog. Ces resultats sant utilis4s afin 
d'identifier les phases de repos et d'activite de repos des pilotes et de mettre en 
Pvidence d'hentuelIes situations de privation de sommeii, - au cours du vol, I'ECG, I'EEG et 1'EOG sont enregistres sur enregistreur 
rnagnCtique miniaturis4 MCdilog afin d'citudier les variations de la piriode 
cardiaque, le spectre de frCquence de I'EEG, le nombre de dignements des yeux. 
L'actometrie enregis t r k  sur systeme Vitalog at egalement disponible, 

Vensemble de ces r4sultats esi analyg de deux kqons : . - en fonction du temps, ce qui permet une analyse des fluctuations les plus 
rnarquantes et une identificakion de phases d'hypovigilance secondairemen t 
rapportee au contexts du voi identifig par l'observation et SCvolution de la 
charge de travail, 

- en 'fonction des segments temporeb identifib par I'observation et caract4risb 
par un code de phase de vol, d'activit4 des pilotes, etc... 

Une base de donnee a Q& dkelappk. ElIe va permettre de prbsenter une 
typologie des rCponses biologiques en Eonction du contexte du vol. 

PREMIERS RESULTATS 

Observation tie I'activitc! de l'dquipage 

Les premiers rgsultats obtenus ont permis de mettre en dvidence des 
' facteurs prCdominants influencant la vigilance des pilotes : - la pdriode au cours de laquelle se d4route le vol (de nuit ou de jour), - les ackivitds anthrieures du pilote (repos, decalage horaire, rotations nocturnes), 
- la r4gion survoI4e (zone atlantique a faibIe trafic a&ien, zone terrestre a trafic 

aerien faible ou important). 

Sur le plan de l'observation, les tendances suivwtes peuvent &re degagtes 
(figure n02) : 
- il existe d'importantes modifications dans la nature et dans la dur4e des 

communications selon la phase de vol dans laqraeile le pilote est engage. Le 
silence tend a augmenter au cours du vot et devient prCpondCrant lors des 
phases de croisikre. Par ailleurs, les communications entre les membres de 
Yequipage sernblent &re plus importantes lor5 de vols de jour que lors des vols 
de nuit. 

- les periodes de repos yeux auverts ou yeux fermPs sont plus nombreuses lors 
des phases de vol de croisihre. Parallhlement, on voit une diminutiw assez 
nette de l'activite Iors de ces phases, puis une augmentation lors des phases 
d'approche et de descente. 



Grille de coda& dcs phases lcfc vo1 et des dches de pilotage long-courricr 

1 2 

Phase dt v01 Gtsdon Vol 

0 0 
1h- tax i  1M-Opht 
2 Taxi 2 Bef.Stan U 
I Take-off 3 Engine Stan 
4 Climb . 4  Mt.Srart a 
5 Cruise 5 Briefing 
6 Descent 6 Check-List t' 
7 Approach 7 Final CL 
8Landing 8Starus 
9 Taxi aftland 9 Aum 

0 0 Veilie (Y.0) 
1 CMI PAC Man. I l ecm 
2 CM2 PAC Man. 2 Rcpos (Y.0) 
3 CMI PACF-A. 3 Rcpos (Y.F) 
4 C W  PAC P.A. 4 Pause repas 
5 5 Pause Boisson 
6 6 D e b u t  marche 
7 7 
8 8 
9 9 Autrc 

OAucune . 
1 Dt5f.route 
2 Chgt.route 
3 Chgt.niveau 
4 Evitement 
5 Proxi. Avion 
6 Radio Corn, 
7 Monit.Carb. 
8 Monit.Ttch. 
9 Aum 

'Communication 

0 Silence 
l Equipage 
2 PNC 
3 Passager 
4 ATC 
5 A V S  
6 C".Malatcn. 
7 CD.commtrc. 
8 Assist.So1 
9 Aum 

Etar actueI du codage : - de Pacfivirt dts different5 mtmbrcs de Stquipage, 
- des c~nditiorts du vol et de I'environnement. 

0 0 0 Nonnal 
1 Conh.Radar I CI&, C h  1 hdt 
2 Surv-Radar 2 Clair, Turb. 2 WAmmalie 
3 ESPCC libre J Nuagcs, Calm= 3 hkidcnt 
4 . 4 Nuages, Turb. 4 m n c i d t n t  
5 5 Orages 5 Panne 
6 6 AP, Visit.<< 6 c u p m e  
7 7 7 
8 8 8 
9 9 Autrt 9 Aum 



Etude des cycles actiailt'-reps 

A I'exarnen des trac6s de la IrCquence catdiaque et de l'actom6trie au cours 
du temps, on peut constater que les cycles activites-repos sont aisCment 
identifiables sur la restitution des enregistrements, les periodes de re?os Ctant 
mract6risks par une baisse trPs nette, wire une disparirion complGke pendant le 
somrneil des mouvernents du poignet (figure n03). I1 est possible de cette maniere 
d'objectiver des privations partielles de sommeiI, dont on sait pat ailleurs qu'eI1es 
induisent des somnoIences diurnes err situation monotone et des dkgradations de 
la performance. Les oscillations de la fr6quence cardiaque moyenne sont 
observCes en liaison avec des phases d'activitC physique, du pilotage proprement 
dit, ainsi que pour Ies fluctuations 3 long terme dues aux sythmes circadiens. On 
constate CgaIement une diminution significative de la fdquence cardiaque lors 
des periodes d'endorrnissernent. 

Etude de la vigilance des mernbres de l'kqtripage tie conduiie au cows de 
voIs 

Les pPriodes d'hypovigilance sonk dCtect6e B partir de l'analyse sgectrale de 
I'EEG e i  du dCnornbrement des dignements paipkbraux, h partir des 
enregistrements 6EOC;. 

Les criteres utilids pour earact4riser ces pCriodes peuvent Ctre de nature 
differente : - une augmentation de la puissance dans ia ban& alpha f8-12Hz) A I'EEG, corrCl6e 

avec une modification de la frdquence des clignements des yeux (augmentation 
rapide suivie d'une diminution), 

-. une augmentation de la puissance dans les bandes de frsquences lentes, ddta (1- 
3Hzl ek thaa (4-EId, 

- une augmentation des rapports des rythmes aIphadelta et alpha-Wta, 
- une augmentation de In puissance totak du spectre. 

Un evemple est report4 sur la figure n04 air sont reproduites Ies variations 
du spectre EEG pour un pilote au cours de deux vols transmhidiens. 

te premier vol a &t4 effectue dans le sens est-ouest, le second dans le sens 
ouest-est, aprh une privation de sornmeil l'escale Edur& du somrneiI rhduite a 
4 heuresl. On peut constater pour ce second vol, une augmentation de la bande 
alpha a p ~ b  1 heure 30 de YOI, sur m e  dude de 30 minutes environ, puis apres 4 
heures de vol, pour une pCriode prolong&, de pIus de 3 heures. Le pilote se 
retrouve en etat de veille attentive qu'en fin de vol pour la prbparatioti de 
l'approche. 

Pour le premier vol, les phiodes d'hypovigilance sont par mntre nettement 
moins masgukes, mais on identifie entre 5 heures et 6 heures de WI, une pPriode 
avec une forte augmentation de la puissance dans la bande alpha qui coincide 
avec une phase de repos les yeux ferrnb (sieste-somnolence). 

Cette phase preliminaire a permis d'aborder essentjeIIement les probIPmes 
de methodes liQ aux enregistrements effectub au cours de vols de longues 
durees. Cepend ant, une premiere analyse mon tre qu'il exisle d'importantes 
variations dans les spectres EEG quantifies et dans la frPquence des mouvements 
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oculaires. Des alternances de  phases durant lesquelles les pilotes presentent une 
vigilance @levee avec des phases de somnolence ont 6te observCes pour chaque 
membre de l'equipage. Ces phases de baisse de vigilance ont etC identifikes pour 
des sequences d'activite de surveillance au cours des phases de croisiere. 

Par ailleurs, il a pu etre constat6 une r4percussion des privations de  
sommeil au cours des escales ou sur le comportement des pilotes au cours du vol. 
En particulier la baisse de vigilance parait plus prononcee pour les vols qui 
suivent une nuit avec privation de sommeil, meme si ce vol est effectue durant 
la journge. 

La seconde ktape de cette recherche, qui se dQoule actuellement, porte sur 50 
vols lorig-courriers: L'analyse des donnees sera centree sur I'identification des 
phases d'hypovigilance, la redondance de ces phases, leur interaction avec les 
t%ches et les activites des pilotes ainsi que sur I'effet cumulatif de la monotonie, 
d u  "jet-lag" et de la privation de  sommeil. 

Airbus Industrie participe A cette seconde itape au cours de laquelle il adapte 
le modele statistique de prediction de la charge de travail sur avion de  ligne, 
l'objectif 6tant d'etudier une eventuelle application de ce modele pour les 
evaluatjons 'de la charge de travail des pilotes dans les situations monotones. 

Les resultats attendus de ces recherches devraient permettre d'6tablir des 
recommandations relatives aux horaires, au contenu et A I'organisation du  travail 
des equipages. Par exemple, des sommeils de courte duree avec une periodicit6 et 
une duree dkfinir pounaient &re proposes dans le but de maintenir l'efficience 
de chaque membre de l'equipage. 
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SUPERYISION DE LA APTITUD PSICOFISICA DEL PERSONAL DE WELO 
UN nmIo IHsusTrTureLE DE PREVWCIUM DE ACCIDENES DE AYEACIW 

HETOOOLOGIA DEL CENTRO NACIONAl. BE HEDICINA DE' AVIACION DE MEXICO 

DR. SAMCHEZ SANCHEZ ANTONIO 
DIRECTOR GWERAL DE WEDICINA PREVEHTIVA EN EL TRANSPORTE 
SECRETARIA DE C W W ~ C A C I ~ E S  Y TRWSPORJE. -MEXICO- 

En M ~ K ~ C O  a l  igual que en otros palses, 10s accidentes de transit0 representan 
un gran problems de salud priblica, debido a su frecuencia. magnitud y trascen- 
dencia, y a las repercusiones que de ellos se derivan, perdidas de vidas huma- 
nas, lesiones y secuelas fIsicas y mentales de lor individuos invoIucradcs. - 
admds de l a  dertraccibn o deterioro de 10s equipor de transporte, de 10s bie- 

nes encomendados y de las instalaciones correspondientes; por lo que l a  preve! 
-cibn y control de 10s referidos riesgoz se ha convertido en tarea insoslaya - 
ble del gobierno mexicano. 

En consecuencia y a1 identificar a1 fac tor  humana c m o  el principal wspansa - 
ble en 10s siniestros de referencia la Oireccibn General de Medicina Prevent i -  

va en eI Transporte se f i  j6 como o b j e t i v o  fundamental: "Prerervar l a  salud y - 
la fuente de trabajo del personal del transpotte pSbl ico federal y s~rvicios - 
c~nexos , as1 como preveni r sus r iesgos 1 aborales y enfemedadas pred i sponentes 
a b t o s  para elevar pzrdlelamente su seguridad y la de 10s usuarios de las - 
vlas  generales de comunjcacibn y de Ios biener transportado5 e incidjr en l a  - 
cinservac ibn de 1 a inf raestructura correspond iente" , 

Confcme a lo anterior se establece como accibn prior i t a r i a :  detectrr oportuna -. 
hente padecimientos y por consiguiente ptevenir la invalidez parcial o total e 
incluso la muerte, asS como seletcionar a1 personal id6nec para desarrol lar - 
sus actjvidades laborales con mayor ef icacia ,  ef iciencia y seguridad y. como rg 
quisito indispensable para l a  expedici6n o reval idacidn de la Licencia Fede - 
ral para el personal de 10s diversor modos de transporte. 

Esta Institucibn practica examenes psitofisicos a 10s aspirantes a ingresar a- 
las Escuelas Tecnicas dependlentes de l a  Secretarla de Cornunicaciones y Trans- 
podes -de Policia Federal de Camin0~ y Puertos, Nauticas Mercantes- a 10s as 
pirantes a-irrgresar a laborar en la Secretaria, a1 personal del transporte ca- 
rretero. ferrovlario, &re0 c i v i l ,  y a1 maritimo -que incluye a1  gremio de pes - 
cadores- a s 1  corn a trabajadores portuarins y de dragado. 



ES menester sefialar que para la practica de tales exhmenes, la Direccibn Gene- 

ral de Medicina Preventiva en el Transporte dependiente de la Subsecretaria de 
Transporte cuenta en la cap i t a l  del pais -Distrito federal- con el Centro de - 
Oiagnbstico e investigaci6n - unidad central que dispone tanto de personal es- 

pecializado c m  de equip0 ddico &z a l ta  tecnologia, que permite elaborar lo5 
diagnbsticos con el sustento clinico, de Iaboratorio y gabinete, y en conse - 
cuencia emitir un dfctamen sobre la aptitud psicofisica; ademds de ser el Cen- 

tre Nacional de referencia para todo5 10s 6rganos de trabajo de l a  propia de - 
pendencia-.Dispone asimismo de un Centro NacionaI de Medicinn de Aviacibn -que 

t iene  el o b j e t i  vo especif ico de atender la demanda de exarnenes psicof isicos a 1  
personal tCcnico aeronhutico, l a  investigacibn de f actores humanos en acciden- 
t e s  e incidentes de aviacibn, la inrtrucci6n aemkdica a1  personal tCcnico y- 
el adiestrarniento f isictbgico en camara de altitud a1 personal de vbelo-; una 

Unidad Medica y ocho M b d u l o ~  de Exdmenes Mdicos en Operacibn trbicados en cen- 
trales  y terminales de autotransportes y de ferrocarri les; 40 Unidades Medicas 

' distribuidas estrategicarnente a lo largo y ancho del territorio rnexicancl; seis 
Centros de Medicina de Aviactbn ubicados en algunos de l o 5  principales aero - 
puertor del pals y 52 M6dulos de Exarnenes Medicos en Operaci6n en las termfna- 
les  y centrales de autotransporte de pasaje y carga, en estaciones de ferroca-  

rri les y en recintos portuarios de 10s transbordadores. Adicionalmente cuenta 
con tres Unidader Mdicas Mhiles, una en un vagbn ferroviario y dos sobre - 
t ra i ler ,  con la5  que se 1 levan 10s servicios a1  sitio rnisrno en el que surge l a  

demanda. 

Por otra parte. se impul sa derididamenta la investigaci6n sobre las accidentes 
y otros riesgos de t rabajo  a fin de emitir medidas encauzadas a su prevencibn- 
y control, a promover rnejoras en el,  diseho de l a  maquinaria, equipo y. vehicu - 
10s para que se adecuen a l a 5  .caracterfsticas antropolbgicas del operador - 
mexicano y a proponer en su caso, l a  t i p l f  icaci6n de 10s riesgos citados en l a  
legi sIaci6n respectiva- 

ES de resaiiar l o  prioridad otorgada a tll tarea, toda vez que en el a lud  evo-' 

lutivo de 10s divetsos modos de transporte se ha tratado de obtener ef icacia- 
y eficiencia en la maquinaria, p r o  no slewre en ias condicimes en las que - 
opera el individuo a quien se ha cpnsiderado frecuentemente como una pjeza - 
mas de la rnisrna -cmo un medio y no corn0 un f in -  ob1 igandolo a uti lizar su ca- 

pacidad de ad,$ptaci6n. 

Por eso, colateralmente, se fomenea l a  hurnanizaci6n en el trabajo del personal 
del transporte phblito federal y servicios conexos, para as! ampliarle l a  posi - 
bllidad creativa y hacer d e  su experiencis respeto por su dign idad ,  ya que 
seguramente es gsta una de las mejores formas de .proteccibn contra 10s riesgos 

referjdos. 



Como complernehto a Ias acciones enunciadas, se desarrol lam actividades de pro- 
moci6n para la s a l u d  dirigidas a 1  personal del transporte y pbbl ico en gene - 
ral, tendientes a lograr cambios favorable5 de actitud en el cuidado de su 52 
lud y estilo de v i d a ,  asi como en el ernplec de medidas de prevencibn de acci - 
dgntes y otros riesgos de trabajo, apoydndose con l a  elaboracibn de audiovisua 
les, de carteles, de boletines y de folletos. as1 como l a  transmisibn de irnpac 
t o s  POP radio y televisibn, pramotibn reaIizada en todo el territorio mexica - 
no. 

Dado gue el hombre es y sera el elemento mas importante e insustituible en l a -  
operacibn de 10s diversos modos de tranrporte,  habri qu'e darle l a  prioridad - 
que Ie corresponde. En este sentido la Ojreccibn General de Medicina Prevent1 

va en e1 Transporte se responsabil iza por obl  igactbn y conviccibn, del control 
de lor factores humanor, de todos 105 aspectos medicos del personal tecn ico - 
aeraodutf t o  civ i 1 en M~ico ;  cansidetando l as recomodacioncs que en la mate-: 
ria mite la Organizacidn de Aviaeidn c h i 1  International . y las experiencias- 
obtenidas en visitas de observacibn a diversos paises, ademas del analisis de- 

l a  legi sl acibn respectiva de nw~erosos estador contratantes . 

Afortunadamente el hombre continua siendo el e je  de todas fas act iv idades aerg 
, nmicas, a pesar de los grandes avances alcanzados pot el vigorose crecimien- 

t o  de esta industria, por lo que para intervenir en la prevenci6n.e investiga- 
cjbn de accidentes aCreos, e5 imprescindible l a  interacci6n del hombre con la- 
mbquina y e l  media ambiente. 

El hombre no es perfecto y en condiciones desfavorables puede f a1  lar. La fa  - 
I l a  humana puede estar presente en el disefio, l a  produccibn, el rnantenimiento- 
y la operaci6n de 1s m6quina e infraestructura. 

~l tennino "factores humanos" se ref iere a1 estudio de las variables psicof i s io  - 
lbgicar del personal que participa en la operaci6n del transporte aeronautico. 
prestando atencibn a 12s acciones que condicionen o puedan condicionar situa - 
ciones de riesgo y por t an to  estar relacionadas con l a  genesis de un incldente 
o accidente de aviacibn. 

E5 importante enfatizar que lor accidentes son causados generalmente pot si t u a  - 
clones en !as cuales por diversas circunstanci as la capacidad del individuo es 

insuficiente o a este le resulte imposihle mntrolar una condicibn imprevista- 
y adversa, P o t  lo tanto, a 1  considerar l a  actitud de l a  persona en un inciden - 
te o accidente, deben evaluarse l a 5  decisiones tomadas, teniendo en cuenta I a -  
actuaci6n que podrIa esperarse de o t T a  persona cm cenocimientos, cal i f  icacio- 
nes y experiencia equivalentes y con buena capacidad psicof lsica. 
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Para lagrar avances significativos en l a  seguridad de l a  aviacibn.  es necesa - 
rio tomar medidas apropiadas y oportunas en el estudio de los~factores hurnanos 
involucrados en 10s incidentes o accidentes de aviac ibn;  corm lo'ha rccmenda- 
do l a  Organizacibn de Aviacibn. Civi 1 InternacionaI en su Asamblea & octubre de 

-1986, sue propone a 10s estados contratantes que "cooperen amp1 iamente y acti- 
ven el intercambio de informacibn en lo referente a lor problemas vinculados a 
la inf luencia de 10s factores hurnanos en 1 a seguridad de 10s vuelos de la dvia 

cibn Civil", asimismo encarga a 1  Consejo que "recoja l a  experiencia'de 10s es- 
tados contratantes, a fin de que se utilicen 105 recursos y procedimientos - 
actuales para  llevar a cabo estas tareas con cardcter de alta prioridad". Ta - 
les objet jvos fueron ratif icados durante la reunibn cientff ica que en mayo de- 
1989 efectub la Rsociacibn de Mediclna Aeroespacial en particular dentro de - 
Las sesiones de l a  FAA. . . 

La Direccfbn General de Medicina Preventiva en el Transporte, por. tanto a tra - 
~ $ 5  de su tentro NacionaI de Medicina de Ariacibn realiza accioner tendjentes 
a coadyuvar a l a  prevencibn de incidentez o accidentes de aviacibn, como lo es 
la supervisi6n de la apt i tud  psicofisica a1 personal que interviene en. la ope- 

raci6n, conduccidn a auxil io del transporte aCreo civi 1. 

Para dictaminar sobre la a p t i t u d  psicof Isica es indispensable establecer una - 
adecuada correl acibn entre el perf il del hombre y el perf i 1 del 'puesto, tman- . 

do en cuenta .lor ... factotes presentes en el ambito laboral. 

En Mexico, esta Institucidn elabor6 10s perfiles de pvesto dei personal tecni- 
co aeronautic0 con la participaci6n de Pilotos y Sobrecargos , con 10s respon- 
sables de Aerondutica C i v i  1,  con Representantes de 1 as Empresas Aereas ~ a c i o n a -  

les, as1 como tle las Autoridades encargadas de 10s Servicios a l a  Navegacidn - 
en el Espacio bereo.'Mex f cano. 

.- 
En Medicina Aeronautics algunos de 10s f actores ambientales, coino bien sabemos 
son variables; tal  es el caso de l a  aceleracibn, l a  presidn baromktrica, la -' 
tensibn parcial de oxigeno. de zonas de tiempo, del, nivel acbstico, la hume - 
dad, 10s horarios de trabajo y el stress laboral, entre otros; psr lo  que en - 
10s ex6menes psicof i s icos deben valorarse oportuna y cuidadosamente todos - 
aquellos estados f lsicos y psicol6gicos que se agraven o puedan agravarse du - 
rante el vuelo e interferir con l a  seguridad del mismo. 

En el caso de Mhxica l a  rnetodolbgia utilizada en el Centro Hacional de Medici- 
na de Aviacibri' para l a  pr6ctica de exbnenes psicof ~s icos  integraler es 1 a - 
siguiente: 

- Historia c l  I n i c a  cornpleta con 4nfasi s en antecedentes 1 aborales. 



- Examen oftalmolbgico encauzado a evaluar la agudeza visual lejana, cercc 

na e intenedia, perimetrla, campi'metrla,, senti.do de profundidad, estu - 
dio de fondo de ojo, discriminacibn a 10s colores y tonometrla. 

- Examen otorrinolaringolbgico que comprende valoraci6n cl ipicd de la espe - 
cia1 idad, audiometria tonal, logoaudiometria, timpanometrla, pruebas - 
funcionales vestibulares y estudio radiolbgico de senos paranasales. 

- Examen cardiol6gico: estudio clinico de la especia!idad y electrocardio- 
grama de superficie en reposo, en su caso ecocardiografla y prueba de - 
esf uerzo. 

- Examen neumol6gico: estudio clinico especializado, catastro tordcieo o - 
teleradiografla de tbrax y si se requieren, pruebas funcionales respira- 
torias. 

- Exdmen odontol6gico: estudio clinico especializado tendiente a conocer - 
10s Indices de piezas cariadas, perdidas y obturadas complementando eon- 
exdmenes radiol6gicos. periapicales y ortopantograma. 

- Exdmenes de laboratorio, biometria hemdtica completa; qufmica sangulnea- 
que incluye glucosa, urea, creatinina, dcido Grico, colesterol, triglice 

ridos y 1 ipoproteinas; examen general de orina; serologla para diagn6st i -  

co de sffilis y de SIDA. 

- Exdmenes de gabinete: estudios radiogrdficos simples o con medio de con- 

traste que no requieren hospitalizacibn, as! como ultrasonogrdficos. 

- Examen psicol6gico con el fin de detectar trastornos de la personalidad- 
y organicidad cerebral y evaluar coef iciente intelectual . 

Si durante la historia clfnica o en 10s exdmenes diversos se sospechan - 
otros padecimientos, se solicitan las interconsultas especializadas que- 
pueden ser de Neurologia, Ortopedia, Medicina Interna, Psicologla, de - 
Psiquiatrla y de Cirugia, que se auxilian de 10s ex6menes de laboratorio 

y gabinete que se consideren necesarios. 

Es importante mencionar que, para otorgar la Constancia de Aptitud Psicof isica- 
-Certif icado- a1 personal tecnico aeronautic0 de vuelo es indispensable apro - 
bar 10,s cursos de instruccibn aeromedica correspondientes, en 10s que se les - 
dan a conocEr 10s agentes a que estdn expuestos y cuales son las alteraciones- 
que sufren o pueden sufrir como consecuencia de 10s mismos, asf como las medi- 

das para prevenirlos. Tambien es obligatorio pasar a una sesi6n de entrena - 



miento fisiol6gico en cdmara de altitud, a fin de que 10s usuarios conozcan en 

forma prdctica y objetiva 10s diferentes sistemas de oxlgeno empleados en la - 
aviaci6n, asi como 10s efectos de la expansidn de 10s gases que se encuentran- 

en cavidades orgdnicas, 10s efectos de la hipoxia y de una descompresi6n sGbi- 

ta en cabina, todo ello con la maxima seguridad y bajo estricta vigilancia me- 
dica especializada. 

Una vez concluidos 10s exdmenes se elaboran 10s diagnbsticos y se dictamina - 
sobre la Aptitud o No Aptitud Psicof i sica, correlacionando 10s resultados obte - 
nidos -perf i l  del hombre- con el perf il del puesto, extendiendo en consecuen - 
cia 1 a Constancia de Aptitud Psicof isica correspondiente. 

Se incidk de esta manera en la prevenci6n de accidentes de aviaci6n sdbre uno- 

de 10s elementos causales, el factor humano. 

En sintesis debe enfatizarse que aGn cuando 10s avances tecnol6gicos. nos per- 

mitan disponer de 10s mds sof isticados equipos y tecnicas para el diagn6stico- 

y tratamiento de la mayoria de 10s padecimientos -sobresaliendo imp1antesde'- 

prdtesis y trasplantes de brganos- jamds serdn ni en apariencia ni en funcig 

namiento como aquellos con 10s que nace.el individuo. 

En resumen, resulta imprescindible reiterar que dada la aplicacidn universal,- 

10s bajos costos econ6micos y 10s benef icios de la Medicina Preventiva en rela 

ci6n con la curativa y de rehabilitacibn, se hace imperativo su fortalecimien- 

to y consolidaci6n como alternativa de eleccidn a 10s problemas de salud que - 
enf renta el transporte aereo civi 1. 
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H e n p a B w I b H O r O  npHHRTHR P e D e H H R  0 83neTe H R3bIKOBbnt H ~ ~ O ~ O H H ~ ~ H H ~ ~  

a R m a x e n  H A n c n e r s e p o x  YBA H a  aopo~pone ocrpoea T e H e p *  2 7  napra 1 9 7 7  r o A a  

n p o a o o m n a  caxas ltpynHaa a a  w c r o p w  aenaqnn raracrpa$a ( c r o m c ~ o ~ e ~ s i e  ~ e y x  

caxoneroB I i o n ~ r - 7 4 7 ) .  y n e c m a a ,  no o @ u q n a n b ~ o x y  coo6qexm, 583 s e n o s e s e c i r r r x  

M 3 H H .  

.3a n o c n e A H e e  B p e x n  B  p X A e  C T p a H  a K T H B H 3 H p O B a n a C b  H a y l r H a a  pa6ora no 

HCcJIeAOBaHUk3 n o e e A e H n a  n e n o e e r a  e npoqecce rpyna; B O ~ O ~ H O B ~ ~ M C ~  

H a y s H O - H C C n e A O B a T a b C K H e  I T p O ~ W  no nCUXOJlOrH ' l eCKOUy 0 ~ 6 0 ~ ~  C n e q H a l I U C T O B ,  

MeTOAaM HX 0 6 y ' l e H H ~  H A ~ ~ C T B H I M  8 3 K C T p e X a n b H b E  YCnOBHRX H T.n. O c o 6 o e  



Kacm xe o6paSOM ~ 0 6 u ~ b C n  TOrO,  9 ~ 0 6 ~  STOT B ~ K T  6 b ~ 1  HallCHKanbfan! 

H mrt a~cnr rya~rnroe?  

~ c r e c r e e ~ n o  , f i a n ~ a ~  ~ a c c r @ J ~ * a r l ~ s  He rrpe~eHAyeT Ha HCqepTmBaaatyD 

nm-moTy, ognaco oaa nomT ur)linrTb oeaoaofi JVIR ~blpa6o~an no seR Haquolianbw H 

senoncTsenwhm rtporpam HcureAODaHHU H KaHRpeTHhm p a 6 o ~ m  #oryneHTa~ c 

HopHaTmoaw$. peKnneyqaqHm, pyRoBOAcT8aMH tl npOrpaMnWlU.  TO lcpaHne 

H B O ~ X O ~ H ~ O  $& BRHBL(H0Hlit-K W H H H C ~ ~ B ~ &  PWAOB DACfm ~ B H ~ K O M ~ ~ H H ~ ~ .  



1 . 3  B ~ O P  O C H O B H ~ M  ~ar rpae-  C o s a a ~ u e  ~ a y q ~ o -  O n p e ~ e n e ~ u e  qeneii, 3a~4a9, 
neswii, f&pM H MeTOAOB HCCJ'leAOBaBaT€!J'lbCKUX I7pOrpEUQGI ~eiicTBHfi 
p a b o w  no npo6nene rpynn no npo6nene c n e u m c T o B  B o 6 n a c ~ e  

senoeesecroro +arropa.  
P a t p a 6 o ~ a a  n p e ~ o x e ~ u i h  
no H3aaHHD COOTBeTCTBylD- 
QUX AOKYMeHTOB 

2 .3  n p o n o ~ r u p o e a ~ d  0 ~ 6 0 ~  0 6 0 6 q e ~ n e  o m a  no T ' P ~ ~ O B ~ H H R  K a n n a p a ~ y p e  
B n e p u o ~  o6yse~wn H r r p c + p e ~ o n e ~ a q u a ~  np*r6opa. M ~ T O A H K ~  no 
n p ~ c c x o ~ a n b ~ O ~  Aea- 06ysam1qmcn H n p o b e r o n e w a r l e ~  06yqm- 
T W ~ H O ~ T H  ( n p o + p e ~ o ~ e ~ -  c n e q u a m c ~ a n  w c a  H cneqnamrcTaM 
AauHR) 

2 . 4  Pa3pa60TKa B + $ ~ K T H B H ~ M  HccJIeAoBaHnfl B 0 6 n a c r ~  ' nporpanwbl. O ~ Y ~ ~ H H R  

neToAoB 0 6 y ~ e ~ n R  cne- HOB= MeToaoB O ~ Y Y ~ H H R  neTHoro H AncnergepcKoro 
q ~ a m r c ~ o ~  no K ~ H T ~ P H R M  s n e ~ o ~  ~ ~ ~ n a ~ e i i  H n e p c o ~ a n a  ( B  TOM q u m e  
HaAeXHOCTH AeffTWlbHOCTH AHCneTYepOB YBA CRH, LOFT H m.) 

2.6 P a 3 p a 6 o ~ ~ a  ~pe6osaHwii 0606rqe~ue o m a  no 0 6 3 0 ~  no TeXHHSeCKm 
K TexHHqecKm CpeACTBaM TeXHHSeCKHM CpeACTBaM CpeACTBaM 0 6 y ~ e ~ n ~  n e T m  
H ~ p e ~ a w r e p a n  wfl H ~ p e ~ a x e p a n  H AHCneTqepCKUn cneqn- 
06yseHHfl .anbHOCTRM ( B  TOM P H C ~ ~  

rpeeaxepm)  . 



3.3 npoelr~~pasett~e Aemenb- 
HOCTH (pa3paGorxa T e x -  
nostnr~G p a 6 o ~ ~ ) .  a r m -  
sa% ~ e f i c ~ e u a  B aeapn#- 
eok obf~auoera  

4 . 4  06~TaeEKIc~b  HB ~ & O Y @ M  0606qlqenme o m a  B r. P e u o n e ~ a q s ~  no 
wecfe - HOPnUpOBaHm 0macTH HQpMipUBaRUR HupmfpuBaHm n 0 ~ a 3 a ~ m %  
ycnaee  orppsmqel omylermo17 c p e w  ma oappawwR cpaw na pabo- 
CPeW paboue~ Meet@ %a n e c ~ e  ( a  PCg6une cam- 

neTa w Ha nynxae YBn1. 



5.3 B d a P  P M a  TpYAa 06061qemne o m a  no neTonHKa no hpnm H 
( @ p w  H ~ef0p.i paa- P ~ Y  WYAa n O T W a  MeToftW PaarPYl*~ B 

r p y ~ m l  n nepuon s nepHoA n o n e ~ a ~  H nepuon palom m nrmreaa- 
nonera H A w c T e a  A8lrtypcTsa R ~ U H H  noenenc~lmiil 

cTpeccorbK cusyaq~fi. 

6.1 Palpadorlca &pn yrlera 0 6 0 6 q ~ ~ ~ e  O m %  no Y T O ¶ H ~ H H ~  paoffenon a 
rrposme~mfi qcwrosese- +PKW yqera SBn0805e- ~ B T O M ~ T H ~ H ~ O B ~ U H O ~  cmc~e- 
clcoro bitropa s nepHPA caoro +a~ropa s asro- ne (ADREP) no ysery - 

rrpo~ernes~~ufi (auwqss naTHlrrpo8aHHhK cHcrewax i rpousne~~f i  qenoeesecaoro 
B- O ~ R ~ O S H ~ M  ~ e A c r -  rnna ADREP diaa~opa 
enli) 

6 . 3  CoagaHxie asTonarmaupo- H C ~ ~ ~ O B ~ H K R  B o 6 n a c ~ ~  PyaoBoAeTeo no aeronara- 
s~posamofi cncTem a e T o n a r m s a w H  p e t a  anpoeanno~y w a r y  omn609- 
Y98TQ1 ODH~OSRLK A ~ ~ C T -  O ~ U ~ O ~ W X  f l e f i c ~ t r ~ #  whm A ~ ~ ~ C T B H ~  qenOBeKa- 
snil. e IIepHOA paborn =meHoa a~mnaatefi H oneparopa H shlpa6or~w 

~ a c n e ~ s e p o e  3gA np&ma~~~qec~me nep 

6 . 5  Cosepmene~Bosa~ne 0606qenme o m a  no P e ~ o ~ e w a r l ~ ~  no c o c r a ~ y  
coqu8n~no-ncmonor~se- ysacrw 3 pacutwosa- amq, rrpusnelcaewrx R 
cem neeomoa npn pae- nmw asHayHomw rrpo- pacmenosatrm a s u a w o w  
~ne~osaHHH aeHaqnonmK H C ~ ~ C T B H ~  CneWaJlHCTOB ~ I ~ O H C B ~ C T B H ~ ~  

n p o ~ c m e c ~ ~ n R  8 06-CTH IICIMOJIO$HH H 
cowonorHu 



A E I H H ~ %  THblOPPff tOHmTBICM*fi W Q W W R  WQaBOnmPT 6 R o o p ~ r n b ~ ~ p 0 1 a ~ ~  

~ e f l T ~ b M o c ~ b  cooseercrepqm cnegmamfcroB 1 06nae'~n qaoPeSecRoro b x f o p *  

mwgorton ero noPrmansm c qmba, rwpaooarte 06qm nno6lxoAB H pemennn npa0nem B 

BPIecTe C TeM. taE 6bl q a T E n b H 0  )219 6Wl w o p a 6 0 ~ 8 t ~  O~UHR blOJ(XOa, 

npoqece nponaBoacTsa none-rom e m a r n a a r c s  u3 + ~ ~ I ~ ~ H Q R ~ O B ~ R B R  ~ P ~ O R O S D  apyra 

ROplKpeTHhM S ~ ~ O B @ R ~ - T O ~ W S B C R H K  s t O a C H C T @ H ,  TaKHX K B K :  " ~ W Y O T - ~ B W J I ~ ~ ~ ' ,  

" B ~ ~ H I T ~ S - I O S ~ H O O  C~J(HO'' " A R C ~ B ' F T ~ ~  YBB( - B o r m m e  c y ~ a "  a o m  % - p @ 6 p  

ceoero ocoBoro nomoAa .qoc~men~s bnc eucomco8 prm&38~otna. %Ipw ~ T O H  BCE m a  

nogcmcrem mmT n o m o  slamocBa3a a m  ~ 0 6 0 8  we a f l o c ~ a T o ~ ~ p  CTeneHb 

aesonoPwocase an Tocnoro, cneq&wrec~oro eaamo~e&c~~ars  qmopma e ~ p m ~ 0 8  

3POS, TaR H B ~ ~ ~ B L E ~  a l t P O n O A X O a  YBpaltTepMlYBTfR A$TWTLWO~ tfop06860~f0fi C 

not~qnirt w.noaelecrcoro ~ K T O P ~  ~ a ~ a g o i i  m a  A O A C U C T ~ M  H a  Bcex crqwnx so eoaaatasrre* 

IP & ~ H K U I P O H ~ ~ ~ O B B H H R .  



oprawrauuoHs.mu B O ~ A ~ ~ T B H ~ U .  k n e e  roro ,  opransaauHrr n o m a  nucrynarb aa BTWX 

pte aranax co cegefi qene~artpasnenuofi $ Y H E ~ H & ~ ~  &nn 0 6 e c ~ e ~ e n a ~  nqnexaqero 

R ~ H  accE caoefi T g i i m Q m 4 O C T H ,  opramsaws ~ O ~ ~ C C O B  EO3~p111 

TexnmRH H nodrDTomxa m ee ~ y n l c q ~ n u u p o s a ~ ~ d  mneii r nacTompe npen* 

nanonnsema H O S ~  COJpplaaHHM, YTO ~ q m a m c n ,  B lcoaosnon more. a caanec~~oi i  

ceprn#maay~n rarr: Texnws@c*oro, T a r  R ~mossseC*oro *OnnoHenToa c ~ e ~ e m .  npH 

STOR c e p ~ ~ ~ c a q ~ o n n o k  OqBHlCB l l O w m T b  OCHOBHMe @YHKQAH 

renoee~a-onepatopa, a Tame nomaapHanTRaff RomoHosaa era pa6o~ero  KefTa B 

CpaBHeEIHH C  TO^ padotleii H ~ S P Y ~ K O S I ,  AOTOPBR %TOM BO3HUKasT. 



P o m a a w n  HaYqHbm HCC~G-AOBMKR EEL woNLHyI6eK '8We .%Tanax c owe% 

~ e ~ o ~ o n o  r ~ e f i  oqencm HaneaaroeTH nos s m T  pemHTb cne.qyKqAe a 8qasn. Ha mane 
npoeleTHpOB%HH% - ananma e y r q e c r s m  wmoseaa-Temmseeam cmeTen yrrpssnennn, 

m6op nepcnermewor rexnmecrrsm cpencre, no,qemrponmsie AemenmoeTsr penoasaa n" 

# y m q u o ~ r r p o ~ a ~ ~ ~  T ~ X H H ~ C H ,  pafpa6o~ua OnrHnsnbwoC pexone~aqmii no 

npoemHpoeanw C H C ~ W .  Ha mane rrpoug sonef sa acfn-onaaaff pacnpoerpasmcff wa 

BUamnenHe c~erte~u C O ~ ~ C O B ~ ~ H O C T H  ~ ~ ~ e x a  c T ~ X H H K O ~ ~  I Wan.rqm Pertomesa r.' 

mfi, 8 r a m  ssaoHomepHocrn hpmpo~ami .  J H ~ H H ~  H nammos B uepao~  ~ererran~il; 

a ~ e c b  ate norpe6yercn a6ocnosame adopa  M ~ T O ~ ~ O B  or cpencra 06pems cneqcnarwcla. 

'ITO KacaeTcR neloAaaa oqeHaK AeSTenbHOCTH =re~rone~a-o&~a~o~a,  TO 

lAeCb p a ~ p a b o r a w  n npfweHIIPoTcR: neram CraTHqecaoro H #iuamlrecaoro aHarwPa 

pa6oqefi uarpya KH (mam~) 0 ~ 0 6 i q e e d  CTP y-ypwii nBTDfi ECCCP) , n e r o ~  asalwsa 

qnarrorpann (CUM) n gp. 
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A NEW )3ETHDDfCAL APPROACH OF FLIGHT FITNESS: 

CONTINUOUS IN-FLIGHT EEO ECG AND INFRARED TEL.EYISION RXCORDINQ 

HARDICSAY, 0; and KORODI, F. 

Civil Avlation Authority, Aviation Medical Service 

H-i097 B u d a p e s t ,  G y a  u.17. HUNUARY 

Paper presented at the ICAU HUMAN FACTORS SEMINAR, 

Leningrad.  USSR, 3-7 April  1990. 

Going Into the human factor in aviation, it means to reduce the 

accident rate, because the hum& behavior and performance m e  

c i t ed  as wel l -known the caw& fattoss in the majority of ahcraft. 

accidents .  To l i m i t  the human error, o m  m u s t  f i x %  tmderstmd i L s  

nature .To this  att i tude to human error, fwthermore to five w a r e ,  

it is essent ia l  to change the concepts  of aviation medic ine  

doctors.About this question - Contemporary trends in interhatiod 

c i v i l  aviation medlcjne - has published drSilvio Finkelstein a 

very demanding study in ICAD Bul l e t in  Cdec.1988). 

The object af our presentation, to lnt-r~duce for the semi- O u r  

quite new possibilities for evaluation of flight fitness, m o - e o v e ~  

the reserve psychuphysiolagical capadCy. 

But h a w  up t h e  p l a n s  for our Investigation first w e  have studied 

s o m e  characteristic pofnbs of aircraft accidents, O n  this field w e  

gat a very important a ld  f r o m  XCAO Headquarters, namely f r o m  . 

&.Silvio Finkelstein and f r o m  &.Olof Fritsch. W e  got  S m  ADREP 

request based on s o m e  14500 reports nax stored in the computer. 

These compr i se  some 12000 Accident Data Reports and 2500. 

P r e L i m i w y  R e p o r t s  represenfing accidents to aircraft d o v e  2ZSO 

kg repo~ted to ICAO between 1970-1988. 

The computer was  asked  for accurrences involving fatigue facto*., 

a d  we go+ information f r o m  147 accidents Cfig.i>. 

The yearly distribution did  noG shows any rrwhble  peculiarity, 

howbeit in 87 and in 88 o d y  one case was  reported. 

The monthly accur~ence s h o w s  on the whole equal distribution. O n l y  

in a p ~ i 1  w a s  significant less accidents then the average value. 

Perhaps it would be inte~ersting to krio'w w h a t  is  in the background 

Z f  ig.2>.0n the stacked-  bar graphic t lowe*. p-t represent. 

accidents in the night t i m e  C21.00-09.001 and tb upper parL shows 

the number o f  accidents in daflirne C09.00-21.00>. 



The r a t i o  of  t h i s  two p a r t s :  2:t. 

Invest igat ing t h e  daily occurrence of this 847  accidents,we m y  

observe  a s h a r p  difference between t h e  day C09.00-21.00> and Lhe 

nighL <21.00-09.00> period <%ig.3>. 

The hourly average of accidents:  6.13. I t  is r e m u l e  that. d l  

Lhe values during t h e  day are more favorable t h e n  t h e  average  

value. On t h e  o t h e r  hand t h e  number of  accidents  in  t h e  night 

period g r e a t e r ,  it means W a v o r a b l e  circumstances. S i m i b l y  is a 

s igni f icant  difference between t h e  average value? during t h e  day 

and night  period. 

If w e  keep one's eye on ou r  g raph  we must  observe  i t  has of  phasic 

c h . a c t e r ,  more precise s i n e  cu rve  type <fig.4>. 

In t h e  following l e t  us t r a n s f o r m  t h i s  curve. Now w e  s e e  t h e  a 

graph: n <average> - n. 

So t h e  favorable values are posi t ive and t h e  unfavorable are nega- 

t ive .  O u r  graph shows t h e  24-hour rhythm, where t h e  accident 

frequency much higher during t h e  night period. 

I t  calls f o r  a n  explanation. 

To explore t h e  background o f  t h i s  observa t ion  is one of  t h e  most  

important  t a s k  of  aviat ion physiology. 

In t h e  following let u s  c la r i fy  some c h a r a c t e r i s t i c  of  human body 

. rhythms. The most  common o f  t h e  body's rhythms is t h e  circadian o r  

24-hour rhythm, which can be  re la ted  t o  t h e  ea r th ' s  r o t a t i o n s  

time. This periodicity is n o t  qui te  t r u e ,  however, because 

experiments ca r r i ed  o u t  i n  temporal isolat ion,  t h a t  is, where all 

t ime cues  have been removed, have demonstrated that what 24 hours. 

  his va r i e s  between individuals and is usually i n  t h e  range 24 t o  

27 hours. 

A t ip ica l  example of a rhythmic sys tem is o r a l  t empera tu re  

<fig.5>. 

This t empera tu re  r i s e s  during t h e  day t o  reach  a peak during t h e  

evening, with e x t r o v e r t s  and evening types  tending t o  reach  a peak 

a little l a t e r  t h a n  i n t r o v e r t s  and morning types.  I t  will be s e e n  

t h a t  s leep  n o r n d l y  occurs  when t h e  t empera tu re  is falling and 

waking occurs  when it  i s  r is ing.  

Numerous experimental programmes have now been car r ied  o u t  which 

show t h i s  t o  be t h e  case.  The ac tua l  form o f  t h e  curve is 

task-dependent, nieaning t h a t  is w i l l  vary  according t o  t h e  t a s k  

<fig.Q>. 

I t  is impor tant  t o  understand that t h i s  reduction in  performance 

during c e r t a i n  p a r t s  of  t h e  24-hours is n o t  t h e  r e s u l t  of s leep  



deprivation, but 'Ls an e n t - i r d y  s+paa+e p e r f ~ m c e - r e d u c i n g  

factor. While this is a n a t ~ d :  rhythm t k f s  is not- to say that it. 

is immune f rom ex te rm influence. 

P r ~ c t . 1 ~ 1  w i i l  raise and flatten the . curve, w i u  heightened 

motivat-ion OF increased =Wort. f e r s o n a l l L y  bif f e~ences J of 

introvetsion and extroversion w i l l  shift the curve to the left or 

right Itig.7>. 

The r-r of oscillation, that. is, the difference bebween &he 

-mum and +he minimum performance scores w i b h i n  a cycle,  is  d s o  

task dependen+. In tests with certain s h i f t w o r k e ~ s ,  it hats been 

shown to be ss: high as 3040%. It tends to be greater w i t h  complex 

than with simple tasks. 

The loss of performance e k i n g  f r o m  thls natural rhythm, may 'be 

greats* than e m  testify Chat 'on a 1 0 ~ s  fligh% w u e h  encompasses 

the normal night% sleeping period, a ta3sk may be done mare 

efficiently after the normal ' w a k i n g *  day periad bsgirzs than 

during the preview 'sleeping' night phase. T h i s  fs experienced 3s 

s p i t *  of sleep drfidb w h i c h  is aceumulaLing. 

To evduate the r f f e c C  this phyxrfologicai circumstances the Best 

method i s  the continuously rnultichmnel w a k m a n  reconding. 

For mrrlkicharmei EEG, ECO and other p-ameterr w o r k  w e l l  the 

MediKo$ 9- s m t e m ,  p ~ o d u c d  by O 6 o a d  rnc.&ngmd. 

O u r  data were registered during G h e  night flight on the beard the 

aircrafts types Boeing 737-200 m d  TU-154. 

Fig.8. present. the v e r y  mdment when the captain enters to sleep 

mixed f requ~ncy and decrezeing alpha w a v e s ,  at the CSme 3'.4P.Oi in 

OMT on the rou+e Tel-Avfv - Budapest at flight level 310. During 

t h e  next 25 an. we registrated a nap which cover= +he stages 

of sleep.  

For these wh-e m~mal nigh's sleep is m e c e s s s i l y  broken, the 

ability to nap would see to be an asset. The nap is mat. s imply  a 

miniature version of a normal sleeping period; t h e  stages of d e e p  

w h i c h  occur during sraps depend on several factors, one a f  w h i c h  1s 

the time of b y  st which the nap 5s take* 

It a p p e w s  that the pestorative effect of a m p  varies b e t w e e n  

individuals: w i t h  those  who  h a b i t u y  take naps a p p e ~ i n g  to 

obtain more benefit than nonhabi+d mppers ,  w h o  s o m e t i m e s  

per form worse aftgr a nap. 

The appUcatibn of naps to the U f e  of the long-distanse air 

travellop is irnpo~tant.  Before a long. might flfgbt m y  wii l  t ~ y  

to obtain some sleep,  though the success achieved varies widely  

between indivf&ds. 

Microsleeps -e very short periods of  s l e e p  lastfry from a 

fractian o f  a second up &a t w o  or three seconds. Although t h e i r  



ex i s t ence  can  b e  confirmed by EEG r e co~d iwg ,  t h e  person  is n o t  

general ly  a w w e  o f  them. This  makes &he phenomenon p ~ t i c u k w l y  

dangerous.  They have been shown i n  tests t o  c o r r e l a t e  with per iods  

o f  low performance and t h e y  occur  mos f r equen t l y  $wing  condi t ions 

of fa t igue .  FQicrosleeps a-e n o t  helpful i n  reducing sleepin3s-s. A 

nap o f  n o t  less t h a n  t e n  minutes  a p p e m s  t o  be  nece s sa ry  f o r  s l e ep  

t o  be  r e s t o r a t i v e .  

Howbeit a nap could be r e s t o r a t i v e ,  n e v e r t h e l e s s  this r e g i s t r a t e d  

s i t u a t i o n  has had a remarkably danger.  When o m  cap t a in  awoked t h e  

second p i lo t  began descending and t h e  f l i gh t  level  w a s  200 Cfig.9) 

I t  is self-evident ,  i n  that s i t u a t i o n  w a s  seduced t h e  r e s e r v e  

capac i ty  of  t h e  crew. 

Fig.10 p r e s e n t  pulse  p rof i l e  o f  a f l i g h t  engiheer .  The f i r s t  cu rve  

shows t h e  diurnal  pulse p ro f i l e  of  a normal daytime a c t i v i t y  and 

n igh t  s leep.  The second c u r v e  p r e s e n t  &o a diwnal pulse p ro f i l e  

b u t  after a normal daytime wakefulness,  he  performed n igh t  f l i g h t  

on t h e  r o u t e  Budapest - Cairo - Budapest. The n a t u r e  of bo th  curv-  

es are t h e  same,  like a s i n e  wave. 

The pulse  p rof i l e  during t h e  d g h L  f l i gh t  is remarkable  s h i f t e d  

upward, b u t  t h e  s i gn i f i c an t  bradycardia  which is cha rac t e r i sL i c  

f o r  t h e  n igh t  per iod occurs  during t h e  f l i g h t  t ime  too .  

I think it is enough pe r sua s ive  t h a t  t h e  du ty  and t h e  pre-  and 

p o s t  f l i g h t  relaxing t ime  need a spec ia l  a t t e n t i o n .  

THERMOQARPHY 

The i n f r a r ed  thermography is an abso lu t e  non-invasive 

p inves t iga t ion  method. I t  he lps  t o  r e g i s t e r  t h e  i n f r a r e d  r ad i a t i on  

o f  a given t e r r i t o r y  continuously. The infa3ed r ad i a t i on  of  t h e  

s w n  is a r e f i ned  index o f  t h e  vege t a t i ve  status. The v e g e t a t i v e  

nervous  sy s t em governs  t h e  func t i ons  of  t h e  organism through  t h e  

smooth-m&cle innerva t ing  o f  t h e  blood ve s se l s  and t h e  glands. 

The thermograms w e r e  made f rom t h e  monitor  o f  an AQA 750 

thermovision. The p i c t u r e s  analysis were  made f rom poin t  of  view 

o f  Chteral d i f fe rences ,  t he rma l  i n t e r v a l s  and i n t eg rog rams  by AQA 

thermocomputer .  

A f t e r  some experience w e  can conclude that t h e  b e s t  p a r t  o f  t h e  

human body, t o  demons t r a t e  psychic load is t h e  face ,  because no 

s i gn i f i c an t  muscle work alternates t h e  i n f r a r e d  rad ia t ion .  

W e  s t a r t e d  o u r  i n f r a t e l ev i s i on  measurements  on a ve ry  impor t an t  

f i e ld  of t h e  t r a i n ing  o f  p i lo t s .  Namely a t  t h e  TU-154 f l i g h t  

s i m d a t d r  a t  Ferihegy Airport .  

Before s imula tor  f l i gh t s ,  w e  c a r r i e d  o u t  medical examinations t o  

e l iminate  a c t u a l  i n t e r c u r r e n t  i l lnesses ,  which can  perhaps  be  

accompanied by f eve r .  W e  could make ou r  measurements  without  t h e  



least disturbing the pilot. W e  put Che camera outside the cockpit 

and w e  took our pictures t h ~ o u g h  the open window f r o m  a distance 

about 3 meters. 

W e  made t h e  evaluation w i t h  the help of integrograms, using BOA 

thermocomputer. W e  should Like to d e m o n s t r a t e  this methqd that. 

seems advisable to use and work out in details. 

On the l o w e r  par+ of the s l ide  w e  c9n see the color distribution 

of t h e  marked area. The h o t  eolors are on the right. side. 

The thermovision pictures of a 38-year-old pi lot  - w h o  has a great 

experience in f l ight ,  about 7000 f l y ing  hours- w e r e  made in t h e  

f a U o w i n g  order: 

SLide 1: before the t a s k  . 
Slide 2: after the 4th turning of the 2nd traffic pattern 

Slide,  3: after t h e  landing from the 2nd traffic pattern 

Sl ide  4: after 'tho 4th turning o f  t h e  3nd traffic pattern 

S U d e  5: after an overshoot 
S U d e  6: after landing f r o m  the 4th traffic pattern. 

A detailed analysis of this pictures, car! clarify the increase of 

syrnpatlcotone in optimaL case is proportionally w i t h  the 

difficulty of t h e  t-k. 

P i c t u r e  5. w a s  taken S t e p  an exceptionally difficult. flight situ- 

ation when bhe -ding had to be incerrupted because Coo m a n y  

disturbing factors and the flight could be continued with oversho- 

oting. AfCef the flight. w a s  f inished the stress in the organism 

stmts mel t ing  and normalising of the infrared radiation on -all 

parts of t h e  face. 

On the other hand, and e x t r e m e l y  exciting. stress, meaning actually 

overloadng the pilot, cause decreasing o f  idraradiatfon and a 

left shift on the integrograms. 

I think, in the civil aviation w e  m u s t  attach more imporLance to 

the human factors, but  we m u s t  is emphas ize  = wel l  in o w  

sur~aundings. 

For example, I am sl ightly unhappy looking on the symbol of our 

seminar. O u r  artist made a conceptional design error. Shehe had 

given a shaFp and ruling color to the aircraft and a meaningless 

grey color te the man, on sp i te  o f  tlrat aviation i s  by the man - 
for the human. 
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Fig. 5 The circadian rhythm of oral temperarurc 
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Fiz. . '. Human performance af various tasks varies during thc d q  with a rhythm that after. 
tends to correspond with that of budy tempcnlure (Fig. 3.1). Tkis varjariun i s  i l;  addition to 
a w  effect from slm deprivation (Klein ef al, 1972). 
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Bthavioutat performance rbphrns can be modified through various factors (Klcin ez 01. 
976). Ff ga7 
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Towards design-induced error tolerance 
J.J. SPEYER, Fjlg ht Diviakn 

Airbus Industrie, Blagnsc, Francs 

1. System-Induced errors : human factors 

Current aircraft control and monitoring systems have reached unparalleled levels Of 
reliability and redundancy. The success of the integrati~n and evolution process 
achieved through systems' interfacing and advances in technology su~gested tire 
hLjrnan operator in the safety jocp, a goal long sought in suggest the eventual iwlu- 
sion of the profession (I). 

Emphasising the necessity to consider human factor issues in a broader s stemic Y context was an early paper by Wiener in 1977, titled "Controlld Flight into errain : 
System-Induced Errors" (2). the Contradiction suggested in this title aims to indicate 
the difficulty af integrating two levels of system management : aircraft control (inner 
loop) and arrcrafl monid~nng (outer Isap), 

In the aviation transport area alone, some 75O!0 of accidents are catalogued as pilot 
error, the remainder being evenly split between purely technical and environmental 
causes. Wiener makes the point that a ma'ority of these accidents are design-indued, 
referring to human engineering concepts Iz), air traHipconflol(3) and automation (4). 

Stressing the failure of the human factors profession to play a more significant role in 
the design process, he addresses the following interface aspects : 

- vigilance problems and crew overfoad/u~derload - inadsquats workplace design and extra-cockpit communication - faulty pilot-controiler communicatian and crew coordination 
- unadapted, excessive or wrong automation - unheard or canceHed warning devices and visual illusion - confusing terminology and char%. 

Politics aside, this authdr, also a pilot and management scientist, took a critical view 
of the systems design of air traffic control and, considering the long-debated issue of 
collision avoidance systems, confined himself throughout a series of papers to the 
topic of Cockpit automation, its promises and problems (4). 

The central issue was taken to be that it is highly questionnable whether systetn 
safety was going to be enhanced by automating tasks and functions normaly perfor- 
med by the pilot. 

70 llustrate their qualms, Wiener and Curry examined a numbef of aviation accidarlCs 
and incidents and the r~ls of automation in the causal chain towards breakdown : 

- failure of automatic e~uipment - automatian-induced error compounded by crew error - crew error in equi~ment set-up - cfelr responsa to a fafse alarm 
- farlure tc pay attention to an automatic alarm - failure to manrtaf - ensuing loss of prafici- 



FIGURE 1 - MOPllf QRING VERSUS CONTROLLING 

Table 1 
Wignor and Curv recommendations on automation 

I) Spibrn under9kexnbablllty lo !adlitate owretion and md!unctlon dlagnoas. 
2) Automatic system to perform funcrlons In the way the operatar wonts them to be dons. 
3) Task demands to remaln at masonable Ievets to ensure avarlablb Ume for monitaring. 
4) Training so a5 !a us4 nutomatlon a3 an addltlonal rPSCUrCe. 

51 tWm#on& to allow more or Tes% automation according to omator style, dasires and needs. 
61 Overell system insens~tivity to different opttans and s:yles of opwation. 
7) tndspsnesnt mt-up and error-checking equipment/proeedurea to be availakle when appropriate. 
8) Extensive training ea BA8Uw W P  aperation, set-up, anomaty det~tion.  djagnoet em trwtmenr. 

91 Upemtar training, rnot~vation and evalurntlcn ot me~rtering activity. 
PQ) QP~rata i nvs lean t  smdd be mmagad ro twa dl81mcllon by provding rn~aningful prlrnaly 

tkwk9. 
14) Alarm ntm to be kept within acceptable limits. ' 

42) A I m e  to lndlcana conditions repgneible for IRbii dlsptay. 
13) Provision of ways md mews to diagnose the autamatlc system and warning eptbm opwation and 

al~rrm velidiifeg when eutqrnatic msponee, ttms IS net critical. 
14) m r w  of m ~ r g m c y  to be ind~cated by level of lrrsancy d alarm. 
15) VndeMandaBiliQ 01 alees and cornbinat~ons of dens t h ~ u g h  trolning twhniqum md hardware. 



This is the controlling versus monitoring issue again, the distinction between automa- 
tion of control and automation of monitoring being represented by two ort,hogonal 
dimensions as illustrated in Figure 1. 

Should the pilot monitor the machine or should the machine monitor the pilot ? 

A recurrent theme, the implications with regard to design philosophy for control and 
monitoring system being (4) ; 

- that the designer must ask to what extent the human should be included in the 
inner and outer control loops and to what extent automation should assist him in 
multi-attribute decisions, 

- that the designer must consider the single channel behaviour of the human and the 
integration of the numerous devices, alerting and warnlng systems and conditions 
to be monitored. 

Said Don Engen, former FAA administrator, at the SAE in 1985 (5) ."Human tole- 
rance to poor design can be high.until routine operation commences, then the 
tolerance level will decline in a random fashion, usually when least expected, and 
always when not wanted ... The answer for the best system lies with highly compe- 
tent test pilots and design engineers who provide systems free from error '. 

The classic misnomer "pilot error" is giving way to a more cautious consideration 
of the underlying factors in pilot behaviour (6) (7). 

2. Design guidelines : rules and philosophies 

Few fundamental guidelines are available in the scientific field of human factors. 
They all appear to come "a posteriori" illustrating that this activity is an art in infan- 
cy. 

Except the general guidelines of Wiener, Curry and Wanner, we are still short of 
standards sought by the industry (8) (9) (10) since it is still evolving at a rapid pace. 

Wiener and Curry conc!ude their survey of cockpit automation by proposing 15 
recommendations for designing and using automated systems (Table 1). In need of a 
philosophy regarding automation, Wiener has persistently advocated the respect of 
at least three (4) (1 1) : 

. to allow the crew more freedom to fiy the plane and use automation in the manner it 
wishes, but surrounded by a multidimensional warning and alerting system that 
informs the crew if they are approaching some limit ; as long as within the limits, the 
crew would have freedom to conduct the flight according to its style ; this concept 
of an "electronic cocoon" is called flight management by exception, 

. to use forecasting models and trend warnings to predict a penetration of the 
cocoon rather than waiting for it to happen and alarms to be activated when the 
system reaches a critical point ; in order for the crew to have maximum control of 
the situation, values for the forecasting parameters could be selected by the crew ; 
this concept is called exceptions by forecasting, 
to allow the crew to Inform tne machlne of 11s strategic goal or intention wnlcn 
would allow the computer to check crew inputs and s stem outputs to determine if 
they are logically cons~stent with the overall goal ; I Y not, an exception message 
would be issued ; this concept is called goal sharing. 



Wanner's pilotability rules 

1) Useful information Is necessarily pertdning to the functicning polnr and Its posltfon rdatlve to corrss- 
ponding I1mik. 

2) Infc,mation diWicuk to interpret or Implying the execution of complex mental processes muat be 
avoided. 

3) AII useful infomet!on nneds to be prwlded, excesstve or useless Inforrnatlon muOt be avoided, 
raUundan2 informatton must only be u6ed to perform reasonableness chwh. 

A) Information Bilowln rorecasttng/entrapoleticn ot funcloning porr movements needs to be prow- ! ded. paRltularly wit regard to longer-term prW$ss control and strateg~c antic:patlon. 

5) Ylglanca retrieving anb meentngfut state information must be provlded even w~th stable/routine 
eontroi ana management condit~cns. 

61 Wmla. audible and understandable slams nsed to be provided so as not to remain unattended by 
the owrator ; thew number should be limited to tho$& strrctly nacesary usin logical hierarchisation, 
mution an. wsrning al lirn~t arcwances and prcper relec!ion d inresnoid knits. 

7) ?he number of actlons 8hoJd be limited but crose-loooed for fmiback since om-loop tasks are 
Innately if not e~ceedingty difficult to monrtor : actions should always prepare tacucs and strategies 
dewding an the undontanding of rsy~tem sfate and evalorbn. 

8) The use am usefulngss of levers must be addrwsed wniully. 

Developing his argumentation with q e r d  to human factors and flight safety, Wanner 
[12) considers three classes of incident that may be playing a causal role in aircraft 
incidents or accidents : 

. pllotabillty lncldents whereb the crew erroneous1 allowed the functioning pgint 2' 30 atray outside the authorize envelope with difficu r t or impossible reversion, 

. perhrrbaflon-sensltIvIty incidents whereby external perturbations (windshear) or 
internal perturbations (failures or fire) let the displaced functioning point go beyond 
limits, whet her limits after perturbations are new or unchanged, 

. manoeuvrablllty incidents whereby the execution of a procedure (to modify tmjec- 
toq or a v ~ ~ d  obstacle) and the displacement of the functionino ~ o i n t  as a result of 
incidents of the two preceding types brings the resulting funccdning point dose to 
or past its limds. 

"he goal of safety rules is precisely to lower the probabilities af occhrrence of these 
three types of inctdent. 

Wanner identifies five basic human attributes that allow him to derive a set of propo- 
sed design rules mainly covering pilotability incidents : 

. single channel behaviour or functioning by the operator implying sequential work 
procedures, 

need for information input and drive for forecasting and extrapolation of events and 
situations, 
possibility of bertormance compensation by increasing.workload to cope with 
higher task difficulty, 

, use of menral representation moael whether stilt learning or experienced, 
. inability to estimate risks reliably in any given situation. 

Wanner proposes eight pilctability rules to alleviate incidents of that type Fable 2). 
Perturbation-sensrvity and manoeuvrability rules are, in his view, easier to establish 
since they do not implicate the human owrator as such but rather system radun- 
dancy and intqrity and operational knowledge of mission and environment, 



As will be seen in the followmg paragraphs* these "a posteriori" rules and philosophies 
are finally not too far from the operat~onal orientatlor! that has inspired the funcfionzl 
layout and organisztlon cf our new cockpits and associated s stems. Design berng 
an inextricable exercise of compromise, arl and science, any "1 id leRre'* conespon- 
dance should howeve, not be expected "a pr~ori". 

3. New technology : pilots and facts 

In falmess fo all, Wiener admits in a later paper (13) that the negative sida of automa- 
tion should not be overstated. The number of automation- or design-induced inci- 
dents brought about by new technology aircraft has beerr verj limited and their 
consequences very small. In 1982, Gannet (14) stated that "the final taport card on 
the results of the most recent application of digital technology and human perfor- 
mance pr~nciples to air transports wiit not be avaiiabla for several years. It is firmly 
believed that, in the long run, the benefits far outwelgb the costs". 

In 1986, Caesar (15) stated that, with 8,000 big jets built so far, the average loss 
percentage since 1959 was 3.8%. Among these, was not a Single af the so-called 
electronic cockpits llke the A300FF,.A300-600,, A310, 757, 767 or MQ-80, then num- 
bering 800 since being gradual!y int:ocfucscl from Iete 1979, 

Most automation works with extremely high mllability and pilots ere ve satisfied 
with new control and monitoring interfaces (16,17,1a,19) when compare 8 to former 
equipment. The "good old days" fallacy is even repeatedly discredited with recent 
incidents and accidents having occurred on earlier technology aircraft (2Q,2 I, 22,23). 

Mast crews interviewed in field studies expressed hi h praise for the new "glass 
cockpits" which provide "a more dynamic source of in 3 ormation and greater aware- 
ness of the aircrafi with respect to !he cperating environment, making conventional 
electromechanical cockpits obsolete" (1 9). 

- According to Wiennw and others, incompatibility with the air traffic cdntrot system 
limits the usefulness of modem flight management computers. The ATC system, 
designed for the slow climbs and fast descents of older aircraft, forces new ones to 
routinely use speedbrakes for descents and prevents effective use of the flight 
management computers' for vertical navigation. 

- Although this tends to disappear with experience, some pilots have the impression 
that higher monitoring and programming demands associated with the flight rnana- 
gemen: and guidance systems may force them towards more head in the cockpit 
time and less availability far extra-cockpit scanning in terminal weas. Some others 
may. in turn, be concerned about losing their classic monitoring scan and manual 
flying skill from over-reliance on the automated cockpit and resist this "compla- 
cency tendencyH by self-imposed flying programs and training exarcisos to main- 
tain proficiency. 

- All f 7 pilots and obsenrers that paniciwated to the A310 crew complement certifi- 
cation (1 8) volunteered to answer an anonymous questionnaire Or1 the quality of 
the man-machine interface. As a group, these pilots appeared to cover an expe- 
rience-lever corresponding to the opetation of almost all commercial jet abcraft 
introduced ta that period.ln answering the questionnaire, pilots were asked to corn- 
pare the A310 with the aircraft they considered most representative of their expe- 
rience. For each question a scale from 1 to 6 was presented, the 1 showing low 
appreciation, requesting improvement, the 6 showin high appreciation, recogn~zing 

issues with regard to : 
f high quality. This questronnaire covered the who s spectrum of aircraft design 

. functional grouping of instruments/ controis 

. general presentation of flight systems information 

. crew cornforl 
, overhead panel layout 
. PFD information presentation, speed scale, mode annunciators, etc. 



. ND information presentation involving Arcmode, Map mode, Plan mode, Radar ... 
, ECAM information presentation involving warning dlsplay, system display. etc. 

FMS control and display unit, manipulation, pagination, etc. 
, AFS flight control unit, autothrottle operation, thrust rating panel, autopiIot /flight 

director procedures, etc. 
. checkli9ts and procedures 

. outside appearance/mechanical ergonomy 
' . tasksharing and worksharing 

, workload and error-inducing potential 
. intelllg tbillty of hardware / procedures / mental ergonomy, 

More than 75% of ail questions received very high marks in the appreciation scale- 
range of 4 or rather 5, pilots refrainin from making extreme position judgements. 
Where some improvement was desira le for the future they felt free to rate in this 
direction. 

% 
Examples in this area concern seating, software, procedures, use of space on the 
cverheao panel, FFV.iniormaiion, attention-gening capab~iity of some alarms on the 
PFD and on the ECAM, ~nterpretation of error messages on the FMS, homogeneity of 
abnorrnal/emergency checklist with €CAM WD. 

This provided a tremendous and aften too-scarce opportunity for us to do some 
homework having learnt throughout the years that more contact was going ta be 
necessary to listen to and understand the pilot community. A Step in the rlght direc- 
tion was prompted by the crew complement issue. 

4. Cockplt management : errors and resources 

From the obsewation of errors in our A31 0 crew complement certification campaign, 
it was concfuded that their mere existence - mast having been minor siips, blunders, 
mishaps and problems in resource management or insufficient familiar~ty with the 
aircraft - made possible to establish learning loops (18). Some of the recommended 
improvements concerned operational procedures and the training syllabus with parti- 
cular smphas~s on system knowladge and insight. Specif~c operations engineering 
bufletins were also issued for ECAM, EFIS, FMS and engine monitoring. Special care 
was devoted to undarstandabte tasksharing in the cockpit smoke or fire procedure. 

Analysing newly trained crew's errors revealed that most of these related to procedu- 
. res/checkIi$ts and navigation. with autoflight and tasksharing taking a minor share. 
No direct relationship could be establ~shed between test scenario difficulty and the 
number or importance of errors. The succession of failures and problems embedded 
in the simulator and flight scenarios never brought Crew3 to such warklcad levels that 
they could but commit errors, one of the underlying verificat~ons in carrying out these 
tests. Which underlines also the tolerance of tha system with regard to varlous blun- 
ders, mistakes, misperceptrons and omissions. 

Not unrelated to the fact that this area was considered too speculative until recently, 
a majority of airtine accidents in recent years appears to be attributed to human fac- 
tors comrnunicat~on problems. Most of these seem to be caused by some aspects of 
inadequate cockpit resource management due to a problem of information transfer 
or communfcation - be it man-man ox man-machine, system-induced or not (24). 

Caesar (15) devides these human failures into the following categories. 

. Acthe failure : 35% 
Nan-adherence to ruies and SOPS. Lack of discipline or vlgilancs inadequate flight 
management - short cuts. 

. Passive failures : 30% 
Crew misunderstanding and communication problems 
Distraction - coordination breakdown - fatlgue 



Judgement errors and decision-making : 30% 
Underestimation of actuaI operattonat conditlans 
Bad landing - wrong alternative 

. Crew incapacitation ; 5% 
Subtle or obvious, requiring take-ov6r. 

In thb aftermath of a landmark study on the interactions of workload with enors, 
vigilance and decisions, p e d o r d  by the late Pat Ruffell Smith (25, ZB}, NASA con- 
cluded that these problems can be classified into the fOllowing categorjes : 

. social and communication skills 

. leadership and management skills 

. planning, prublem solving and decision-making skRb 
human and machine characteristics. 

Directing an automatic system r~ther than doing the job manually whib coordinating 
with the other crewmember needs skills different from those required in conventional 
cockpits, And the changing nature of pilot~ng, the increasing complexity of the envi- 
ronment (ATC congestion, regulations and procedures), the vast number of compu- 
ter-based devices replacing manual control and mental calculation, jointly demanded 
the development of a new attitude towards automatlon. 

Any feeling of "being along for the ride", ideas of underload, lack of vigilance, bore- 
dom and complacency, any sense of "being out of the loop" needs to be properly 
addressed by means of cockpit management techniques that help to foster the atti- 
tude that automation is iust another resource to manage (21). While at NASA, John 
Lauber (28) emphasized that the major impact of the inclusion of microprocessor and 
display Eechnolcgy in new generation traflsporl aircraft would be the quality and 
quantity of real-time information available to the crew and the way this infor~ation 
would be manipujated and used to conduct a flight. As a result of previous acc~dents 
wrth conventional technology aircraft due to shortcomings in craw mmrnun~catian 
and coord~naticn, the N J S B  recommanded that the FAA urge opsrators to indoctri- 
nate flight crews ir, the principles of flight deck resource rnanagerneot. 

It is, however, not the manufacturer's responsibility to ensure that the airiines main- 
tain adequate cockpit resource management srandards. Rather, b e  manufac turw 
has to offer high quality flight decks and associated procedures that make goad 
commun~cations possible. 
In other words the manufacturer is committed to deliver a product that should be, so 
to speak, immune to information transfer problems (24). 

5. Error tolerant systems : monitoring psrformanm, monitoring the operator 

Pointing beyond the sterik cockpit, Wiener insists (1 3) that the long-standing recom- 
mendation that humans serve as monitors of aufomatic devices must bs reconside- 
red. In his view, shared by others, the pilot should be brought back into a more active 
role in the controi loop (291, aided by decision suppon systems, especially in view of 
very long range operations, At one airline, crews on these flights may be required to 
perform routine in-flight tasks and calculations to sustain alefinesf, with flight mana- 
gement system backup 30). the  vast amount of Iltemture an vE ilanct has indeed h B shown that the human, a er all, is not a very effective monitor, Is eS$ Ilkely to detect 
system fault or wrong set-tlp, and is more likely to commit large blunders. For this 
reason, the famous controller versus mon~for doctrine - pfacing the .Pilot rather a3 a 
monitiar than as a controller - is being re-examinad. 
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Potantiaily weak vigilance of the pilot and wulnerable aircraft systems suggested a 
growing need for the macfiine to monitor itself and the operator, diagnos~ng errors 
performed by the human. The need to develop automatic systems that monitor 
human op6r~tor performsnce rather than :he reversa ha5 also been suggas:ed in the 
aerospace medical world (3 I). 

Not that familar, Wiener takes a cautious but nevertheless interested view with regard 
to potential promises in information technologies, decision support systems, expee 
systems M astifi~ial intelligence. Palegrin, on the other hand (32), advccatss increa- 
sed automatron, using these technotcgies to include automatic reconfiguration after 
failure, onc;cing maintenance and systems status beckdat~ng and, updating, pilot 
assistance in abnormal situations not necesarily resulting from falures anc! crew 
error : r ~ c k i c ~  arid icterrcgticn sistz~s.  

The error-protection capabilities ot map displays and flypy-wire flight controi discus-. 
sed in the following paragraph have somewhat paradoxically been accompanied by 
a renewed interest in error-tolerant systems as safety nets. Trying to automate error 
away may merely d~splace the problem of pilot error, since the human will stiH prove 
to be the ultimate- cross-check. 

Models of human operator beh~viour are needed for incorporation of such error- 
tolerant capability into the automation dewice itself. A w a r ~  of the n ~ d  {OF batter 
knowledge of the man-machine relationship, Alrbus Industrie has, in cooperatton with 
Dunlap & dssocrztes and Cochin Faculty, developed and validated a predictive crew 
worktoad rating mode (33) based on hear: ra!e variability, aircraft performance para- 
meters and situational information (scenario, ftight phase conditions etc.) as shown in 
Figure 2, further work will, however, be necessary to model crew ~r;gilance, to investi- 
gate how automation, workload, vigilance, performance and errors all re!ate to each 
other. 



Seifert and Brauser have proposed two strategies for future flight deck design (34) 
equating the p~lot's capabilities and needs : 

, provision ef sufficient feedback to allow the pilot to detect and correct unint@ntional 
performznce errors before they affect systarn pedormance, 

. introduction of fail-safe and fail-operational ergonomic design by means of huyan 
error be;t.e,ion and correction functions iMo the man-machine intellace lntel~lgence. 

Extensive analysis on human errors including preflight and infli ht dara, physiol~gical 9 and psycitolog~cal parameters, opinion ratings, enwonmental actors, mission requi- 
rements, orgacrzalional and technical factors, proficiency factors, pilot errors and 
their consequences 35) has rsvealed that human errors, systematlc or random, can i be interpreted as a our-dimenslonal structure : vigilance errors, perception errors, 
informatnon processing errors and sensaq errors, In p;uticular, it has baen found that 
deteminants and background variables of human factor incidents and accidents pro- 
vide a model of basic man-machine system interaction patterns which is useful and 
predictive of human error occurrence. 
The new goaal for cockpit design ptcposd by Seifert and Brauser may be posed : to 
provide mutual monitor~ng sf man and technical system. 

0. Alrtrus technology : evolution In design 

The pirot's role evolution is inevitably linked to that of the aircraft and its cockpit 
triggered, as it has been, by economic and tschnological Imperalives. ' 

Whether in technical areas or operational functions, continuity as wdl a3 progress 
elements have been pervasive throughout the 6300/A310/A320 famtly (Table 3). 

The forward-facing crew cockpit of the A310 and 6300-600 sterns from a cascade 
evolutionary process. Its design proceeds from A300 experience which Itself reflec- 
ted experience with the Caravelle, Trident, BAG 1-11 and Concorde. It is also the offs- 
pring of our customers, traditionally kept involved frcm the start of the design process 
through so-cdled task forces (36, 37). t h e  FFCC concept rtsetf is a direct result of 
rnultipfe discipline research programmes that included a human factors orientation 
such as the NASA Tesmlnal Configuration Vehicle Program, the French PERSEPOLIS 
project and the EAe Advanced Cockpit Design. 

Esrly ccnsideration has baen given 'to making the original A30Q a two-pilot crew 
aircraft, The technology then available did not permit such an approach with the 
necessav degree of confidence. 

The ovsrall dss~gn goal being to ensure adherence to the need-to-know and fail-safe 
principle3 which the 1970's A3CO cockpit did not fully satisfy : 

, side panel not fulfilling fail-safe criteria 
. number of dials and displays giving unnecessary information during a large part of 

the flight 
, necessity PO scan in different places. 

The innwzlions of this firs1 twin wide-body proved a major credit to Airbus : 

. automatic throttle from brakes-off to touchdown 
, automatic angle of attack protection and speed reference system against wind- 

shear incidents 
. automatic two and one-engine go-around 
. thrust computer {inked to autothrottle allowing derated engine operation S increased 

engine life. 

The necessary evolution became possible in the 1980s with the help of technology 
lezos providing concentration, standardisatinn and flexibility (36). Design goals of the 
FFCC were formulated as foPows : 
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. better crew integration and cross-monitoring. 
, better man-machine interface 
. lower risk of flight/ system management error 
. automation of routine act~ons 
. simplificat~on of tactic actions in nbrrn?f, abnormal and emergency procedures, 
. augmented availability for strategic flight actions 

clear presentation of predigested information for easier and quicker diagnosis and 
corr&ion 

. reduction of crew workload. 

These goals were, as we know, effectively reached by : 

. pushbuttons combining control, visual feedback and visual malfunction alert 

PFD SPD scale schematic 



. systems controls all on an overhead-mounted panel improving visibility, 
accessibility, use of space for all, 

. combining previously separated systems and subsystem panels into synoptic 
presentations (source to distrbutlon), acc~rding to frequency /urgency c i  use [nor- 
mal, abnormal, erner~ency) 
associating all the above with a rigorous dark cockpit philosophy to simplify proce- 
dures andunderstanding of system operations 

. introducing basic, Transparent system automation to avoid repetitive actions in 
normal operation or after a single failure {electrical, APU, fuel, pressurization, avio- 
nics ccoling, alr bleed etc.) 

. introducing digital flight management (AFS) with prese!ec:ed functions and reliabi- 
lity enabling less crew inlervent~on, clear and unamolgous operation, improved 
flight envefope protect~on (FAC, FLC) and automatic land~ng potential to CAT Ill. 

First to embark on thrs new lead was the digital A300FF1 first wide-body ceFtificated 
for operation by two pilots embodying all the new goodies except display units for 
flight and systems monitorrng offered an the A310 and A300-600 : 

. reoracing electromechanical ADts far short-term flight path control with eiectronic 
PFDs a!lowing a more efficient $can and direct access to predigested infomation 
(improved s p e d  scale with crit~cal ranges, margins, trend and speed error, flight 
p a ~ h  information with path angle and veaor, mode annunciatron and autoland indi- 
cat~ons), illustrated in Figure 3. 

. replacing electromechan~cal WSls fcr medium-term navigation with slectronic NDs 
allawing a more efficient scan of weather, navigation progress versus constraints, 
beacons and wa points monitored by the FMS w ~ t h  several display options availa- 
ble (Rose, Map, d; c and Plan). 

. intrsducfng Right Management Systems with the purpose of : 

- full area navigation and guidance 
- full vertical navigation and guidance with profile optimisation for maximum 

economy 
- instant prediction and flight planning facility, 

intrcducing Electronic Centralized Aircraft Manitoring (ECAM) eliminating the need 
for frequent system scanning in normal cperatrcn with : 

- temporarily used systems / functions monitoring 
- routine system monitoring 
- sys:em parameter trend monitoring, 

and simplifying information processing in abnonal/ emergency operation 
through : 

- '  improved failure analysis 
- orientation of corrective actions 
- minimal need of paper checklists 
- improved understanding of post-failure configuration. 

Tne Ffight Warning Computer whose logics have made it possible to provide ECAM 
op@raHctnal features is a real breakthrough achieving In addition : 
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- the reduction of discrete sounds Po a bare minimum, basic attention-geRers 
sleriing tk@ crew of warning display messages 

- the adaptation of the warning to flight phase with inhibitions where safety 
mandates (Figure 4). 

We are convinced that, with selective and tailored information according Po the 
situation, the major contribution is towards protecting the crew against mishaps, 
blunders or more serious errors. What has been achieved with the A310/8300-600's 
cockpit is also in the vicinity of Wiener's philosophy on automation (flight 
management by exception, forecasting and trend possibility, goal sharing or 
strategic intent) and Wanner's philosophy of human attributes and pilotability 
incidents. 

In the step that was to be taken in rne rnid-lS8Bs, design aims have essentially Seen 
extended to cover more error-tolerance or proPection against pilptability, pefiubation- 
sensitivity and manoeuvrability incidents by safeguarding functioning points and 
envelopes. In this respect a major emphasis was put on windsh'ear 39) as evidenced 
by Table 4. Continuing developments in digital technolcgy and d ata transmission 
have also led to greater possibilities of systems integration. Former breakthroughs 
with FFCC technology have been refined in several areas but essentially kept as 
mainstays for the future. 

The most prominent innovation on the A320 being to introduce fly-by-wire (FBW as 
primary means of flight control in conjunction with sidesticks, (40, 49). A natural deci- 
sion since it is available on C;oncorde with an analogue electrical control system in all 
axes, mechanically basked up, and to a more limited ext@nt on the A310 with digital 
signalling of the roll spoilers and aileron with no back-up. . 

For the A320 to become fly-by-wire with minimal mechanical back-up is furthermore 
based on considerable partner companies' experience with military aircraft. But Air- 
bus Industrie's decision on this hinged upon considerable flight testing wcrk with its 

D testbed. From Septambsr 1983 onwards Phis aircraft went through an evalua- 
tion program involving 48 pilots from airwoflhiness authorities and airlines. It was 
equipped with a sidestick controller, from which output signals were fed through a 
black box into the existing AFCS to give primary FBW-control in roll and pitch. The 
unanIlPn0us acceptance of this configuration was cluantitatively confirmed by a small 
test Program involving manually flown experimental circuits that posed a variety of 
Operational problems. All performance measurements of smoothness and stability 

the FEW-system compared to a convenlional system by at leasf 20?6, pilot 
"Wuts being reduced by about 50C6 (Figure 5) to allow beEer perfornance 

and more availability for general cockpit m2n2gernenl(42). 

Originally derived from NASA studies on self-correcting flight control concepts, a C* 
' law was chosen as the fundamental mode of control in pitch, with roll control based 
on roll rate. C* provides short-term direct flight path control by modulating the load 
factor using a blend of pitch rate and load factor at  lo^ speed and pitch speed 
without autotrirn below 200 ft normal flare. 

Its characteristics feature is to maintain the aircraft at l g  as long as the stick is 
neutral, which permits a stable trajectory through turbulence without any need for the 
pilot to interfere. Likewise, this concept automatically eliminates pitch oscillafions 
when performing angle of attack changes, and eliminates the need for pitch trim with 
thrust or configuration changes. 
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safety features and procedures ctefed by the A320's FBW/sidestick combination 
hith regard to Wanner's incident s:.-leme are many (40,4f) 1, 

. envelope protection - oversped with marked stability beyond high speed warning 

. stall protection so that : below 1 . I  3 Vs the control law changes to an 
mgle of attach control law, 

: teiow 1 . I  Vs the classic dpha floor (A30Q,A310) 
c=rnrnands full thrust 

: with maximum angle of attack at full stick at 1.06 
f's resulting in the spectular flight path demons- 
tations shown by the A300 testbed 

. windshear protection by appiy ing full stick with no fear of stalling (Table 4) resulting 
in a safe escape, and 

, manoeuver protection limitins the manoeuvre demand systems to 2.5 g to protect 
against breaking up at high h In the case of callrsion avoidance 

, attitude protection with automatic recovery in pitch and roll if disturbances take the 
aircraft beyond its limits 

. engine failure cornpensailon after take-off the aircraft rolling to a Small 
(7 degree) bank and taking a mild (I degree/sec) turn towards the failed engine. 
hands-off 

. electronic sidestick coupling backed by warning lights allowing a training captain 
to modify a student's flight palh without any risk of resistance and helping take-over 
situations to be handled dijigently in case of neighbour pilot's incrlpacitation or 
derangement. 

Another novelty on ?Re A320 concernin protection of functioning envelope is the Full 
Authority Digital Engine Control (FAD g C) which is deemed to succeed electronic 
engine control introduced an the A31O/A300-600 models. 

Dfferin full engine control and protection under both stabilized and transient candi- 
:ions o 4 opemtlon, the FADEC provides a wide array of operational functions, some 
cf which were stilt handled by pilots until recently : 

. gas generation control 
engine limit and overshoot protection 

. power management and derating 
, angina starting (automatic) . thrust reverser control . fuel return va!ve control . engine condition monitoring- 

Sirpilar to sidesli&s complementing the FBW-controls, f AD€-C is associated with a 
3a1r af fixed-gate throttle levers, Thrust control through FADEC mana es to prov~de 
:he best pawer suited to each flight phase either in manuel, accor d ng to throttle 
asition. or in automatic. associated w~th  throttle detefit and in response to 
4TS/FMGS demands. Engagemant of ATS modes (SPD, MACH, THRUST, REfARO) 
is automatic according to AP/FD mode engagement, the FADEC receiving AFS com- 
nands via an ARlNC transmission bus. 



'11 no *V I FO m m p ~ u  A73 :an Pa us- .r SF t . Mach 
'In caw d blC46IvO 1nQiO Ot JtWOCh CMf1Eu*allOT AT5 A l p l s  ~ D W  W08 
rs ingrg$o. 'no 02, Ihmt .nr;rai # a  atcunrsc aea ?el0 

-or.- 
I.. O W , "  
m. I U V R L  



On the A320, the AP/FD and the ATS are fully merged with the FMS into the FMGS, 
an integration enabfed since flight control laws are taken over by Pic/  SEC compu- 
tere leaving tha elaboration n f  horirnntal and var+iclal gilidanea to a fully intogrstnd 
FMGS. Shsrt-term flight ccn!rol inputs to the FMGS a_re mede through the FCU on 
the gfareshreld. longer-term inputs are introduced via the MCDU to seiect upper navi- 
gation and performance modes and advisory functions. 

The systems which the FMGS dialogues with (Figure 6), FAC, FAPEC, EIS, 
EMC/SEC, ADIRS, FCOC e!c. - are themselves interfaces with ~ l h e r  calculators 
EIU, EFiS, ECAM etc., br anctlrng out towards almost all other aircraft s v s t e ~ ~ s .  A 
good knowkdge of these systems implies firts of all the understanding of functions 
and interactions. 

Another newcomer to Arbus cockcits, the Radio Management Panel will faulttessly 
manag@ :he frequency setection for all VWHF and transponder and radio ccmrnunt- 
cations as well as ILS/VOR and DblE radio navigation aids in case df FMGS farlure. 

Apart from the innovattons just cited, the experienced observer will note : 

. the unctuttered layout (from 35 instruments on the A31 0 to 12 on the A320) 

. the use of six interchangeable disglay units for EFISIECAM, systems whose archi- 
tecture notes a further trend towards integr2lton [€IS) 

. the provision of altitude/vertical speed on the primary flight display. more refined 
Nav, Rose and Map modes on the navigation display, primary engine prc:orials wtth 
checklist items on the ECAM upper display, the ECAM lower display presenting 
refined system or status pages 

. the further reduction of pusnbutton and overhead system panels thrcugh : 
a radical integration of avionics (from 74 calculators on the A310 to 32 on the A320) 

. and a bgical rearrangement of the center row dedicated to engrne-related systems 
and functions (fire controls. hyaraulics, fuel, electrical and air condit~ontng) - deletion of several functions switches or levers (no manual temperature and flaw 
control, no fuel manifold valve control etc.), 

. the further reduction of system management tasks after single failures presently of 
three types ; - no action, disconnec!icn performed automatically (examples : air cond~tioning tem- 

perature averhaat, pressurrration con!rol) 
- c~nfirmatlon action to CDver the casa of automatic disccnnecticn falure (exam- 

ples : €LAC/ SEC flight c~n t ro l  computers, electricat ganerators) - mandatoq actions not covered by automatic disconnection (examples : fuel and 
hydraulic pumps), 

. th'e subsequent simplification of most abnormal procedures mainly consisting of 
confirmation checks with some confirmation or bakc-up actrcns but less than on 
former models. 

Some years agoq It was antici ated that the 1990's era cockpit (10,24) em be Irnagi- P ned to be an all-digital, all-e ectronic flight deck with high-resolution multifunction 
displays and man-machine interactive systems that will monitor flight operations. 

It was anticipated that crews would only be there for aggregate informaticn treatment 
and strategic decision-making, concentrating solely on mission supervision and 
management, leaving interactive elearonic systems with routine data processing, 
memory work, conttol tasks, procedural decision - making and a quasi-human ap!r- 
tuda to monitor, detect and plan. 

fhe high-kwh command post of the future with table tops, joptlcks and puahbutton 
controls at fingertips has virtually arrived, yet the A320 pilot will fiy as the horseman 
drove his coach In the not-too-distant past. 

Perfomanca and Initiative being what he is best at, It is up to man to decide whether 
he or the machine are to tolerate errors. The best anticipation strategy being Is avoid, 
detect or comct by design. The practical orientation taken by Airbus lnduslrje in this 
matter conveys the prcrnlse of even smarter lnbelligence to be in store for the future. 



AP / FD 
AFS 
AFCS 
ATS 
ECAM 
EIU 
E f  IS 
EtAC 
EIS 
FAG 
FAOEC 
FBW 
FCC 
FCU 
FFCC 
FLC 
FMGS 
FfblS 
FPY 
WC 
ENS 
IRS 
MGDU 
ND 
PFD 
RMP 
SEC 
SPD 

. : Autopilot/ Flight Director 
: Automatic Flight System 
: Automatic Flight Cnritrol System 
: Automatic Thrortle System . 
: Electronic Centralized Aircraft Monitor 
: Engine Interface Unit 
: Electronic Flight Instruments 
: Elevator and Aileron Computer 
: Electronic Instruments 
: Rigfit Augrnentaticn Conputer 
: Full-Authority Digital Engine Control 
: Fly-By-Wire 
: Flight Control Computer 
: Flight Control Unit 
: Fornard-facing Crew Concept 
: Flight Lirnctation CompQter , 
: F l i ~ h t  Management and Guidance System 
: Flight Mana ernsnt System 9 : Flight Path ector 
: Flight Warning Cornplrter 
: lnertrai Navigatlbn System 
: Inertial Reference System 
: MuRipurpoae Control and Display Unit 
: Navigation Display 
: Pnma F!Eght Dlspla 
: Radio ana ernent anel % P  b : Spoller and ievatar Computer 
: Speed mode of AFS-ATS 
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BEYOND PILOT ERROR: A PILOT'S PERSPECTIVE 
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Errors by cockpit crew members account for two-thirds of all aircraft accident 
causes. according to a study by the Boeing Company covering a 2lr-year period.' 
Many other observers of aircraft accident statistics report a similar 
proportion o f  accident causes attributable to the human crew.'.' 

The accident s tat i s t ics  of crave1 show that air travel is one o f  the safest 
modes of transportation. Dr. John Lauber,' a member of the US National 
Transportation Safety Board (NTSB), noted that s ince  the introduction of jets 
in airline service (1959 to 19881, fatalities in commercial jet transportation 
worldwide have numbered '16,393. In contrast, in only one year (1988), in the 
US alone, approximately 24,000 fatalities were caused by auto accidents 
involving alcohol. The crash of an airliner always attracts a remarkable 
amount of attention by the press. Such media attention is understandable 
because of the number of l ives  involved and the public's fascination with 
tragedy, whether it be an earthquake, a fire, or an aircraft accident. 
Sometimes the accident becomes a dramatic platform for the politically minded. 
Government authorities, sensitive to  media attention, may feel the need t o  
make immediate changes or even pursue the alleged culprit in the open press, 
severely hampering the accident investigation process. Investigative 
authorities must res is t  the temptation to coment  on the cause a f  the accident 
and instead appeal for time to gather a l l  the facts necessary to determine the 
probable cause oE the accident. The f l i g h t  crew is an easy target unless an 
explanation for the accidenc can be found quickly. 

Our purpose In presenting t h i s  paper is not to  deny the responsibility of 
pilots whose errors result in accidents or incidents but rather to demonstrate 
that accidents usually are the result of a sequence of events, some of which 
may have occurred over a period o f  years or which could be the result of a 
s p e c i f i c  method of operatian employed by a particular company. The goal is to 
ensure that t h e  accident investigative process includes a balanced review. 
Pilots have shouldered the burden of blame for critical errors for many years, 
but we are finally gratified to hear that others are concerned with tracing 
the errbr to the point of initiation, wherever that may be. Someeimes it is 
in the cockpit, but sometimes it is in t h e  factory where the aircraft was 
built, nr in the off ice of fhe manual w~iret, or in the management o f  the 
airline, or in the oversight: of the operation by the S t a t e  autharity. 

Definition of some terms used in this nauer: 

Error' - An act or condition of often ignorant or imprudent deriation from a 
code oE behavior. A n  ac t  involving an unintentional deviation from 

truth or accuracy. A f l  act that through ignorance, deficiency, or 
accident departs from or f a i l s  t o  achieve what should be done. 

Human factorsc (or ergonomics) - The technology concerned to  optimize the 
relationships between people and their activities by the systematic 
application o f  the human sciences., integrated within the  framework of 
system engineering. 

Operator error - Those errors which may be ascribed t o  the person in direct 
control of a machine. 

P i lo t  error - Those errors which may be ascribed to the person or persons 
(crew) in direct control of an aircrafr. 



Sequence (chain) of events - A series  of evencs which precede an accident or 
incident. 

Causal factors - Those predisposing or disposing factors that contribute to an 
accident or incident. 

Human performance - A description of those attributes that: may be attributed 
to a human being or to the study of human characteristics. 

lnstftutional errors - Those errors which are initiated or maintained by the 
strucrure, policies, or precedence o f  a company'or organization. 

Urors made bv v f l o t ~  

NASA Ames was one of the first scientif ic  groups that attempted to deal with 
the human equation id errors on the flight deck.' The research was based on 
t he  use of train& observers who catalogued errors and the interactions of 
flight crew members during simulator scenarios. While many errors were noted 
and caught by other members of the crew, communications between crew members 
appeared to highlight: the differences between captains. The mare verbal or 
communicative the captain, the becter the crew seemed to operate and deal with 
the various complexities of the simulator scenarios. This initial work led ta 
the present effort to optimize cockpit communications in what is now called 
cockpit resource management training, which has become a v i t a l ,  integral part 
o f  training at many airlines throughout the world. 

Those who fly realize that the cockpit o f  a high technology j e t  transport is a 
workplace where many errors occur, Outsiders are surprised (and a lirtle 
alarmed) to hear thac, bur those of us familiar w i t h  the cockpit readily admit 
it is true. However, we are quick to paint out that the redundancy of both 
the crew (more than one pilot) and the  warning systems helps to correct these 
errors before the flight becomes unsafe. 

Typical errors that occur in routine cockpit operations include the misreading 
o f  navigation charts because af small site print, poor ambient light, or the 
need to calculate a reciprocal course; selecting the wrong approach chart 
because of misunderstanding the automatic terminal information service (ATIS) 
or the approach controller: and the improper setting of a instr,ument because 
of misreading or mis-setting the small digital d i s p l a y .  The list could on and 
on, but many of the mistakes occur because of the heavy workload involved when 
flying a complicated airliner in a busy terminal area. Pilots must move from , 

one procedure to another in rapid order to accomplish aircraft speed and 
confJguration changes and the course and height changes required by noise 
abatement ar approach procedures. 

During the fuel crisis a f e w  years ago, before-takeoff procedures rere changed 
in order to save f u e l .  One engine was started for taxi  artd the other engines 
were started a f e w  minutes before takeoff. W i l e  they vere taxiing, the crew 
was expected to start the remaining engines. complete che checklists. ensure 
that the cabin was prepared for takeoff, and monitor the  tower. Soae close 
calls were caused by this intense operation. Planagemefit closely monitored the 
fuel use during this time, heightening the attention paid to fuel use by 
crews. In addition, the competitive nature of some pilots caused further 
erosion of normally safe practices. 

One of the most  common errors is miscommunications with the air t ra f f i c  
controller or other members of the crew. This is often due to a noisy  cockpit 
environment, attention diverted to another task, or inattention to radio 
traffic. Errors occur when operational requirements deem that a task be 
delayed yet.remembessd, e .g . ,  deferred checklist items or altitude crossing 
restrictions. A simple analogy might be one o f  an automobile driver who has a 
number of letters to post, Lying beside him in a car. He plans to post these 
letters at a box i n  a few short blocks, yet some matter of traffic diverts his 
attention and he passes the box. Pilots share a similar fate when they 
receive an altitude crossing restriction. Pilots are aware that the pilot 
flying can be easily distracted, and therefore additional verbal checks on the 
altitude crossing restriction are lraade between creu members to ensure it is 
remembered. 



Speed is another characteristic that  changes the complexion of cockpit  
operations. Increased speed reduces the time required to accomplish a task 
and imparts an element of urgency t o  decision making. The multiplicity of 
task demands during complex operations, such as takeoff, climb;descent, 
approach, or landing, creates pressure that can result in common errors. 

The proliferation of warning systems, in even the most up-to-date j e t ,  i s  a 
testament to this continuing problem. Warning systems have most recently been 
developed for landing gear, flaps, spoilers, terrain avoidance, and parking 
brakes. Some of the first warning systems developed early in a v i a t i o n  were 
for simple malfunctions of the powerplant, e . g . ,  oil pressure or quantity, 
pngine fire warning, or loss of hydraulic fluids. 

Mistakes in the cockpit are related to the manner in which the complex task of 
flying is accomplished by pilots. as noted above, It may a l s o  be due to 
weather factors outside the cockpit or methods of aircraft operation 
recommended by the manufacturer and modified by the individual airline. 
During the investigation o f  an accident it is important t o  judge the complete 
environment of the cockpit. Task or cognitive saturation must be reviewed in 
light of the human limitations envelope. 

The e f f e c t  of adverse weather or night operations on the workings of the crew 
is a factor which few people recognize. Both of these factors limit the 

v i s u a l  field both in and out of the cockpit. The number of accidents that 
occur during night flying and/or adverse weather are higher.' Using the 
instruments of an aircraft to judge position or height is not as natural to a 
pilot as being able to see outside the aircraft during daylight. 

The personality of the crew or its captain may have an influence on the 
accident/incident. In these cases i t  important t o  judge not only the 
relationships in the cockpit bur also the standard perSormance recommended or 
acceptable to the company. Institutional errors have occurred in the pasr end 
they must be judged carefully by the accident investigation authorities. Many 
changes in procedures occur as experience in operation of the aircraft 
continues. Some changes are nor consistent with the design of the aircraft. 
Such an example may be cited in the case of the 3767 electronic engine control 
(EEC) system. In the design and manufacture of the aircraft, the control for 
the EEC was placed near the fuel shutoff switches. A number of incidents 
occurred which convinced the government authorities and manufacturer that the 
EEC controls should be moved to a less accessible location. Misuse o f ' t h e  
control by pilots was compounded by changes in,procedures (its use as an 
operating control) that were never predicted by the designer. 

What can we learn about: errors that occur in accidents? 

On August 16, 1987, a NWA DC-9-8Z9 crashed at the ~etioit Airport, resulting 
in the death of 148 passengers and 6 crew members. The NTSB cited the crew 
for lack of proper use of the t a x i  checklist during the pre-takeoff 
preparations. The investigation found that the wing flaps were retracted, 
which resulted in loss of control of the aircraft after takeoff. The takeoff 
warning system malfunctioned electrically and did not warn the crew of the 
flap condition. This malfunction was cited as a contributory factor by the 
NTSB. 
The sequence of events leading up to the accident are notable: 

1. Before departing the ramp, the crew discussed with ground personnel 
the fact that the flight needed to depart the ramp as soon as 
possible to make the landing curfew window at Orange County airport. 

2 .  Some irrelevant conversation on the flight deck occurred during the 
t ax i  to the runway. 

3 .  Due to construction a somewhat complicated taxi route was required 



4 .  The checklist was interrupted a number of t imes by the ground 
centroller and the flight attendant. 

5 .  The first officer had to consuJt a performance manual for takeoff 
information during taxi-out. 

6 .  The taxi-out occurred during law light conditions after sunset 

7. A cockpi t-to-cabin announcement was made to prepare t h e  cabin for 
takeoff . 

In spite of all that has been written about the failure of the cockpit crew 
and the warning system, were other factors present that contributed to the 
accident? We w i l l  just b r i e f l y  review these other factors.  

1. What role did the need to hurry to make a landing time play in t he  
accident? 

2 .  Under what conditions should a cockpit checklist be accomplished? 

It is hard to predict what effect the need to expedite a departure played in 
the accident, bur: it cer ta inly was preseer: in the pilots' minds. The 
accomplishsnenr of critical check l i s t s  while being constantly interrupted is an 
accepted practice, both while taxiing and during inflLght operations. In 
fact, it is a method of operation that has been endorsed by government 
inspectors and company check p i l o t s .  In this case ,  were there too  many 
distractions caused by cockpit cabin coordination, the need to review takeoff 
data from &*manual, a complex taxi route due to construction, poor ambient 
light conditions, or the need t o  make a required FAh announcement jusr: before 
takeoff? Gle will never have the answer, but more pertinent questions might . 
be: i s  rhe crew ar f a u l t  for allowing rhe distract ions  ra interrupt the 
important function of completing a checklist? Or who approved or expects the 
accomplishment of checklists during a time of movement of the aircraft? It 
was not  too long ago, i n  the reciprocating engine era,  that the checkl is t  was 
accomplished after engine runup, while the aircraft w a s  stationary. Who made 
the decision t a  accomplish checklists while the aircraft was moving? 

air Florida 1737 

The Air Florida accident in Washington, DC, on January 13, 1982 should also be 
noted in this context. Here an inexperienced captain was taxiing our of a 
congested area, in heavy snow, with poor visibility. while the first officer 
was accompli~hing the taxi,checklist. The captain was required to respond to 
a challenge-response checklist. Whar: was so critical that the checklist 
needed to be accomp+ished right at chat moment? Can habits become unsafe 
practices? Are training and check piLots taught to look for habits or  
procedures that are unsafe? Why did the captain not defer the checkl is t  to a 
more appropriate time? Do we teach new captatns to do this? Surely it is 
within the purview o f  the captain r e  make such a determination. ' h r  are the 
consequences of repeatedly hurrying the preparations for takeoff because a j e t  
engine is almost ready for  takeoff after leaving the gate? What habits are 
created by allowing all manner of interruptions or seemingly important 
additional duties to be imposed on the flight crew while making important 
preparations for takeoff? Is not the most important task to prepare the 
aircraft properly for takeoff? Who teaches new captains the proper order of 
priority of duties during f l i g h t  operations? 

can accident investigation authorities look at these kinds o f  circumstances 
and place the responsibilities only on the f l i g h t  crew, or should it go deeper 
into  the actual and accept~d institutional methodology of airline operational 
practices? The practices begin with the manufacturers and t h e i r  published 
flight manuals. State authorities and the a i r l i n e  companies themselves make 
adjustments to fit.their needs and oversee the process of integration of the 
aircraft in to  operations. Where does .the role of management of flight 



operation begin and end? Can we expect that bettei training or more 
professional atrention to duties for pilots will eliminate the ,human error 
accident? Should we expect acceptable behavior on one day to be altered rhe 
next day if circumstances change? Wkat e f fec t  do habits have an performance? 

Herald of Free Enfernrise* 

The accident of the ferry "Herald of Free Enterprise" at Zeebruggo in'1988'0 
should s t i m u l a t e  attention among aircraft accident invescigarors. Setting 
sail with the bow doors left open and an excessive nosedom t r i m ,  the vessel 
sank immediarelv with the lass of 180 l~ves. I t  was a hurried departure--so 
familiar to airline pilots--and the communicatian links within the crew were 
badly broken. The captain never knew the doors were open as no procedure was 
established to verify the doors were closed, nor did a warning light e x i s t  to 
warn the crew. 

The investigation into the sinking of the "Herald of Free Enterprise" aimed at 
revealing the so-called " la ten t  pathogens," i . e . ,  those factors that were 
lurking wirhin the  operation. Factors such as organizational decisidns and 
managerial pract ices  %ere reviewed. The ferry left: the dock at  high speed 
because the captain was reminded o f  the fact that he was running late. 
Anorher f a c t o r  was the failure to have procedures t o  determine if a l l  t h e  
doors were closed and secured before getting under way. Yet another factor 
was the psychological precursars of crew composition. Only after an analysis 
of  the latent pathogens were the individual unsafe acrs and practices 
approached. AS in many other accidents, individual. a c t s  or errors followed a 
whole set of instirutionaL acts  or errors. 

LiXor'cs to advance the w e r n e n t  of errors 

Errors will be with us as long we have humans operating equipment ar humans 
designing machines. R a ~ h e r  than succumb to che philosophy of attempting to 
design the human out of a system, the designer or operator must look t o  the 
strengths of the human. The development o f  error-tolerant systems is one of 
the advancing philosophies in this regard. A notable effort in human error  
prevention hes been undertaken by the engineering socie ty  and a foundation in 
the US." These organizations have held conference$ on human error avoidance 
that deal with the breadth o f  the  cause of human errors. 

Accident investigation techniques to isolate the cause of human errors in 
aircraft  accidents have been slowly evolving over the pbst 10-15 years. A 
recent study" by ehe International Federation of Air Line Pilots' 
Associations (IFALPA) has indicated that just a few of the States surveyed 
have well-trained and dedicated specialists in hman fac tors .  It is essent ia l  
to have well-trained and academically qualified staff to lead accident 
investigations. IFALPA bel ieves  these teams must be interdisciplinary. 
Disciplines such as psychology, human and safety engineering, medicine, as 
well as pilot operational skills, should be teamed together in the accident 
investigation process. Errors made by crew members are a subject of close 
scrutiny by accident investigation o f f i c i a l s  during the i n v e s t i g a t i o n  of 
accidents or incidents. During this process it noc uncommon to judge all 
errors as indications of incompetence or unprofessionalism. Pllocs feel that 
errors are commonplace and should be recognized as such by investigators. The 
difference is that most errors are corrected or are not of sufficient 
magnitude to cause an accident. During an accident: one critical error is 
u s u l l y  preceded by a series of errors. The invasrigator m u s t  take a 
systematic approach to the evaluation of errors. 

Company practices and the corporate culture are s tart ing t o  receive attention 
by accidene investigation officials. Airlines have their own personalities 
and many o f  i r s  pilots adopt these rra ir s .  An airline cgn be a battleground 
be t w e e n  managernenc and union o r ,  conver,sely, because t h a i r  a i r l i n e  may be 
struggling for survival, pilots may believe that  they must do  wharever 



possible to make the airline a success. Usually these conditions are known by 
the managers, training, and checking personnel, but unless management is 
sensitive to them, serious erosion of safety standards may take place. During 
accident investigations these traits must be uncovered and carefully analyzed. 
The standard of safety begins in the corporate offices. 

Orpanizational conflicts 

Beyond those quite obvious examples we should also consider some subtle 
pressures to which pilots are subjected. In some very busy airports, in the 
south of Europe, it is an everyday practice to assign a takeoff slot with no 
more than a five-minute window. The penalty for missing a takeoff slot can be 
up to several hours of delay. Sometimes it is even necessary to send a 
planeload of passengers back to a hotel already accepting incoming guests. It 
is easy to see how a pilot's adrenaline would start to flow when delays are 
encountered due to baggage loading or a miscount of passengers occurs. Under 
these circumstances it is not unusual for a pilot to have to explain the 
problem to his chief pilot. Can we expect careful flight operations under 
these conditions? An accident that occurred under these circumstances would 
require careful evaluation of the conditions and possibly criticism by the 
investigating authorities of their own State's method of air traffic control. 

Qualitv standards 

Individual unsafe practices by pilots may be the subject of review during 
accident investigations. Pilots are critically aware of these unsafe 
practices and attempt to intervene in certain situations with professional 
standard committees. Generally, interpersonal relationships between pilots 
are the problems most often dealt with by these committees, but occasionally 
these committees deal with the standard of air safety. However, this is a 
vague and subjective concept certain to lead to many interpretations. 

A curious standard is applied in judging cockpit or pilot behavior following 
an accident. Airline pilots feel the safety standard applied by investigative 
authorities in post-accident analysis is higher than the standard acceptable 
in routine practice to the airline or to the licensing authority. Recognizing 
that a safety standard is very subjective, pilots still need practical. 
unequivocal guidance from management. 

The role of management in the safe practices of aircraft operat,ions is rarely 
talked about. Accident investigation authorities throughout the world are 
attempting to understand management practices that influence safety and make 
airline managements accountable. Some courts already recognize the importance 
of management's role in accidents. In France, the court did recognize the 
role of management in the 1985 rail accident at Flaujac." The court retained 
the concept.of "a deficient safety system, since it does not integrate human 
failure". 

Decisions bv ~ilots 

The question that haunts pilots following an accident is, "Could this happen 
to me?" In most cases pilots find themselves in the uncomfortable position of 
feeling that they could see themselves in the same predicament as the crew of 
the accident aircraft. When the accidsnt has been caused to some extent by 
information that was lacking or confusing, other pilots have great sympathy 
for those who made errors born of lack of information. 

Decision making by airline pilots is typified by quick and knowledgeable 
decisions where information is unambiguous and by purposeful indecision where 
information is incomplete or ambiguous. The decision to conduct a flight, 
continue 'toward a line of weather, or continue an approach to a landing is 
based on a lack of information that a danger exists rather than information 
that this is a safe course of action. Pilots will agree that being informed 
of a thunderstorm in progress at the airport, or being told of significant 
windshear on final, or seeing a radar return with a sharply defined echo ahead 
all are definite indications that a significant danger exists that would cause 
a pilot to alter his course of action. 



For w n y  yepears the avia tian f ridustry has been justly proud of its safety ' 

record and accident investigation tradition. Nowhere in the field df human 
technology have such ifideptb and advanced concepts and m@thod~ been used than 
in aviation accident investigation. Howev*r, we must gwrd against 
Co~placency. I 

The old-f  ashimed , tfme-hmvxed , and well-eseabli shed mthdoiogy of tracing 
individual  human EariLtr and errors in complex sequences cal led accf dents may 
not sfand the t e s t  of comparison when judg%d egainst a complece fault tree 
analysis such as applied in the invesclgatton of the *Herald of Free 
Enterprisem accident, 

To detect organizational or instlsutianaL error potential annual safety audits 
should ke required by all Stat@&. me safkty audit must reach into all 
deparrments that interact with f l i g h t  operations, including upper level 
management. The S t a t e  i t se l f  should pr0viUe annual audits of its method of 
certification, oversight, an8 comunicatios.  

-.. 
EFALPA believes it is time t o  judge the individual act or error only aa the 
trigger that enabled the accident to take place. Business, t s c h i c a l ,  o2 
organizational dscisians may conrain the "$esd" for characteristic types of 
failures that  Lead to unsafe pracricea and f ina l ly  msafe acts.  To grow these 
seeds, Sam type of psycblugical  prscursots need t o  be present. A 1 1  system 
Precursors {latent parhagens) m s c  be identified. The search? for  the most 

important error detracrs from the overall investigrtian and narrows rns 
investigation process. 

-Tf furzher progress is to be mde in aviazion wfefy. we face a? S R D ~ U S  
educationar task  that must be teneered on issues affecting human factors in 
flight operations. Al.1 of  us recognize that we hava a mnumental task i n  
human performance optimization. But became the influences on human 
performance are many and subtle, ue must gtlad against limiting our f i e l d  o f  
v i e w  by focusing on the f i n a l  error. If wk are ever t o  advance the frontier 
of human factors in accident investigation, we must work in interdisciplinary 
groups with ll t t l o  regard fur the bundarics of the invesrigacion. If the  
precursors of errors can be developed, we have a real opportunity t o  prevent 
not one but many accidents. The International Fednration.of A i r  Line Pilotsp 
Associations stands ready to cooperate in this endeavor. 
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BECOMING A W A I N :  PWSONdXTY I C W P B E H T  BY NOR-TECHNICAL TRAINING 
AND EDUCATION 

. Andre Droog 

U S ,  Covemmenc Civil Aviation Flying School 
P . O .  B u s  6, 9765 ZG Paeerswolde, The ~ethcrlands 

 light safety and Human Factors Seminar, 
Leningrad, 3 - 7  April 1990 

KLM takes in about forty pilots every year from the U S .  the main Dutch f lying 
school, which currently belongs to the Dutch gove-ent at the moment but will 
probably become a KLPl flying school in the very near furure. Un graduation 
the ab-inttio trainees have followed a 200-hour flying course at our school, 
including : 

- 70 hours basic training on the Cessna 152; - 90 hours advanced training on the Beechcraft: B-33  Bonanza 
(including the IF Rating); and - 40 hours find training on t h e  Cessna C-500 Citation (including 
type-ratiw and route-training). 

All flying training is supported by simulator training; since 1988 the school 
has had a glass-cockpit C-500 Citat ion simulator. 

The crew training starts in the advanced phase with mutual f l i g h t s   and^ 
contimes from then on. The W has a ma-technical programme ro support the 
crew-cooperation training, t o  enhance safety awareness and to s t i d a t e  
personaSity.de-~elopment. This programme pays attention to communication, team 
building, decision making and leadership. Udthin bath and RLS there 1% 
concern t o  further develop non-technical training programmes and integrate 
these in the t o t 3 1  f l ight training package. 

mrwrm OBJECTIVE ' 

Training and education, when successful, lead from t he  i n i t i a l  situation to 
the  desired final situation. The initial situation is that ab- i f i i t i o  trainees 
of between 18 and 25 years of age enter the school a f t e r  selection. Their 
capacities and personality gxowch potential have been assessed and they have 
been found medically f i t  for becoming p i l o t s .  The desired final situation LS 
a position and career as an airline captain with KIA or another Dutch airline. 
What is an a i r l i n e  captain? He can be seen as a tram leader i n  the cockpit ' 

environment, a special kind o f  "manager: wich a specia l ized s e t  of roles and . tasks. 

Hintrbefg (1373) investigated the roles of nany k i d s  of managers and reported 
the general scheme of managerial tasks as follows. 



As a figure head the manager takes part in ceremoniaL activities because of 
his formal status. 

The leader integrates unit objectives and persoha1 needs of people. The 
leader keeps h i s  pop le  alert and motivates. 

In h i s  role  of liaison the manager gathers useful informarion. 

As a mnitor he monitors his own unit and the environment, detects problems, 
risks and chances. 

As diasemLnator he gives informtiin (facts, preferences, values) t o  t h e  
people within his unit. 

As a spokesman he gives information (results,  explanations) to people outside 
his o m  unit e.g. higher management or the public. 

The entrepreneur initiates and designs change, sets goals. 

As a disturbance Mndler the manager diagnoses a situation and threatening 
' stimuli (internal conflicts, environmental threat, expected lass of 

resources). He solves problems and tak& measures. 

When a resource allmcator he sllocates time, people, and money t o  tasks; he 
chooses priorit ies ,  aligns and t imes decisions (=coordinaion).  

Aa a negotiator the manager neg~tiates with other units or urga'nfzations 

The manager i s  the mrve veentec of his unit. 



la analogy to the above, the airline captain is the nerve cenrer in the 
cockpit. His roles are as shown below (Droog, 1986). 

Flight training, theoretical training and non-technical training are aimed at 
the  preparation of the modern p i l o t  for this set of roles and tasks. The 
captain leads his system (aircraft, crew,  passengers) towards its destination 
in a s a f e ,  efficient and comforrable way. Training programmes are s e t  up to 
Lncrease h i s  effectiveness, and consequently the effectiveness of the 
organization. Enhancing competence and effectiveness is the objective of 
every training. Under vhat conditions act  organizations and i n d i v i d u a l s  most 
effectively? 



The core activities of any system are (I) to achieve its objectives, ( 2 )  t o  
maintain control over its internal environment. and ( 3 )  to adapt to, and 
maintain control over, the relevant externa l  environment. How w e l l  the system 
accomplishes these core activities over time, under different conditions. and 
in any given situation. indicates its competence and effectiveness (Argyris, 
1973). 

Argyris (1973) mentions a number of criteria that may be used to evaluate the 
effectiveness of a system. For example problems rhar are solved end decisions 
made without recurring when within the control of the-system.He also 
identifies conditions causing individuals and groups to behave most 
competently. The more these conditions are approximated, the greater the 
probability that the individuals or groups w i l l  meet  the competence criteria, 
The conditions for the individual are: self-acceptance, confismacion and 
essentiality. 

Self-acceptance is t h e  degree to which a person has canfidence i n  himself and 
regards himse l f .  The higher the self-acceptance, the more he values himsel f .  
The more he values himself. ehe more he v i l l  value ochers. 

A person experiences confirmation when ochers experience him as he experiences 
his self. Confirmation is needed to validate one's view of one's self. 
Everyone experiences the world through his own s e t  o f  biases and will tend to 
see only what his own self permits or encourages him to see. The possibility 
of error is therefore always present and this built-tn potential for error 
creates a basic posture of uncertainty and self doubt: and a tendency t o  
inquire into the  accuracy of one's perception or sense of reality. Hence the 
need for confirmation. The more frequenz the confirmation, the greater the 
confidence in one's potential to behave competently. 

Essentiality means that, the more the individual  i s  able to use his central 
abilities and express his central needs, the greater wilL be his feelings o f  
essent ia l i ty  to himself and the system. . The more essential he feels, the more 
committed he will tend to be to the system and to its effectiveness. 

One of the most e f f e c t i v e  ways to help individuals increase their 
self*acceptance, confFrmation. and essentiality is to create conditions for 
psychological success. Psychological success occurs when: , 

a)  the individual i s  able t o  define his o w  goals: 
b) these goals are related to his central needs, abilities and 
' .  values: 

c )  the person defines the  path to these goals; and 
d ) ' t h e  achievement of the goals represents a r e a l i s t i c  level of 

aspiration, which means a challenge or a risk that requires 
hitherto unused. untested abilities. 

Behaviours contributing to interpersonnl and technical compsttnce are :  

- being open to i d e a s  and feelings of others and those from within 
one's self; 

- experimenting wich new ideas  and feelings, and helping others t o  
do so; - stimulating there behaviaurs in such a way that one contributes to 
the norms of; 
* individuality (beside conformity), 
* concern (instead of competition), and 
* trust (instead of mistrust). 

Groups increase their effectiveness to the extent that  the leader and the 
members facilitate the above mentioned conditioas, behaviours and norms. This 
is best done by (1) shared leadership, (2) reduction of the gap between leader 



and members, ( 3 )  a t t en t ion  of ehe group members to the group processes t o  
reduce blocks, and ( 4 )  group members expressing their concern for the 
effectiveness of the group whenever they feel this is necessary. 

The above mentioned conditions are the philosophy behind the RLS n6n- technical 
training programme. 

PON-TECHNICAL TRAINING WITHIN RLS 

A non-technical tra in ing  programme will be most effective when Ft i s  
intsgrared with p i l o t  training. Themes which need attention should be spread 
out aver the t o t a l  time available and be dealt with at  moments that  the 
student pilaz needs them most. Problems a d  conflicts in the human faccars 
field, espcrienced by the young student p i l o t  in the course of his training, 
must be taken into discussions and practices. 

and F W  SpwtaiF* m/%ifm 
sbwd3-c&ng --cm Shess-cop. 

The beginning of f l i g h t  training (Cessna 1 5 2 )  is mostly individually oriented. 
The central themes o f  training are: learning to c o n t r o l  the aircraft, learning 
the basic rules and procedures, and the building up of self-confidence and 
safety awareness. 

Then, in the advanced t r a i n i n g  (Bonanza BE 333, the crew-coordination and 
crew-caoperacion come into focus, 

In t h e  final training (Cessna Citation) 'ihe problems of f l i g h t  organization. 
flight planning, anticipation and captaincy on a twin-engine j e t  aircraft must 
be mastered. 



outarard B a d  training ( 5  days) 

A "take of f"  training in a total ly unknovn, non-flying environment. 
Themes: learning to know each other, self-confidence mutual trust, teamwork 
problems, leadership, communication. 

Aviation physiology and psychology (bciefing and number o f  lessons) 

Themes: respiration, blood circulatinn. effects of altitude, human infoxmation 
processing, senses, disorientation, memory, stress, ficness, body rhythm, 
fatigue. 

Safety (1 day, lesson and discussion) 

Themes: stick to the rules, hazardous thoughts, human error, risk atti tude 
questionnaire. 

C o d c a t i o n  and teamwork basics ( 2  days) 

Themes: sender and receiver, active listening. blockings, multiple messages, 
team roles and t e a m  positions. 

Crew concept (initial briefing by instructors and isycholaglst) (4 hours) 

Themes: division o f  tasks and coordination, responsible captain and supporting 
F/O, explicit intentions, speaking up, cross-checking, crew-briefing and 
mutual agreement, check-lists, ca l l s ,  acknowledgements, trans-cockpit 
authority gradient, timing, working scyles, personality differences. 

Proble!a solving and decisfon making 

Themes: foreground/background problem. choice, conflict and stress, v a l u e s , . ,  
team decision-making processes, creativity in the cockpit environment. 

Leadership 

Themes: organizations, team leadership, motivate, how t o  say things 
effectively and respectful ly .  

Followed by taking video's during Citation training and discussion o f  these 

Cultures (2  days) 

Theme: meeting people of orher cultures,, 

CONSEOUENCES FOR MAGEMEWT 

The task of the  management of the RLS will be to stimulate programes which , 

(a )  lead t o  integration,  {b) contribute t o  psychological success of groups and 
individuals in the organization, and ( c )  contribute to the norms of 

*individuality, concern and trust among groups i n  the school organization. For 
example the Fly ing  Training Division pays attention to standardization and the 
regular evaluation of the f l y i n g  t r g i n i n g  programmes by interviewing the 
student-pilots. 

The psychologist may have multiple roles in the organization: trainer, 
supplier of Human Factors information to instructors and other staff, 
interventionist, counsellor of individual student pilots etc. He may benefit 



from the intervention methods of Argyris (which is not "selling" or "telling 
what is good for them" but a really interactional approach) in getting the 
commltmenr: of the staff and the student p i l o t  for a Human Factors programme. 

~ o ~ c ~ u s  roH 
I 

The student p i l o c ,  being "in the loopn of a technicml, social and economicaf 
sy3tern after  t w o  years of training. w i l l  benefit from knowledge and skills in 
the social and organizational field. The effects  of non-technical training 
must be that a bas i s  has been made for being open t o  others, independent 
jtidgernent and thinking, the ability to express himself. a broader scope and 
outlook on life, r o l e  -awareness and sk i l fu l  leadership. 
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DESARROLLO DEL PRUGRAMA DE FACTORES HUI-LWOS 
EN LA REPUBLICA ARGENTINA 

R. Rubio 

Cuando escucms Los distintos come"t05, w e  sobre esbs teras, = 
sas'rienen en 10s ba5s.e~ d s  avanzzcbs en la meria, W e  se teoriza sobre de- 

tall- que been al tcdo en este maqnffica &no que es ir ck lo Mstidar a 

lo qeeral, nos dams cuenta cabal que reabnente es+ms a t e  un c d i o  de act: 

tudes.- 

Creems cpe en hqentina el nmbleim ria es muy diferente que en el 
resto de MIrica Latins. De tdas  maneras, nw re'ferimos exclusivmnente a lo 
que nos cclncieme y, d ~ t r o  de nuestro nals a su hasta hw LLnea de Bandera : 
kmrrineas Fmentinas.- 

T%t2ar8 de hacer aqd una breve re& de nuestra acercmrriento a1 & - 
rn gue nos am-, nara ello debem5 remntams a fines de 1978, nara esa C~OCB. 

mstra m d a  sufrid una exnansiSn y e  en b r ~ ~ r e  t . a r x 3  nr&cticmmi;e *lid 

l a  cankidad de trinulantgs Mcnicos y esto nos obliq6 a enszcc y 8 vreozmxno5 

aor b m 5  antes desconoci&s v que m d r h ~  reslrmir en lo sinuiente: 

1) Cwno d i z a x  las car~acidades p r a  el aaMndD en situaci6n de erechien_ 

to to-w. Hasta ese memento sohente t e n d s  en euenta 10s re - 
cmihios ~eqetativos nx&ucidos aor un ininha de jubilaciones y 2e sem- 

raciones ItGdicas. - 

2) Ccmo hacgr nam seleceionar, -inmmorar y famar ~ r o f e s i o n a l ~ n t e  a 

10s n m s  trimhntes sin brier una hfraestruc- adecuada, en 10 

C&~CO, y si hien mntSbmas a n  un excelente nivel nrofesiond en 1- 

instructores , no tenlams i n s a n t a b  el sistema y los 

de t r b j o  ni actualizadas las M c a s  de la instmei6nd- 



infraes'cructum en cantidad suficiente, him que b r a  neesario cmcmxir a 

Centros de Instrucci6n en el extranjero an& vhcs refkjadas nusstras rnis - 
mas in.quietudes, y nuestros misms o r o b l m ,  tambi6n observana3s ~ I E  en m h o s  

cams ya se e s t a h n  instnmentanb solucienes. Vimcs v a n r e w s  & se hasea 
en el mundo. -%ent.ras tanto, &I nuesLm naZs viviamcrs un autoritarismo oue no 
m k i 6  orqanizauones m a le s ,  y de h h o  intervim lw was aemduti- 

cos, m% tarde natici~mos erl acci les Wcas,  sal-s lugo a una damcra- 

cia que instatnb en Aemllneas Arqent5ri.s wa coduccibn quz no sabfa aholuta_ 
men& Mda del n q m i o  a&o .WK, sS mcho & mlftica, y se &did a eso, ha- 

cer ~ Y t f c a  Bsta tal wnw que en 1986 desmbzams en una muy d m  hue1t-m 

d4 casi 30 dlss que nrovoc6 desnidos y rehwmomcicples, y don& todw nerdj- 

ms; a wntinuaciGn, Arqentjna en- en ma mfunda crisis ecmhica w n  hie5 
irrElaci6n & la cw,l no d m s  estar a1 m a r q e n ,  en esos ttamxx b w i i i s  el 

prk r  intento de nuestro qobierno w r a  vender nuestra con~iiTa. AAdmente 

e s m s .  immms en otro intento de licitaci& a nivel intemacional mra que 

sea rximtizada en un 95% antes de fin de junio del  nresente &.- 

No estd en nosoms dar rdmh t i ~  de oninibn o juicio de valor so- 
bre las d & s  tcknadas, menos a& s b r e  sus causas, sf s-s qus $6 w n  dgu_ 
nas consecuencias. A 10s que de almma manera saben de 10s ternas referidas a 

la salud ffsica v men- de las essonas,  rn b s  @scarlard la sihracibn no e - 
ra, ni es, la mjor Rara g m t i z a x  la seyridad a h a ,  no en vano en 10s Wti- 
m s  4 GQS hems tenido cuatro accidentes gxaws y varios incidentes, en 10s 
cuales afortumdmente no debemos lawntar drdidas de vidas, e r a  sl, 6rdidas 

totales de un Boeirsy-737 y un Fokker F-28 y da*s mteriales en o m s  aerona=s.- 

Hash el afa 1987 b d o  lo,cp~ se hizo en lo referente a moeimienb 

mbw la  k i d e n c i a  de 10s factores hummas en la s q u i d a d  _v en el desarfollo 

de n-s t-cas de ins trxcibn fue r ) ~ ~  de qrandes esfuerzos, hecho .- 
~rsonas  aisladas y con grandes diffculudes en la continuidad, &d& a fires 

de ese &, se crea La W s M n  de De-Uo pmfesirxlal, 2 la que cwnamlan 

las Gerencias d d  Area Eke Personal y la deL Area mrztlva c o n j u n t a m e  con 

la kci.?icibn de P i l o t o s  de Lfmas -4has ,  :! desde aLE, de afquna manem se 

mrenzb-a unir 10s esfuerzos indiviWes en un objetivo adin, Esherzo que 
llwaron adelante las disikfntas Jefa-s de Lkea, de nilotos como Daniel 

Idurii-10 que sabr6 y IIIU&O en t&o 10 concerniente a C. R. Y. , .de Jome Prelooker 

en lo que a .Wcina v Fatiqa !ad we10 so sefiere, a lo q x  alqm06 m&icos de 

nuesL;ra m r z a  -2, i2e h ~scclzci6r ,  c?e ~iL.lo@s, y de la hnresa Perolheas 

kqentinas insinuaron al -0 de un lucl-~&~x carno Silvio Finkelstein desde 

la om.- 



Fuinm commados a1 de rn Pcovecto ??eqional de W I  (el 

86/031) y @ i m s  comer el mgrm C.R.M. en varias versiones en lnrJLSs y 

una en esnaiaol, fuirms a Australian Airlines y a System me, nos crmnaicamos, 
l e h s  y esWamos, totam05 10 d s t e  en & y ana l izms  hasta &nde 

son necesatios 10s objetivos , ~ ~ s t o s  o don* es& n e s t r a  diferencias.- 

~ u e  as% que m t e  el ai?o 1988 cwnenzms a realizar S d n a r i o s  de 

Inkru&cci6n a 10s Factores Hmams. nemrrm a cabd oeho en ts3tal donde 10s 

w c i p t e s  en su van mayoria fuemn volmta5os con el objetiw Ze aacerc- 
miento a la probldt ica  genexal y difusih de la idea nds que con el intento 

de que 6111 --an . . q i r  so1uciones.- 

.mentras tanto se cred un l a b r a t m r i w  cup misi6n era estudiar e in_ 

estigar, el cual w r g e s 6  dl arrimm del ene~siasmo de 10s nrofesimales m%s 

p de las msibilidades ec&cas, y gue esmrlq6 lo qw @ s t a b  en el mundo de 

mmra de ir creando mestro nmio cum. Este Labrabrio esG cammest0 nclr 

3 P~iwatras ,  uno de ellos Presidente de la AsociaciGn Psicoanalftica Arqenti- 

na - ex Presihnte de la ~sw1aciBn Psimanalltica Latimaanericana, 1 soci6lc-w 
del Area de Per~nal, 1 Esrecialista,,m Mucaci6n a distancia, 1 Psiconedagoga, 

A m i l i a r  de a Em& y varios Canandantes, ConiIota y T h i c o s  de Vwdo.- 

A esta altura no estarfa de mbs decir que no nos sen- distintos, 

sol&wnte intentarnos mner la inteligencia 61 se-cio de n&stras necesidades. 

Y es mr ello que estamos sequros que la anrosdmaci6n del n i b t o  a este n-5 
m, es difemte se nlantea una situacidn s o c i o e c o ~ c a ,  de la gravedad 

que mste en nuesku d s ,  conee~to cp ST se ~ d e  extender a otros palses de 

Iat ino -rim.- 

Y esto lo &c ims  - no nos sentimos totalmente ihtificados 

i=on 10s existentes, as< que nuestro T h r a t o r i o  fue elabrando un nro - 
~ a m a  que, si bfen Msicmente amta  a Ios mi- objetiws que se nlantean EQ 

10s -amas que se desarrollan a -6s de O.A.C.I., y de otros orqanisrrws 0 

lheas &@as, lo t ratams de adaear a nuestras pror?ias necesidades.- 

Eh nuesCms sseninarios , hems dado un esrecial &ifasis a 10s ?rums 

Coerativos la 2eterrmjlaci6n fehaciente de la nroblem5tica qeneral y nos he - 
rrms encontrado con resultabs tales am: 

a1 P30 hams terminah ideol%icmmte con la huelqa eel aiio 1986, don& se 

subvirtieron valares relatives a la autoridad formal e informal.- 

b) W d a  se cree, en alcpnos s-s, que h l e m e n t a r  mecanisrms de te- 

rificaci6n y wntrol de las tridaciones basta rara SuDerar t d o s  10s 



yobl-s  y no se lLeqa a 10 n m W  e individual s b r e  to% en las in_ ' 

vestirfaciones de incidentes _v accidente5.- 

PFos dims eblenta que U I a  &stir un mvor n r w ~ r m ~  ile divulr~acidn y 

%ncientiza&6n de deas trinulaciones, r ~ m  el10 va & la mam 6e la auWridad de 

turn. P s i  qw, &mu& de un durc~ nrimer semestre del 60 1989, en el s a p d o  

se destrabaron las  limitaciones imrmestas y se rrudo terminat- con el de Fa5 

t n ~ s  H m s ,  que nusirnos a considsraci8n del Curandante W e 1  Vatriiro, y a 

trav& de su crftica y nwstsas ?&as conclusiones hams corrwia alrTurws e- 
mres, y s q r a m e n t e  encontmremos rrds en d Future, Mochu=to dk l - ~  m - 
ms debs ser  una ewluci6n cons-& con men@ sienrore abi- a la crftica y a 

las nuevas ideas. Hoy creemos estar listm para ofrecerlo a Latinmrkkica, M- 

ra avanzar m in m c q m m  cmh.- 

. H a m  aomenza2o la mmqrmci6n del w s e n t e  aiio con un smimkio 

cp se diet6 los &as 28, 29, 30 y 31 de .?lam0 tenienh m w r i s t o  eursos mensua - 
Les el primer senestre, un rrtes de atglisis en Jd io  y msteriomente, 

* es nuestra inbncibn, hacer &s cars- menmales amante el squnds semestre.- 

Tenernos fechas mv5stas t p m  la revisi6n de 10s Y3FT y su fntnlemen- 
taci.611 en base a criterius m i  forms 2e aaolicacibn de los ~ ~ s ,  ! kmms cla - 
m ape el instructor es la nieza clave v r a  ello y su fomc ih  resdta indis- 
y b l e  . - 

Hems pv5sto, y se fi jar511 10s almnces, de un &an de d ~ d g a c i 6 n  
de to60 lo referente a Factores H m w m s ,  ccmr, as5 tambih el re#lec#r lo ref@ - 
r e n t e  a accidenbs e incidenes y SJ msterior Wisis.- 

P a m  eUo deber ims  : 

bl hc?er  1- amrtes, sabre 'todo con informes de incTdentes y a c s  

dentes . - 

c) kcrementar 10s curses a rive1 lat4mri- ?idLen& que OACL 

y AIW (IATA) den a t r a 6  de sus n v - 5 ,  ayuida e f e c t i ~  -a 

Ilevarlo.os aalante .- 



el OrCJanFzar seminados nara redbir, nosatros , infomci6n. A ellos 

ra este- nrqmm, o que h s  a&r a al& o m  hlemwtkdo o a irrmlemen- 

tars@, la qw nos ~ r m i t i r 6  inczwentar el jntermrbio [ b y  610 con W c a  y 

Brasil dentxu del  mmyecto ~ i t a 2 o )  y q w  serla de ayda  

rica, unLficando lw nroyectos H v i & m l e s  de cada d s  en un ente Intqrador 

Nuestro plmteo futurr, es tender a que concurran a nuestro Curso Ze 

Factores H u m m s ,  todD aquel e r s d  q w  directanme (case Ze los P i l a b s  e 

kgeniems de Vuelo) o indilrectamente, est* irmolucrados con la m c i 6 n  del 

avi6n y efectuar, adenbs, un recic1d.o de 10s m i m  . Swonanos cps d a m s  

recibir 240 a l m s  durante el nresente p tener una meta ds 2000 er! cinco 

aks. Si a esto le minos un nlan de dimlrraci6n v descwtealizaci6n de cursos 
p k m s  Fncrernentar rpxdtricamente las msibili&des de lqrar qm el total 

&L wrsonal amentino y 1- que se adhieran de laSn&ica estdan en m d i  - 
dares & afroritar un cambio de actitu&zs ante el amme de ma h h s t r i a  en 

constante &io.- 

Para teminar &stera ~IE e s t b  sequros de q~ Renos tunado coneien - 
cia de 10s alcances de este ?rapma, Ipr lo tanto i n t e n w s  alcanzar objeb- 

w s  que sintetizar de la siquiente mnera: 

1) m i c i a r  un &io en la foxmaci6n de futures. nilatas desde su inicio 

en la aviacih y su msterior squhiento, en base a prfiles p x f i  ja- 

b, teniendo en cuenta 10s objetims de la mriacidn geneml'y de la 
I h e a  aSrea.- 

21 Aunar esfuenos m n  10s oqardsms nadonales y 10s de todas las nacio 
nes que c m m  IathmmSrica a fin de minimizar 10s msks y solucio - 
nar qzblems futuros. - 

Y CLZtimO, 

3) Omcientizar a la lndustria en el orden mmdial a fin cle que asrrman que, 

10s &ones que hoy y en el fuRuP es* tanto en el aire ccrno en tierra, 

~rteneoen a k & s  10s WEX!G ma,- 



U s e  of MagneWnceph%gfaphy W G )  and 
Hectroencephalography (EEG 1 in Processes of Selection 

and Training of Air Traffic Controllers 

Ruth M. Heron, PhD, M&g.S, 
Principal Ergonomist, 
Tfanspwtation Development Centre, 
Treilsport Canada, 
Montreal, web,  Ganada. 

Low succezs rates in Ute selection and M g  of air traffic controllers 
kaTCs) are a concern for aviation safety ia light of predicted shortages of 
aese operators over the next decade. Any meaningful atteapt to solve this 
problem w reqwe that procemre and instnmernts used in these 
pr- arc highly related to s m s  required on tkre job. However wrestlp 
used aptibde Wts and tr-g pxformance eiteria do not have high 
predictive vahdity, tbjs suggstiag that on-tbe-job skitls are not yet 
adequately defmd. TMs p p r  d ~ i h  an apprwch, using MEGJEEG and 
an Mormationprwsing time line mdel, which may have greater 
sensitivity to elements underlymg skills and, hence, be useful in generahg 
aptidue tests and trahmg criteria wth greater priorman# predictability, 
Adbtbonallp, the apprmch appears capable of developing remgdratian 
capability that could beip to increase the yield of ATCs from an o r i g d  set 
of appficasts. I t  is su~&ed that r m c h  wried out now with these 
k h q u e  would help p ~ e  the way for efficient ~ l e c t i o n  and W g  
p r o x m  as aukmation p r W .  

I t  is a weU b o r n  fact that tbe s u ~ a  fate ia processes of selection and 
t rahhg of air traffic controllers IATCs) is exceedingly law. The statistrw for 
Canada (Cote, 1990) appearing h Table 1 are certainly far from wcouragiag. 
Of approximately 25,000 appliatiaas for training abut half show up for 
an i f l l t i a O  aptimde k t  - a Canadianized version of tbe Multiplex CoatroUer 
AptiQQe Test WCAf J - and, of these, h u t  6,000 obkm the pass mark of 
70%. Anotlzer 500 are then screned out, this leaving 5,500 wbich are 
iatemiewed on me basis of Mth personal suitability and proficiency ia 
simulated decision -making exerciw. Only ac>oUt 600 of those ,interviewed 
are successiul. and further considerations reduce this numbx to 3 12 who 
enter training each year. 

h w g  trainees, some M o  are successiul in the dass~mm fail during 
exercises'ia a simulator, w that only about half go on to on-the-job trainmg. 
Here, the success rate lor those assigned to control towers is a b u t  80%; 
however only abut 50-60% of those a i g n e d  to radar control centres are 
suwessiul (Cob, 1990). According to Cote, Canada has a shortage of 300 



Table 1 

Statistics for Canadian PA Traffic Controller 
Applicants and Trainees (Cote, 1990) 

Selection P r m  
Applicants per year 25,000 
Show for aptitude test 12,500 
Pass aptitude test 6,000 
Interviewed 5,500 
Pass interview 600 
Accepted for training 3 12 

T r a m q  Precess 
Pass class/simulator 156 
Pass on-the-job training 

- area control centres 50-60% 
- control towers 80% 

ATCs today and, based on the Transport Canada Air Traffice Services human 
plammg mcdel, no improvement is expected until a t  least 1996. 

WMe it is true that automation may eventually reduce the numbers of ATCs 
required (Rodrigue, Pro- MacDonald, & Blair, 19691, efficiency of selection 
and training processes will result only if relevant performance assessments 
have high validity. Yet current psychometric techniques for isolating and 
measuring the special skills required for. ATC operation are not sufficiently 
sensitive for accurate prediction of either training or on-the-job 
performance. Manning, Rocco, and Bryant (19891, for example, have shown 
that the MCAT used for selection of training candidates correlates with radar 
training a t  only .17 and a t  only .03 with tower cab training. HopUs (1  988) 
calls for better quantrfication of training assessment criteria that are h~ghly  
vahd predictors of on-the-job effectiveness and urges .mat the full range of 
s U s  required under an automated system be identified. Referring t~ 
results of a task analysis, Phillips ( 1 988) points out that implementation of 
the first system of the Advanced Automation System (PAS) will bring about 
changes in 136 ATC task elements. On balance, then, a first step toward 
assuring a high success rate among ATC applicants is research leading to 
identification of the skrlls ATCs actually use -on the job and, ultimately, to 
fresh psychometric approaches to selection and training. 

A second factor affecting the success rate of trainees is that there is 
currently no means of developing or upgrading identified skills in those who 
do not possess them innately, or who possess them only to an insufficient 
degree. Exploratory work to develop such potential, in hue with Mopfiras" 
< 1938) recommendation that it is essential for the ATC system of tomorrow, 
could result in a methd  of greatly increasing the yield of kTCs. 

s paper explains how a new technique, combining use of 
magnetcencephalography (MEG) and electroencephalography (EEG) wit2 an 
information-procmg model, might be used to address these issues in the 
research recommended above. 



The Informatisn-Processing Time Line 

To understand the roles of EEG and IJEG in the approach to be dessr iw,  i t  
is necessary first to explain Uie information processing model. Th~s  model, 
*ch is the theoretical basis of ergonomics, holds that human respnses t~? 
exkrnal situahons are determined by the flow of information through the 
brain (Sanders & McCormick, 1988). Moreover i t  is generally agreed that 
several stages of processing intervene between the unpact of stimulus 
e n e r u  on a sense organ and the emission of an overt response. These stages 
include, but are not limited to the following: 

- detection of the sttrmulus 
- sensov pr3stence. durrng which an image of .the stimulus remains 
for a very brief period in some sort of storage system 

- swage of some neural transformation of the image in short term 
memory (SKli 

- upQate of long term memory (LTM) where all experience is classified 
a d  stored 

- recognition of the form of the stimulus 
- interpretation of the stimulus 
- decision regarding an appropriate response 
- preparation of an overt response 

Figure 1, summarizing these sensory, perceptual, and cognitive events, 
implies that the process is not linear but rather one involving a g o d  deal of 
interaction bebeen information-processing components and, further, that 
the processes are influenced by other factors such as motivation and the 
general state of arousal of the brain. 

This mcdel suggests that, in measuring performance on the job as well as in 
selection and training processes on the basis of exkrsal responses, a great 
deal sf information about how the applicant or trainee is coprng with the 
stimulus situation is being missed. I t  an be reasoned that, with knowledge 
a b u t  what is happehg  a t  the various stages of information processing i t  
would be possible, first, to determine how experts are performing in various 
ATC-related tasks and,.hence, to obtain more precis+ information about the 
s W s  involved. I t  wduld then Be possible (a) to determine the precise 
nature of an applicant3 or trainee's difficulty, if any, in performing such 
tasks. (0) to design remedial exercises precisely geared to that difficulty, 
and (c) to monitor improvement. Subsequent sections of this paper attempt 
to show how E E G m G  techniques can assist in obtaining this type of d e w .  

Use of EEG and the Information-Processing ~ i m e  Line 

The term 'EU;' is used rather l m l y  here. To be precise, EEG refers to the 
measurement of the overall state of the brain, that is, of its con ti nu all^ 
changmg responsiveness to input, including Uie interaction of that input with 
ens tag  prceptual, cognitive, and memory states. Suprimposed on t2us 
spontaneous activiv are evoked potentials (EPs), these representing 
electrophysiolcgicaf changc that take place as the result of exposure to m e  
stimulus situation. 



Compub+r averaged signals lor EPs are obtained by applying electrcdes to 
tertm sites on the scalp and pmq the wires through ar; ampMier to a 
computer. The pamern of t h e  and other brain r q m s e s  obtained in thts 
way is so tppiai mat the EPs caa k labelled. For eample, ia Frwe 2, tfie 
peaks lahlled P 100, P2 00, and P300 represent w b v e  activity czcurrmg 
at, resptively, 100, 200, and 300 msec after introduction of a stimulus. 
Bemuse of this feature, EPs on b indexed to even& on the Wormation 
p r m g  ttme line. Ernmusation of the ampbhtudes and Labacies of these 
wave forms for an ATC errpert dwhg"periarmance of a set of control- 
related tasks would produce d e w  r%arding the types of snsoty, 
percepbal, and cmtive components of sms aot ava&dble to the observer 
of only overt behaviour, Moreover, the nature of the variability among 
exprts with r q x t  to thm skitl components could W more accurately 
defined, and Uus would grve an Indication of Ue esrtwt to which ATC 
expertise IS g&t a unitary concept, as is assumed now Hopkin 3966) in the 
practice of tr-g to standard. Tlsrs information could lead to development 
oi aptitude tests and b W g  aitersa t l la t  muld have high prdictive 
validity. Electfophgsioiogia output for an appliwt or trainee could then be 
compared to normative data in order to assess bow that indrvidual is 
managing the processing of hformation, and to pinpoint where on the 
informahon prowsing tune tine hisfief difiiculty lif any) Lies. It would 
then become possfble b design cognitive retraining exerases that are 
talored emcap to me drfficulty in questton Ieg. dewtion 01 me strmulus, 
memo y updatmg form recqnitiw, dmsion-m&mg r- preparation, 
w whatever). 

Additional Information with Magaetmncephalography W G  1 

A counterpart of the the EP is the evokd field EFJ which m M measured 
with MEG. The relevant apparabs, unfortunately cumbermme at this point 
in time, consists esnbal ly  01 a gantry system supporting a large dewar 
conbhing superconducting sen=, a noise balancing spstem, and liquid 
helium which -1s the superconducting materials to rmm kmperature. 
Figure 3 shows the gantrg s'gstem W e  Figure 4 presents a schematic 
drawing of b e  d e w  for a 20- to 604aanel system which is now b a n g  
de~ebpc?d by CTF Systems Inc, Vancouver, B. C ,  with the asislance of 
funding tram the Defence and Civil Institute of Envuoamenlal Mediche and 
the Transportation Development Centre. 

Unlike volume currents, magnetic fieIdr are not smeared as they pass 
tfirough the brain, skull, and scalp. Thus EFs, which result from the electrid 
fields &at are producing the Ds, pfpro~lde aa mdistorted signal and, 
therefore, generate even mare accurate information thaa do EPs abut what 
is happening in the brain along the i d o r m a t i o n - p r m g  time h e .  'Flus. 
prop* of magnetic fields also enables more accurate source l m t i o n  
than is possible wth EEG signals. bowiedge of which parts or the brain we 

. responnble I or less-tQarn4ptimal performance 1fatiIitatr;s prediction about 
fu-ture performance. Moreover it provides information that enables an 
evaluator, perhaps wishing to do foliow-up tests outside Zhe MEG latxxatory, 



to use a very small numkr  (perhaps one to three) of accurakly placed 
electrMes. For tbw reasons, a ,.combined MEGEEG approach 1s 

recommended in order to obtam the m a u m  amount of information 
regard4 operator performance. 

vaidity 01 the ~pproach 

Webbrg  ( 1989) wed MEGlEEG Whniqus to s h d y  visual discrimination 
and categorization of targets rnwing across a screen with diifefent 
groMbElibes, a task v e q  M a r  to that periormed by AT& at radar 
centres. Currentty, be and bis a w a t e s  a t  Simon F r m r  Universitg, 
Vancouver, B. C, are successfuy unag this technology b assess the e-nt of 
loss of perceptual and q a i t i v e  strills in brajndamaged individuals, as well 
as to design relevant cognitive re-g exercises (Weinberg, 1989). 
Figure 5 ounines the fa program ol MErJ/EEG research that is undenvay at  
the U. S. Navy's Pesxsnnel Research and Welopent  Cenbe in San Diego, 
Califor&, '-me early findings (HeMs, 1963) are to the effect tbat 
biormagnetic data appear to be more sensitive to individual differences than 
either IF records or ppr-md-penal tests and, hence, may offer greater 
pred~chbility of on-the-job performance. Lewis ( 1 989) has am shown 
event-related p b n W  6EpPs) to b related to success in aptihde indice, 
sonar oprator simulator periormance, pilot and radar intercept officer 
priormame, decisron making and wrklmd, and other opefator bhaviours. 

The foregoiag suggesb that M E G  LEG approaches wuid b useB profitably in 
amafch rqarding bb selection and kaining grocessss. I t  would be 
n e c e v  to &gia with a group of ATC exprts in a study attempting to 
identify and define the name of their skills, aad to determine the extent of 
vuiabllrty mmg these subjects lor the identified s U s .  In addiSon to 
&b&shmg &e Wit criteria for training prtxesses, U s e  normative data 
could alw be uwd as a Baselbe for comparing the periormaaces of Wth 
appbeants and train=. In lwth ass, b e  khnique appears to offer the 
possibhty not only only of m m g  more accurate diagnoses of an 
individual3 pdorrnaace difficulties than is gossible by making iafeswcs 
from overt r e s p m  but also, and in turn, of designing cognitive retraining 
exercises mat afe precisely taiIored to that individual's diliiculties. Et is 
suggesw mat, ia sum, use of M E G E E 5  bxhrriques could lead not only to 
apbmde testr and W g  criteria wth greater predictive vatidiq but aim 
remedlatim capcity and, thereby, to an increase in the yield of ATC 
applicants. 

The use of MEG/EEG wth the MormaUm-procesing W e  line rndel. is 
attributed to Prolessor H, Welnkrg, Brain Rhaviour hbratotg ,  Simon 
Eraser University, Vancouver, B. C, Canada. His invaIwble assistance in 



. . .  gVr,ting Ulif pjpcr is sinc;er+ly appre!;iat.d.(iYi.j..faI:S are a i S ~ j  t ~ ;  F.. C Q ~ ,  

Al; TraIric Sersices, Transpr t  Canada, lor fiir r;c;~, 111 p;OTTidirlg su.:isUcs a.nd 
other iiiforrnat!ra.)The effort5 r,f D. ll~?.r~yck.:/ (TDC) arid her sbif ir, 
preparirig v:su.al material ?..re also gratefu.lly acLr:o?rrleljged. 
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Appendix 

An Illustrative Emmple 

Figure B,l illustrates how data. might br3 coll5cted and interpreted in an 
eqr imenta l  paradigm tha t  rnirnics one of the tasks carried clut by ATCs in 
radar control centres. The subject on the left faces a arcular screa across 
Wk;icR a target stirnulua {a kiangk; app+arz, disappears, -and reappars at  
dillereat inSrvals. He/she is requirec to givs a push-bub&n response each 
Qrne Me brget appears on the screen and, at  end oi a sequence, U trace 
it,r trzjecto:y. The h:lc car? be made more Cifficu!t Ii.e. nore complex) b~ 
adding dlztacting stimuli to the %seer: Esr;l:.zres, circles, ek.1  which w be 
either static or rnovmg; the more similar b the target stifl!Uus, the more 
distractin2 a e  these ab8itional.stimuli. I3ifficu.lty PA further increased 
by including an additicna; (sscondaqjl task: the ilustration indicates that 
inst-ukioaas for the primary task could be preserrted to the right ear (input 
11, those fclr ?k+ zccn&~ry bsk to 3 e  left ear (input 2:. 

The brab rmponse shorn orr the lo'+;~r right. ir, Figxe k! is the continge~t 
negaE7rt wz,cia!ion ICHV),  t,?e large aplicu.de curve indicating Lbat the- 
subject is prlorming very well ill disefirniaating the ltargsc in tnc presence 
of distraction, the low arnplstud* Ulat heishe is not. 

Figurr A2 gives a blow-up of a hypotheticd CIqV respons? for a +ask of the 
sort Cescribid above. Again, a small axplitude fox the CHV would be 
e;~eckci if me subject is Zra!lting difficulty with form Qiscriminatior,. The EP 
to tho r!ght of the CEFJ is the F p 0  wave for%: a delay in the appearance sf 
Ulls EP and/gr a sm?Jl zroplitud& of L!e wave f ~ r n r  wolllc! indimte subject 
d~fficulv witA r c s p c t  tx, memory u@aw CQgaitive retraining, in the first 
case. T ~ t l I d  I&$ the form of practice with gatterfi discrimination hsks, -in 
the second case practice with memory q d a t e  @kc,. 

I t  should k undef.rS%tod t,2at 3ie paradis- describer: ab.rd~e is designed b 
elidt informarim regarcizg on17 elexect oi the skills used bj' ATCS 
wader ens set of cor,diQor.s ! n ~ ~ e l g ,  cl,isc:i~inatisn of QCF mwing sti~cm:us 
from other moving stirnun!! Ir! or&r tO arrjoe at  ar, m-daranding of the 
complek rmg* 0 1  th* skills, data would n e d  tO be co1lecb.J for a n u h f  
of paradigms des~gned b ropresr-nt an irrc1ilsi.r~ set of XTC task elements. 
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AUTOMATION OF FLIGHT DATA PROCESSING AND 
PRESENTATION IN REPLACIlJG FLIGHT PROGRESS STRIPS 

I. Deuchert 

In the beginning of the 1980's the "ad hoc group for the coordination of  the 
STT p r o g r a m  on colour displays ,  s tr ip less  sysrems and speech processing in 
ATCn was established within EUROCOMTROL. 

The basic question in the beginning was whether colour should Ve applied at 
a l l  i n  an ATC-environment. Meanwhile the development in industry suggests 
that before long monochtome di sp lays  will no longer be on the market. beading 
t o  the point that the above question is of no further relevance. The question 
ta be answered now is h w  Zo code infornation by means of  colmr i n  order t o  
gain capacity within the European ATC-System. 

In order to  expedite the work and to stage specific simulations, the so called 
ODID-Group was established in 1986 as a sub-group o f  the "ad-hoc groupn 
mentioned above. ODID stands for "EVROCONTROL Member States ATC Operational 
Display and Input Development Group". 

The objectives for the working group are specified by the foLlowfng terms: 

1. Define and establish by using an operational ATC proving model at the 
EUROCOEITKOL Experimental Center (EEC) in static and semi-dynamic 
evaluations and real time simulations. an operationally acceptable and 
eff ic ient  cmtrol environment using electronic displays to replace flight 
progress strips. 

2. Develop from these results a further improved ATC environment to test and 
validate previous findings. 

3 .  Prepare a valid European standard of data-coding ru les  and f l ight  progress 
strip replacement principles. 

Meanwhile two ODID simulations have been executed at the EEC at Britigny arid 
the third Fs due at the end of the year. 

For ODID I-simulation two adjacent control sectors within the airspace of the 
United Kingdom were simulated. The simulation was based on specifications 
which were already available in the United Kingdom (Project ECC 404). The 
sirnulacLon was carried out in June L987 with the participation of five 
controllers made available by the N a t i y l  A i r  Traffic Serv ices ,  London A i r  
Traffic Control Center. 

The basic operational concept was the following: 
, 

1. The simulation assumed a sector-team composed of one EC' and-one PLC', a 
(not simulated) flight data ass i s tant  at  a remote working position was 
assumed t o  have ensured manual f l i g h t  plan handling a s  necessary. 

2. C~ntrollers at measured sectors had i den t i ca l  equipment, EDD messages and 
input functions a t  their working posi t ions;  this  provides for equipment 

, redundancy in the event of failures and f o r  flexibility at a given sector. 
A t  the same time, each controller manages h i s  own displays autonomously. 

3. Although all displays are considered complementary t o  each other. the 
principal display for the PLC was the EDD and the SDD f o r  the EC. 

4. On the basis of avtomatically displayed messages replacing flight progress 
strips, PLC's planned the transition o f  aircraft throughout his sector and 



communicated by TID input options affecting the evolution of traffic t o  the 
d a t a  processing system. The SDD essentially was used to v e r i f y  the effect 
of previous planning action. 

5 .  The EC" was warned a t  the traffic anticipated t o  enter his sector also by 
electronic messages replacing flight progress strips. He was however t o  
base his actions on dynamic information d h p l a y e d  on the SDD. Tp assist 
him in doing so, the dynamic label managemenr was based on the principle: 
"The bigger the label, the greater the outstanding-task" (max. 3 Lines 
against 1 1/2 lines signalling: no task outstanding). 

6. Some emphasis had been placed on attention getters for a number of 
purposes. First glance recognition of outstanding tasks, peripheral vision 
highlighting and colour changes for warnings have been employed in a first 
pragmatic approach. 

7. Another concern has been the design of TID input order sequences to follow, 
whenever possible, R/T phraseology and t o  prevent time consuming non-valid 
inputs . 

8. F i n a l l y  i t  was considered important that no change in the data display 
configuration occurs without a voluntary act by a controller in the form of 
an inpuc. 

The measured sectors (Pole H i l l  and Irish Sea) were simulated with a manning 
comprising a PC and EC per sector. Two possible seating arrangements were 
foreseen. 

In Organisation 1 the arrangement was: 

EC PC 
(POLE HILL) 

and in Organisation 2: 

PC ec 
(POLE HILL) 

PC EC 
(IRISH SEA) 

EC PC 
(IRISH SEA) 

Initially two colour conventions were defined f o r  evaluation. However, during 
the running of the simulation the participating United Kingdom controllars 
developed a third convention which, in their opinion, combined the most 
appropriate portions of the initial conventions proposed. 

Colour Canvention A was direction orientated. 

Colour Convention B was outstanding task orientated. 

Colour Convention C - brought forward by the participating controllers - 
maintained the direction orientation but added to it tho notion of task out- 
stand ing. 

As results it could be shown that bath organisations were w o r b b l e .  but 
organisation 2 (both executive controllets seared next to each other) was .. 
preferred because it allowed more "elbow-coordination" which reduced telephone 
coordination to a large extent. 

Concerning the Calour Conventions both given conventions deemed not 
satisfactory, which l ed  to the invention of Colour Convention C. 
However, same major statement could be isolated: 

- brightness coding should not be used, - colour should be used sparingly. 

Beyond these results it became apparent that for all three conventions the 
system was too input heavy because hardly any automatic coordination was 



implemented. The touch input displays were too slow in reaction, which l e d  t o  
the fact, that the participating controllers repeated the inputs and so over- 
loaded the system campletely. 

The structure o f  the TID's was not adequate and led to search times which were 
intoletably long. However, che general finding of ODID I simulation showed 
that even under heavy traffic conditions and in spite of all deficiencies 
concerning the equipment the stripless system was workable and e v e n  showed 
some advantages concerning flexibility o f  the information display. 

The next s t ep  was O D I D  I1 simulation. Here for the first time the adjoining 
airspace of t w o  member s t a t e s  - Brussels-East and Frankfurt-West - was 
simulated. 

The general-objectives for ODID I1 simulation were: 

- to assess the adequacy of the data hisplayed and input functions for the 
PLC and the EC under various loads and - t o  investigate the suitability of sj-stem supported coordination functions 
used by the PLC's in different sectors. 

For this simulation two organisations were compared: . 

- Organisation I was based on Colwr  Convention C and the message formats 
used i n  the ODID I simulation: - Organisation II  followed a completelp dtfferent concept, which was taken 
from the GATC 80 (German A i r  Traffic Control Concept of the 1980's) 
specified by the BFS in the early 1970's. 

The main idea within organisation If was that coordination i s  generally auto- 
mated. Reactions of the receiving controller were not required unless he was 
unable to accept certain flights. 

For ODID I1 simulation two teams each consisting of two Belgish and t w o  German 
controllers were made available. However, o d y  half o f  them could be taken 
for measured exercises because during the first two weeks the system was still 
under debugging. 

Severe problems occurred during the simulatign because 

- several items could not be displayed-,as specified 
- the input-media were too  slow 
- the blLp drivers were overloaded 
- the quality of the radar display was insufficiene 

Neverrheless some valuable results could be gained 

The major outcome of ODID I1 was: 

- the system simulated was workable in spite of, "teething troublesH and 
extensive technical diff'fculties - the method employed in organisation I1 (coordination by exception) was 
preferable to that employed in organisation 1 (systematic coordination) 

- as a conclusion it was found that for further investigation pre-defined 
automatic coordination methods (such as standard levels) should be 
developed wherever possible. 

During ODID I1 for the first time objective physiological measurements could 
be taken. The EhC measurements showed the  following r e s u l t s :  

- this simulation confirmed that it is possible to aperate EEG equfpment in 
the course af a real-time ATC simulation without significant disturbance 
to the simulation or significant loss of data. Electrical interference 
appeared to be minor (perhaps because of the relatively low frequencies 
involved) 

- where alpha rhythms were present at,,,rest, they appeared t o  be reduced 
under mental load 



- the patterns of mental activity observable in EEC's appeared to be 
related t a  the nature of the ATC work being performed - PLC's tended to 
show no lateralisation of mental activity in the performance of their 
tasks, suggesting that it involves both recognition and reasqning. 

- there was an irldication of controllers under heavy pressure running i n t o  
a s t a t e  of mental overload which - for fractures of seconds - puts them 
into d "dreamlike state", unable far normal perception. However], t h i s  - e f f e c r ' i s  l i k e l y  to occur i n a  "conventional syctkmu as well, provided 
the traffic load is high enough. 

Another object ive  measure used was the SKAT. 

The SBAT divides the work assessment into three aspects: 
- time pressure 
- mencal load - emotional strain 

Each of the three aspects is assessed an a three level scale 

SWAT standard scores vary closely with the nuder of aircraft actually present 
i n  the sector. They suggest that, in both Organisstions, the EC is more 
highly Loaded than ehe PLC, but that Organisation I1 reduces the E C ' s  loading. 

It is planned to put: ODID 111 simulation on stage by January 1990 dealing with 
vertical setrocisation of the adjoining aitspace of Geneva and A i x  en Provence 
Centers. 

In ODID 111 more emphasis will be put on graphic displays and input devices. 

In parallel to the activities of the ODID-group the BFS is doing own research 
work in the field af optimizing the controller/computer interface including 
the replacement of f l i g h t  progress strips and automation of ATE-coordina~ion. 

The facility used is the "Experimental Uarking Position SimulatorA (El61 at 
the BFS-Experimental Center (Erprobungsstelle) . 

The first two BFS-simulations were dynamic presentations of  flight plan data 
on coloured EDD's which did not  al low any interactian between controller and 
system. Results gained from these two attempts in 1980 and 1981 showed that 
the replacement of rhe "old fashioned" flight progress s t r i p  is  rather . 
d i f f i c u l t .  On one hand the  s t r i p  is the oldest tool used in the ATC. I t  is  
easy t o  handle, and by manuaLLy putting the strip in its appropriate position 
i n  the b a g ,  it  marks i t s e l f  i n  the memory of the controller. FIanual updates 
again assist memorizing. Beyond the se  advantages taking the s t r l p  off the 
board again leaves bench marks in the memory. 

During the past  years radar and synthetic radar containing a vast amount of 
information and various other sources of data have been added to the working 
position of the controller. Replacing flight progress strips for t h e  f i r s t  
time involves the withdrawal. of a well accepted and handy tool. As 
controllers tend to be rather conservative as far as innovations in their 
working environment are concerned, the change from conventional flight 
progress strips to dynamic data displays had to b~ executed with great 
caution. 

Considering these thoughts, the first: question to be answered following the 
f i r s t  two experiments in 1980 and 1981 was whether the participating 
controller consid,ered the system presented - followtng specifications of GATC 
$0 - as principally acceptable. 

Hare a fairly clear answer emerged. Afl 32 participants stated that they 
could imagine that a dynamic data d i s p l a y  combined with automatic coordination 
fearuxes and automatic updates derived from the correlation between flight 
plan data and radar data would be of advantage and open spare capacity. 
Fallowing a long period o f  time, which was necessary to establish the 
Experimental Working Posi t ion  Sirnulacor (EUS) ,  the f i r s t  dynamic simulatton 
allowing interaction between the concrolltr and the system could be staged in 
February of 1989. 



For this simulation the Frankfurt West sector was set up, using basically the 
same specification and the same traffic samples as were used fox  ODXD I1 
simulation. In order t a  reach high traffic loadings, 50 up to lOOX 
additional traff id  was added to the traffic sample derived from the busiest 
day of 1987. 

To gain objective results time spent on frequency, telephone and input devices 
was recorded. Besides this, the same questiorrnaire as used for  ODID I1 and 
the SWAT were used. The main difference compared to ODXD 11 was a closer 
adherence to the original GATC 80 specification. 

En this context - f o r  example - an address number was put in front o f  each 
callsign, both on EDD and SDD. This change led ta a drastic reduction of 
search tasks and input time on the TID and allowed a free choice to use a 
keyboard in addition. The main point derived from the answers t o  the . 
questionnaire was that  a l l  participants judged the system as an advantage 
compared, to the conventional f l i g h t  progress strtp as far as the planning 
contraller is concerned. 

However, the controllers stated that the amount of necessary inputs has t o  be 
reduced further and that a still higher degree of automation is required in 
order t o  gain capacity. 

Generally spoken the concept - as it was presented - seemed acceptable. The 
principle to reduce the information displayed as f a r  as possible and present 
specific information on request only, seems t o  be a s t ep  into the right 
direction. 

However, other ways of displaying information - Like graphic displays - should 
not be neglected: As a result o f  ODID ?'and I1 simulations and the bast 
simulation executed at the Experimental Center of BFS some principles should 
be kept in mind: 

- problems may occur with controllers wearing visual  corrections, 
- the colours used should be matched concerning intensity and brightness, 
- colour coding should be used sparingly, 
- brightness coding should not be used, - more automatic functions should be implemented, in order rg relief the 
controller from standard tasks ,  - the information displayed permanently should be kept to a m i n i m ,  

- the amount of necessary inputs has.to be reduced as far as possible, - t h e  transfer of displayed data into memory has to be ensued. - prc-defined automatic coordination methods should be developed wherever 
possible, - input menus should be linked more closely t o  the task t o  be performed and 
should be furnished w i t h  artificial intelligence, - in order to get valid results three to four weeks of systematic training 
should be compulsory prior to measured exercises. 

It seems that the paint is reached at which all findings should be s e t  
together in order t o  issue a f i r s t  recommendation towards common standards. 
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dz i k  sezss i ir ln  de f ~ t i j u e .  

5' i n v e c t i ~ ~ ~ i s n  e &ti  subif p s r  11 a3ntr6:~ur's lr- IE c i r x -  
i c t i p n  a6r ier,ne d a y  s erv icea  ?3d,hTP,R2J de l i A < r  sp. lrt  B ; c o ~ c s t - ~  
C ; 3 ? e n i  .3e t 3 ~ s  ce'-1:;-cl ,sezle Qtai; f e:,,i.ze. 

Lks. ,.c ~ Y S  s4f e t ~  ' a  Y ~ I  i4 e ~ l t r e  35 e t  45  eas. , 

iq a c h = i s L  ~ 3 ~ 1  L' i n v e s t i g e t i 3 n  1s p 8 r i 3 d e  E e  le sr iesz  
d % L ~ ; c a r e c t C r i s Z z  2s: uq t r a f l c  i n ~ e a s e  j o'l;rar,t dear: r e l $ v z s ,  di 
f3ur  e :  ea n i i ; .  

;; tesr: E & : E  1Ba>i3& ?endant 4 r.lo;xt.r,ts Zu pr sire..ti.le dt! 

12 heurcs:  E U  C 3 0 L 8 2 C B . r B : l t  d e  1s relgve,: is fin de IF. p S r L 9 2 ~  l ' a c t i  



~ i t e  e-i ( i ~ r l i t S  fie c o z t r 3 l e u r  i d~ c i r c a l t t i 3 n  ekx ier r r .~ ' ,Q  Is f i r :  2 e  

lh are.:.lkre ph~f i i f  de t r a v a i l  e t  b la fir, de 1~ r e l i v e ,  
-ca z , i e ~ l t b t s  :;otendE ie ces' i?rcl ives o a t  G t b  i f l t s rprgt ; ; :  

i ' h L i e  des d t h s d a s  s t u t i s t i q u e s .  
On o f 6 l t  2:: d6te r . , . ine t ions ,pou1  ckcc-ue  d f e n t r e  3 1 1 b ~  

Gtcst 6 to'2Liz 1 e ~  indLca teuxa Su3iec t i f  e t  o b j a c t i f .  

L n  a s ttr. ibu6 e c s u i t e  u ~ : r  dcux t y g e s  da r e ? a t l n n s  Q t ~ s l r ~ l s  
I 

per le c . x f r n n t r t i 3 n  Bes d e w  LntLceteuxx ?en a i . g i f l c ~ t i a z ~  p r g v ~ e e  

>cr l l e u t e s x  d u  test. 

i ? b s u ~  kid e t  cmclusi  sa.sr_ 

LC: T ~ S U ~ ~ S  t~ e ~ f 6 ~ i s t r i i  ant conf ixc i  par t i e l l e x e n t  lFi .ypa - 
thkse 29 t r e v s l 4  ties=-a-dize rjn renaerqitf: deo :zodi f icot i sr .a  du t :nu2 

;csyc!iique  WEE l ' t c t i v i ' t 6  du. p ~ r ~ ~ n : ' . e l  .entreZn& d ~ n s  le . nyi.etkr;c de 
c a t d u i : * c  e t  c s l t rg l e  de 1a c ixcu2er imi  e ; t i e r ~ c . - .  ' 

:' G v o l u t I m  Jcs oscillati3ns du eGcLt  6nsxb&t imf f i ' &  pa?, 

cownE cn pc7urxe.t ~ ) P ~ S S Y  :a? sen8  ge'ni$ralrl.~nt r &I asa i f ;  clle est 
carec-lerisbe +per unr grsnde veriet4 B f a r t e  m r q u s  W u i d a e l l e .  

LL i z d i f i ~ 3 5 i a  d - 3 ~  ~ J I W S  rie 13, reiatiw des d e u  indicctt>cxs-  
suSSeetif  e t  objectif- e s t  l'er~ressisa dz Le ;nanLGre p ~ r s s n n e l i e  
dans l a q u s l i e  cba;!ile au J c t  2 x g p ~ c d u  aux e ~ l ; i c i t h t i o r r s  de l 'ectivit.6.  

Len dif f6r e f i c*~  en trbeirc5ries  ant d6teriimin6es pax l e a  S;c.t=urs 
gage:t,op14ys i 3 1 0 ~ i t x ~ ~  'IIL~ -csnfirent 1' ~ i c i t 6  dc la, pe:s;r:ui.e, pe r:.;i 
le~<>:i;.ie s' izp>se?s ceLx like 2 k dyna.aigut near 9-poyciique, l n  
stztizfare de tsrnp&:t==zt feSp?Ct ivc=ent ,  i 18 1 ~ 3 : 3 i l L s e t i 3 n  t ra l i , t i ve ,  

+ 
H I n  a ~ x v c f u r e  e t  l ' i i i t enaf f6  de l a  zotivatign k , h ? u e l k e  slajnl;te 

lu~xpGrience ~rsf=ssis~nelle, 

>: canpsroiasn de I ' 6 ~ o l r i t t o n  de deux s u j s t ~  ~ 2 p s r t e m n t  e * i  
gr3'cl;re q u i  c f s i t  l ' o i i j e t  3 r  l l i ~ v e s t i g , s k i s n   ifr re un E X ; ! - ; ~ G  8 1 ~ q u e ~ t  

d r i n f l ~ e : 1 c c  e:.r;r c$e p s r  les f s c f eu i s  "te:~;>ireil,ent" et ' ' type de ;:sbF- 
l i s c t i m  v3:itia:e''. 

Lb s;jet i<.cr. E des c~rect6xiotFques ce te,zp&zacltnt 5 ; 3 z P 3 3 t -  

dertrrcs sen;uLne ec c ~ r  tains a t ~ r  ibuts du. t x g e  f l e i ; a t i q l l c ,  Zelt e z  

Traduit SJUS a s 2 e c t  Bzerg6: ique-rol i t i I  per un f a n d  &nerL;gtiquc 
r i c h e  r t  d:sake aagqnet de lle,Pf a r t  v o l s c t i i r e  e t  dee. : ~9s;drces 

'BnerL6~iq~es.Ces c~re:tSristiq:es ssnt  r e f l d t 4 e s  dsas esn Q v 3 l u t Z ~ n  

Eusgi,qui eat c o r , s t a ~ L e  pendant toute 1& durge deu d 8 t ~ ~ . u i r , e t L o n s ,  
he 2ain;enent 2 des v a l e u r s  sFtu6es su-dzssus du nivecu m y e a .  

Le s ~ j e t  G . 2 .  e s t  d ' m  type  5 prf'dozinance c~l6rigde,cersct6- 
r i s e '  par An f m d  6ner:-.Gtique xiche, i :nls  aussi p k r  un5 g r a d e  cDnsc3- 
. * t i?n  G n e x g i t i q u e  i n s u f f i s a s e n t  dss8e. 

. - 
keF: :;ens de  c e s t e  c a t & = a t i e  enre l r i s txent  que lque fa i s  des v r h i s  

a a u t s  334s l'esgect de  la n o b i l i s a t i o n  des ressourcfo  6cerg6=iquea, 
d '  une massivz dG2anse d '  4 n c r ~ i a  j u q u ' b  l T & p u i a e u e a t .  



.. 
u3 fe cteax i n f l u a n t  a u s a i  h c a n s o t ~ a t  i o n  inexc;&tique u s t  , 

EII ~ l u c  d s ~ :  :i!cteurs p~ychs-phj-oiologiqura,i"exp6ri~1ice gersstfine?le- 
Ln cc.lsttlte einsi qu'; uti nivaau fiod61f: de fatigr;e llCxpQricnce 

p r u f e s a i o n n a L l a  sxerce on 25ie pe cor:lpen.etion,influant p3pit ivr lwat  

ltaa;ect q u a n t f i a . t i f  e t  q u e l i t 6 i i f  d c  l'ectivlt4,Mals l'affet ds 
' 

.Cs;Upen:+: :ion u t o  t tenu; evec l a  pr 3cr&sj d e  ll.&rat d e  .ffitirue verB  
S#  fame bcc.entu6e. 

L'enelyce des r 6 s u l t u t s  de 18invest i ,p  t i o n  8 per::r~s , o u t r e  l e a  
n b s e r v s t i 3 n s  x e l e t i v e s  aLx ssrrects s p d c i f i q u e a ~ n k  l n e i v i d u e l s  ds la 
d,vnoaiclue d e  t ogbs ?s;rchique,  1' sbaerva t ian.  de ce r tairs tapecte  ~ 3 . 1 1 -  

iJJti3 .'Y C303 les ~~remres  du Lr0u;re. 

Les comgostn ta  du Groupe ci-bessua i xn i fao tent  une tendance . . 
' Lif i4rs la  %e surestLrzztiw des r s s c ~ u x c e s  Qnsr~dtiques su cxmencetctit 
'de liectiviti,zk~e l ~ r u q ~ ~ e  -objective:aent- on earegtetre I ' s p ~ s r f t i o i l  
dc 15 senar.:tion d ' e f f a r t  ek an dsbut du phin3uke de feti';.ue. h l a  
f i n  de l(interval1e de t r e v ~ F 1  on 95oerue le x & d u c t i ~ n  d~ nlvetit; ie 

ra3t ivst isn, lc  c r o u p s  o s c i l l o n t  entxa WAI nivefiu essez heut de ress>:ircec 
Q q e r ~ . i t i q u e s  ,n.si= r: .~biI ls&cs  er, p a r t f e  , c t  un s u t ~ e  r&&iif;  ,c& tectdr'io- 
t. iqus ou ph&n3=Bae Ce f a t i j i l e  ezfective. 

: E d t t ~  c ~ r , s t ~ t a f  i ~ n  e t  explique par lc hit gtle I '  ind i co teax  
sdbject:'f,ca l c u l Q  en veztu  6es r6p3nies  .dinndeo j a r  l c s  a u i s t s  ~ l ;  

s c u s - t c ~ t  d ' e p p x i c i e t l o c  des xeasour5cu Qnarg&tiques,c~astitue +*.a 
xts;llefa.-.te qu: uit le f31d 2.5 inativati3n e t  l e s  s s ~ i r u Z l o n s  CL 
s u j ; ; t , l '  i;.*:,e aJas loquelle il v e u t  Otre idcnt i f fd  per  l e s  g e r z m n e s  

+.e litctsarn[e rez?9ctLve,11snt. 
Lisnelgsn l e  la 1 e l s t i 3 n  enkre Is cLveeu de; p e r f ~ r a a n c ~ s  

nzj:emee d l  ;r>u?a e t  lc %men' du $ o a r  qa322 on les a o5fenu~s 
p e r ~ e t  L ' o 3 n e r v a t f  33 8 " ~ u t r e a  Pspects  c~c.n;uns. 

L Z  B cnzs ts td  i: t o u s ' l e s  i:cmbres 1 d  troupe s a 5 l c s ~ n t  i'Fsves- 

t i~ l i tL3f i  IE d i i ; i n t : t i ~ n  i z v e r i e t i ? ~  de l ' i i ~ h i a t a u r  s i l j j s c t l t - r e f g e n t  
l ' a , : ; e x L t f ? c ( s u b ~ ~ c : i v e )  de l a  f a t L ~ u e -  d'wi p9int s u ~ C r i e u r  L u:: 

a ~ t r e  i z f & r i e u r  2 l e  ~ 3 y e n ~ 2  v e z s  LR fin du projre:#.fie dt8ctiviti. 
L t  Q v 3 ' L u t i m  i a  l ' l t l d i c r t e a r  o ' c j ~ c t i f  ee  i > ~ ; ~ e f i ~ e  3 0 i I Z  ~ C I J % S  

d l f : ' k r s ~ t e s  , s e l x  I F  d&r sulertient de l q e c ' ; i v i t &  i c ; .  jaur ~t de mi';. 
Ge 5 3 ~ r  I' t;Chcfiteur object if er1:rel;ist; e L;ne Cvz!.uti3n 

descendent? 2l;squr dens 1";r;i-nidi ,e::sl;itc 1'6v3lut' is .?  2e ce lLL - cL  

E ~ v i e n t  edcenic-nte Y ~ X E  fa P i n  6~ p r  3irn:ur;le d ' e c t  i vFqt6 .  C?:E .s'expliqnt 

61'23~ S L I ~  pr?r l e .  d a c l  ia des fozctions pn;;ckophysioL3c:ic!c;e~ .mrnuzst 
" 1 ' i < 3 r o p h & s e t i  dans I'oprbs-aidL,d'autze p a r t  ph1 l ' e l f e t  28 l ' a ; ; ~ e r i -  . 

t i 3 2  Z P  Padi te  ~kcLtatisn ae "finieh". 

?endant Le r e l B v e  d e  n u i t  l - '&vo~ut:nn d e  l'indtccteur . . 
o b i e c t i f  se ;~rGcczde s?u? l h  m h e  forin@ que d e  ;;o;lr, s6 ~ F : u E  i i  35 

a u - d ~ s z u a  r,e le niyeznc k lo f i n  dl; > z ~ ~ r s m r , ~ e  pouvcrit sJexpri;ll;er 
\ 

p e r  l e  phZnmgne d a  c:oissafice-psar LID court in terva l le -  2e 1 1 i s t e n 3 i 3  
du ;113c&s e x c i t a n t  i l '4aSe  ~ p r ; ? s  mi? nxit d~ p r i v e t i s r !  rle .zc..;seLl . 



I? f s u t  fail F an ::iention s p Q c i a l e  r ' e l e t i v e  sux c o n t r  9letirs 
de La c i r c u l a t i o n  841 Lenfie travhillant ?fins le se'rvice L'..:, d; n ~ i t .  

'LFS vs l t i i l r s  p l u s  pe t i t e s  anre ; ; l s~r&ea  encre les  heures C C " " - ~ "  

par l e s  indieateure  ~ u b j e c t i f s  e t  3b:ecZifs c m s t  i t u c n t  une i i ? u s  :re- 

t i 3 3  T:G I ' L : ~ ~ F E E c - . ~ ~ ~ c x  d~ tibit h e x i  ~ tLc .ua r f~g r i .w? t  ps tenth f~ t i c d ~ ,  

t ide 15 e 3 d z - a 3 l i i c i t a  ti3n ~ u F  GLI v ~ l u : ; ~ e  r ~ & l ~ i t  ~ ' E I C  t l v F  5 6  dr Y 3i. 

dens  l a d i t  l a t e r v a l l e .  
.,c penssnt EUX 6s i )ac ts  c i -deoaas ,nsue craymo quo 6kl;na r Eclie 

u t i l i t d  s e r e i t  uee b3nne e5ldii3rot Lon ciu ?racks 2u t r e v ~  il ;lor 1' i n -  
t roduct l r rn  2 2  deux ysi;nt.s s u p p l E ; n e ~ t ~ i r ~ s  ?.  cellss dCjE p r $ ~ i l t : ~ .  

p lua  cx1r;esll'j-2s a i n u t e s )  , l i e n  entendil SPRS : a a d i f l e r  le t ~ i z ; , ~  

e n t i e r  b 7 ~ c t i v i ? i . ~ t o ; s  . c o z s i d a r ~ n s  cue  dz c f t t e  .mr. i&xe la as:!s~zL3r,  

sa5:ec:ive da f ~ t i ~ u e  s e r e i t  stteaue'e e; I& r i p a r t i t i c r ,  a e  lo coss3:n- 

.w:ti3n jnerLQt iqse  asrtif 2ius 4qdi:ibr6z. 
C ~ E C L U I ~ ,  ST: ? D C I Z C ~ :  d i r e  que :'rp:lrcst i3r! Ce 1' $prc . j7c  

I I ' X  rE;JC?.;tDZ5s . -"IsL::1?3:l..1s" en r 3 u x 8  in -dk ns d i v e r s  .,.z::lcn:s 25 L'tc: i- 

;?it& r4e51E :s-;l:;i: <err i ; :d ic , - .z i~ns 1 ~ 1 ~  tL+:cr: $ :. for...e z. Ir 
. . .  . .  ;,r:jvi:: d..: l o  fc :&A$ .  3 l l e  j re lz i t  a u s u i  d o  id32 ;if:er l e s  l : ~ r , : v l s ~ z :  

( j ~ i , ; ) ~ r  fie2 ;.e i s 3 . 1 ~  t ~ z a n t  d e  I s ~ r  px >?re s t:;ct~ro P S , C : ? : ~ ~ ~ E !  JG 

F. I t L.,, 1 .. e ~ ; i ~ i t <  ~ s r  33:&2 E . ~ - J ~ % , - V *  Y ,..,, Y d Z  j.3r3-j~~.i::.1; , E ~ ~ S E P Z ~  L\ C Z  U!i 
-, ;I-i - .  

s;;~. .or:  rlr.cri:Q;i.,~; a ~ f i c " i t e i r ~  , :3:iZitLsrl.! ca  per s:. netar  e I E E O L ~  

l c  pr g b s ' _ l i ' L i t E  Ci! It. ?r3(i;lcti37 2 '  erxeurs &r.o l'uccai:.;liz,sezer;t 
da:i C!IE:;:~: 21 o f  esui ~ i n e l l e s .  

t.2 x . : r , u l t e t e  ~.;TG:!UD r-;  C ~ U I S  de . x l ; t e  i n - : e ~ t i , f i t i ~ n  c3.1.- 
C p?ki i : :  :.v": ;..c.'Y ,.?irni:: ;.er i e  ~ L V C ; ~ ; > E ~ : E ~ L  r'e l 'Gt;;ee ~f_ur;. >:a:: 

$1 * z , . S . 3 ~  
&:L?-: :3::.1Jrr; (?c; r:id.:tn 66 It ;i?<.ce wt&,:sr.la p r ~ ? c . s s i c : ~ n e ~ i e  ? ~ z r -  
T L ' i t  t ... " ' - , ..LLL.:Y BI ; e .r.32c 3 2  s;l?a:L~n der: p: ;b:&-:es c?.:..:.e: 1' 2rg: - 
n i .%ht i  lr: :ir; 71 jirs..,,,? 6 9  t r c v *  j l  < l' g t z b ? i 3 ~ e r ; e ~ t  fie l e  z ~ ; c : P . s : : ~ ~ Y  
?+?$ d:iTg2:  si<1;2::ceP 45 a C T L v i t <  et 2~ r @ : p h l ~ s ~ e . : ~ ~ ! t  ~ ~ ; ~ f i ~ ~ f  

T: 1% c&;aci;P t r > v q i i  j ,ik; ciffg:saces G a t r c  if:: ~ , - . i c i : ~ l , l e  
s;?kc:inr: $t 1' a y i ~ s : g t i 3 r i  ~ I J  sc: a7::ncl. 



3;. 2 ZVC.::~.~. g ~ F ~ ! k ? ~ ~ L r i q ~ i  de s < i 6 c : i i n  ez2  'cgnstitzi: . 
-2' $21 ~ a v e 3  c:;24z i : , i e a t ~ 1 ~  de t ~ > e  elasa l q m ,  4cr l t e s  o: 

efftctudcs 1 ' ~ L d e  ds cer tq ico  i i p p a r e i l s , .  
-qllzs t L sane :I as, 

-:?G:k3l?es pcr,~et;s:!t l i 6 - ; a I u ~ t i 3 r l  dr type clinicue: I t o : s : l ~ & s e ,  
? ~ s P I v ~ ~ ; ~ ~ z s , & ; ~ I .  LQ, c ~ j l g ~ r t e ; i ~ e n t  dr; s u i e f  en diversez  ~ e t t u ~ t i o z s  
3: ~ c t L t l i t 6 s ,  1 ' ~ m l ; t ' s e  des dombes  ~ o c i 3 - h i c ~ r ~ ~ h i ~ i l ~ 3  o t  2e 

i ' P v 3 l u t i 3 r c  ae 'L s ~ t - ~ ~ ~ t i a n  S C ~ L E L ~  ~ , t  pr3fecaF~cno?.lc,?+s. .  

-.z;sns q ~ e l q a e s  cnes des Qpreuves e x p d r i ~ e s % e l e s  G p a s d t r  F r  
h i t :  z r z e :  c , r t s i n e s  fi;,usea gQo=~BtzTque , : a  gra;.iSrt: ; c r t i e  
a'ef:'es:uunt c-n c > ? . d i t i > n $  da tern73 iibre e t  1~ d~uxihrae  ~3 :capo 
i ~ 3 : : 4 ,  r!snc ~ 3 ~ 1 3  la p r e s s  i s n  d u  t e : ~ s s ;  uze e6r is d'Epr3uve~ 
icr;lir!;rz!:t Ess c a k r n t  ions d 1 . 8 b s t r ~ e f  ( :'&-.zblisse ... e - t  2:- h 
Car.tLnueti3n L o ~ i q l e  dm cer tatnas str 55s d e  n; r~h=es  ,Cz f igu? a s ,  

1~ t:i de:: c s n c l ~ s i c n a  cprrectits de  c @ r t & i n ~ ~  s y l l : g i s ; , c ~ ; .  

CF n ~ y t  Ce.;. G2r:t;ves r & _ i s 4 k s  en c s l l a c t i f  le are#.,ier :oar 
2 '  2x6 ... o x ,  en 3bs::cts d *  en-i l r  on 4 k e u r e s  en t a  at. 

2: r:i:i 1 0 s  k?regveu t x [ ~ i r f s e ~ t o l &  L:s l?tv iduslLee nntsns  J F I  
P ~ ~ u Y E :  aasocia'tive-ver5a1c . ~ . n  l i t  t u  s a j e t  6 9  usu 11 - F ? T ~ S  P- c h ~ e u n  L1 dnik rdpsndre :e p l d s  v i t e  psss'Fble evec u:: c u t r e   DID^. 

' cn ? r e n d  n n t e  de It? l e n t e a r  de b ~ r i p n n s e , e t  eil:si du nst t s s o c i f .  
Gn a.ip&ze u l  t d r  iauru:,,er.t l e a  lnclts i n d u c t e u r s  ewrquels i e  s a j e t  

d ~ i t  r4pond;e 'psr  Is x i p r c d u e t i a n  das m o t s  a s s ~ c l 6 s .  
h. 

A U  c ~ d r e  dt! l iezaclen on e 2 p l i c u e  e n s u i t e  la mdthode d u q u s s -  
.tionnalre.Un p r e : l i n ~  quest5.gr.nalre e s t  fszrne' de quelqaas qt lcs t ions  

v Fsant ,l~ nsde d' u % i i l s a t i ~ n  du temps libr e ,lea d i s c i p l i n e s  pr 6 -  
f 4 r d s s  B 1 Gccle ,  lc, presents tion sfii.,..;oL~e &es dernibres Lectux es, 

1' gv 3 l u t i o n  des a s p i r a t i s n s  p r o f e s s  ionnelles, ie '13iltiv2 tior. p 3 U r  

3.3 i ) r~ fes s i3n . ;e s  r4ponses s e r ~ n t  libres,sans l i n t t s  t i o n s .  
Z ' i n t e r p r i t a t i g n  dea "r6?maes pe-ne t  lr4vcluatisn dea cdnnais- 

3EnCeS a: des F ~ ~ 3 ~ ~ ~ ? ~ t i o 9 ~  d u  auj=t,du aode d ' e x p r e s s i o n  per 

Qczit  ( E f :  La capecite d'op4rer avac des nat iane zespecrLv.occ,entj, 

de l e  ap!~&:e do scs  i n t 6 r & - ; s , d e $  r e i s o n s  de ssn o r i e n t a t i ~ n  v e r s  
l t a v F e t i ~ n .  

on yeut a u s s l  emplsyer un ~ u t r e  questionaafre,4l~b3~4 par 

le psyc.,olo,ue d r  .lF.2ebuqu, ij une structure. plus coraplexe ,f oru16 
de 131 quost ians  r e l a t i v e s  c3,,,porteaeat dens d i v e r s s s  circms- 
tancas dc: vie e t  d ' a c t i v i t ~  q~ot id i enne .C?aque  q u e s t k m  es: 8 C C C a -  

~ J S C F B C  p h ~  4 r6p jnseo g~s?ibLes,le sdjs t devent c h o i s i r  cslle qu'il 
c o n s i d s r e  cs:nce ha plus pr ache de gon mode de Cnxpor te i iT~nt  &as 



1~ cixc3ns:ence xes?~ctive.Dena 1' i n t e r F r 6 t a  ti52 d e s  r d p a ~ s e s  
n s i r e  q u e s t i s n n e i r o  ,nsus s;i:~,.hes p e r  t l a ,  b l a  d i f f  i rence  ie la 

p lupa r  t dss q u e s t i ~ n n e r e s  csnnus  3h un.2 :a ~ ~ U P F Q I I T ~ F  -qilestic::s 

i r i sen t  ;::;me espuct  d e  l'octivit8 psychlqus, du p r i ~ i c i p e  dixiv; 
d: Ib ; ;~Gsx~c-gQcBrsle  dea s y & . ~ e s -  que n' i i i iporte  q ~ l e l  a s k c c t  1i4 

,ZJ c>!r13>1temar1t E u . 1 ~  dEt6x::Ainati3n c ~ i f i ? l e ~ g , ~ ~ ! u s i e ; r e s  ~ r n c t & r i s -  
A. Cxnt  r 6 v b i e t a ~ r  ~ s u ~  u~;ces psychiques.  

I ;nf in,a;  E ti10 de L ' e x ~ ~ , e n  sn a p ~ l i q i i ~  fiasfii  des c;th;ees 

:'.znt .le.; xdaul te  t a  cg c s n s i e t e r i t  ps s dons ~ E S  e x p r e s ~ i o z s  q11h:tLtc- 
A . m  u i ~ e ~ , L e c l s  el: 6 v e l u ~ t i o n s , 6 ; ~ p r & c L k t i 1 ] n s  6: :  type c l i r l ique , i 3n t  

ifu.iLitd ES & k 6  6c;;is, prouvie - : ; i t sns  ?!ns c e t t c  c o t i g ~ r L = :  
1~~.u_krn?s - l lnne. ,~qkse 

- ies a b s o r v a i i 3 3 s  .sax le c5x;orte;ii>.nt l u  B U ~ C ~  d u f ~ ! ~ ' .  le9 

C l - ~ c r  scs 4 ; ~ " u - l ~ ~  s ~ b i 6 s  

- l'enelyse dsa esr.n;es ~ s c F s - b i s ~ r ~ ~ ~ i q u e s  d~ i r ~ v a l u t ~ ~ ?  

B 1 ' 6 ~ 3 : ~  t: d e  1'bv;:n:isc p r 3 f a s u i ~ n n c l l e , e : z .  

LES r i z u l i ; a t s  d i ; ~  d i v e r 3  t y j e c  d ' & i r c ~ : e s  s z n t  sou;iiis ?i m e  - 
cnelqzo qasn2i:ati-re s t  q i l c l i t h  t ive , ; !  l ' a i d e  c!e 1 a r ; u o i l e  s3nt  $ i s  

en r e l i e f  Les a s a e c i a  p o s L : i f s  e t  n8,e tifs de l i o c t i \ i  tQ ys;*.c!;iqde, 
on e p ~ x b c i e  uussi It: CE p e c i t i  ri'ess:rnFl;t;i3n dss ~ 3 ~ i i a i ! : S a f l X E ,  

?' f l& ,?t t f~ tX l  EL.  ~3~i ;pet ls t i  t l ;n , e t  f inc1c:acat  sn Qvelue  l ' e p ~ i t u d ~  

paur i ' k c  t i~ it 6 tie e:lntr 31s db c i r  cu ia t i s r .  akrirnne .  ' 

in 6 2 t i 1 3 d 3 1 3 ~ i . e  r l ~  ~ ' P X ~ : ; I ? C  dif fGre  d ' u n  s;;et i. l t & ~ : r e ,  
tiri f J r . c t l sn  des: I L n u l t s  cs dr: ?a c3r.fr snta t  is" &s . c r r n C i u ~ i ~  :ESS~.~C 

ad  dg::::er o:.:i::,,arl teller; d::c;ultnt do l ' cc ' c t iv i t$  C?&T s ~ l G =  ;e :  

le sc5e-t peadsnt ;a ~ e z n i % x e  p i r i a d e  od su- t r s u b l e s  q u i i ?  pr;ce.:re. 

1;:: d i s c u t e  systdsa tique:;ent evec  Le su je  t , Ciccusai~ns o h  on 
fihsrde: 533 a c t i v i t i i n ~ m n b r e  den c o ~ t r a l e s  de lo c i r c u l e t i o n  ~ l ; ' r l e n q e ,  

interr20:?:ion3 Ca ce'i:e tctlvitb e t  1 ~ s  ;c Ls~ns ,prcx i s seu  i v e n t z l ~ ? l a a  

ou sftcatio~s criiiques <ventueLles d ~ n s  le c n n t r z l e  des aeronefo  
oh L 1  E 8 ~ 4  i:n~lir;ud,reesapt:t:ses 9u,siil y s Lieu,saxctFwa ro!;ucs, 
r e l ~ t i v s  e v ? c  Les aenbres l u  czllectif p x a f ~ s ~ L n n n e 1  , v i e  ee fex:1?2 
S ~ U S  6 L v . e ~ ~  a n p . 2 ~  is I , i i ~ d e  d '  e q i o i  du t e i n ? ~  l i b r e  , ; a j t i v p  :im pnur 

L'zctiu t t 4 , e s p i r n  ~ i m  p f  3fesaisnne:les- ,a.s. 

d Is s d l t e - a x  c - x ~ t i ~ ~ l a  p 8 r i a d i q u e  ar1 i k i b l i t  s i  12 a u j e t  

p s ~ :  d<r  w l c r  a i s s i  2 l ' a v e n i r  n3n & c t i v l ? . i  p r  o f e s s l ~ n e l l e  cu, si 
on c ~ ? s t e : e  une d 5 t 4 r i 3 x ~ t i 3 ~  Je 1: f3r::se psychique-sa x e t x a i t a  
de c e t t e  a c t i v i t d , t e t n p 3 r s i r e s z n t  au 6Cfini:ive:nent. 

, L u t r e  ? ? s s l : u e t i 3 n s c i - d e s s i l s , o r . r e c 3 u r t ~  L'ex&:nenpsgc!i3- 

1 3 g i q ~ e  t o a z e s  iss fsis qu'il e s t  nCcessaire de c!dkniner : 

l'agtitude P ~ U Y  1:: p r o , a ~ t i m  d ~ n s  u-,e ~ u u t s e  i % p e  de l ' e ' v o l u t f ~ n  



px ofessisnnelle, l q  i t e  t psychlqae hprks &es accidents ou des s1tu.e- 

t i x s  pox  t i cu l i ' ercs  s ~ r v e a u e s  dans k d 8 1 3 ~ l t : i l e n t  & l h , - t i v i t ;  d e  
c ~ n t r 3 i e  de le  c i r c u l a r i 4 ) n  t i i x l a n a e ,  i ~ o  cs.Jses  rie ce r ts ines  KC- 
dde ti2cs dii xende. . :ent ,  ce certcF:ies c;anifes:atisns e:: l i e u  de trevel : ,  
e n f i n  la cz.,.p3siti;n psychique p ~ u v a n t  c~nstituer s s i t  l'echo,esit \ 

% '  u : ~  deu f a c t c ~ r s  d:5clenchant d'  i t e t s  : ;a?ud i f s .Gkns  des C 6 S  p e r s i l s  
?'em .sen e s t  s ;r  i c t e . u e n t  i n d l v i d u a l i s k ,  leu m i t i i ~ d e n  u; i l i s4*r:  dtsc t  

t r k  d i f f 4 r o z t e s  dqm sa:et & l'hutre. 



EErVIRONMENTAL FACTORS W U E N C T N G  FLIGHT CREW P E R E m C 4  

K. Slmons, M.D. 
Netherlands Aerospace Medical Centre 
P . 0 ,  Box 22; 3769 ZG Soesterberg, The Netherlands. 

Paper presented at .the lCAO !4UMAN FACTORS SEMINAR, 
Leningrad. USSR, 3-7 April 1990. 

Developments in commercial long-range aviation include an increase of the 
distances covered by a non-stop stretch. an increase of f l i g h t  frequency, and 
a reduction of the number of  crew members on the flight deck. The level o f  
mental stress is expected to raise due to commeXcia1 pressure and increasing 
density of air t r a f f i c .  
AuCowtion has changed the pilot's task front that of an ' a i r f raae  driver" to 
that of a flight systems manager (1). Increasing time is spent with vigilance 
and monitoring tasks. Vigilance and monitoring performance are particularly 
vulnerable to degradation by fatigue, loss of s l e ep ,  effects of drugs, 
hypoxia, and (probably) dehydration and ozone. 

As non-stop stretches become l onge r ,  the time rhar is spent in the cockpit 
will further increase and operations of 12 hours or more will be no exception. 
The increasing operational time also signifies prolonged exposure t o  physical 
cockpit-conditions which might affect the physical and psychological condition 
of f l i g h t  deck crew. These physical cockpit-conditions include the following 
factors:  lower cabin pressure, low r e l a t i v e  humidity, ozone, and naise (2). 

The aim a£ this  paper is to d i s c u s s  the ef fec t s  of l o s ~  of sleep, lower cabin 
pressure, low relative humidity, ozone, and noise oti a pilot's performance. 

Loss of sleep due to desynchronisation of the circadian body rhythm Fs 
expected t o  occur more frequent, because of the increase of flight frequency 
and increase of non-stop distances. Cockpit crew engaged in Eurapean charter 
operations are frequently faced with very early departure rimes, due to ever 
increasing air traffic density (e .g .  flights t o  haliday destinations often 
depart at 03.00 or 04.00 a . m , ) .  For the crew member this means irregular shift 
work and a consequent disturbed sleep. 
Disturbed s leep leads to fatigue and im~airment sf performance / 3 , 4 )  and is a 
major potential risk f o r  degradation of flight safety. 

Recently several studies provided objective evidence for the occurrence of 
disturbances of the physiological sleeping pattern in cockpit crew after a 
transmeridian f l i g h r  ( 5 , 6 ) .  

In 1988 the Netherlands Aerospace Medical Centre conducted an inquiry into the 
occurrenca'of sleep disturbances among cockpit crew of two Dutch a i r l ines  (7). 
Anonymized questionnaires, comprising 24 items concerning sleep and the use of 
sleeping aids/methods, were mailed ta 1191 cockpit-crew members. The Groningen 
Sleep Quality Scale (8) was used to evaluate sleep quality. On a l l  items the 
home situation was compared to the layover situation. 

The response was 60%, and a positive correla~ion between operating on 
transmeridian flighrs and complaints about the quality of sleep was 
demonstrated. S l e e p  quality during layovers was significantly worse than at 



home (p<.OOOL). 47X Of the  transmeridian flying crew members with sleep 
disturbances fudged their disturbed sleep to affect their performnce in the 
cockpit. Sleeping aids used during layovers included alcohol and hypnotics. 

A disturbed sleep and the use of s leeping aids, such as alcohol and hypnotics, 
might affecr f l i g h t  safety. Therefore further studies on the residual ( " t h e  
d a ~  after the evening/night before") effects of disturbed sleep, alcohol. and 
hypnotics should be encouraged. These studies should be under ' 
simulated cackpit conditions ( e - g .  cabin altitude 8000 f r ,  relative humidity 
<lo%) ,  and should be designed to assess pilot's performance, including 
performance on vigilance and monitoring tasks. 

2 .  Cabin Dressure 

Mast high-flying commercial aircraft are pressurized to maintain the pressure 
in the cabin at or below a cabin altitude equivalent to an altitude of about 
8000 ft. This cei l ing o f  the cabin a l t i tude  was apparently accepted after 
considering the  penalty of the extra weight and expense which w o d d  have to be 
paid in order t o  reduce the ceiling much further .  

In practice,  during a long-range f l i g h t ,  the "cabin-altitude" is maintained 
between 6000 and 8000 f ea t  ( f  c) , which corresponds w i t i ; '  an atmospheric 
pressure between 81.2 and 75.2 kPa (pressure at sea l e v e l :  101.3 kPa; 
Table I). 

The lower ambient pressure leads to expansion of the  gases entrapped in the 
cavities of the body. For a healthy individual operating at 8000 ft this may 
result in only minor symptoms (mi ld  abdominal discomfort, flatulence, 
belching). 

Table I :  Atmospheric pressure, partial oxygen pressure 
'as various altitudes, and arterial oxygen pressure and 
oxygen saturation o f  haernoglobin (HbSaO,) of resting 
subjects acutely exposed to altitude (nd - m data 
available; data based on ref. 9 and 10). 

Altitude Pressure P.Par1. 0, POI-art, HbSaO* 
f t 'kFa kPa kpA (-1 X 

0 101.3 21.2 12 .7  (95)  98 

6000 81.2 17.0 nd 93 

8000 75.2 15.7 7.5 (56) 90 

15000 5 7 . 2  11.9 4 . 9  (37) 77 

18000 SO. 6 10.6 4.3 (32)  72 

20000 4 6 . 5  9 . 7  3.9 ( 2 9 )  66 

22000 4 2 . 8  8 . 9  nd 58 

A t  8000 f t  the partial pressure of oxygen (P,Part. 0,) i s  1 5 . 7  kPa (sea level: 
21 .2  kPa; table I ) ,  and the pressuxe of oxygen in arter ial  blood mmes to 7 . 5  
kPa ( 5 6  mmHg) in a healthy individual. The oxygen saturation of haemogLobin 
(HbSaO,) a t  this altitude will be 90-93 X (sea l e v e l :  97-99 % )  indicating a 
mild degree of hypobaric hypoxia. It should be emphasized that HbSaO, values 
in healthy subjects under hypobaric hypoxic conditions show marked inter- 
i n d i v i d u a l  differences and values below 90 2 are not uncomn ar 8000 ft. 



Symptoms of hypoxia that occur at altitudes of 15000 ft or higher are well 
described and include impatrment of higher mental processes and neuromuscular 
control, loss of crirical.judgment and willpower, changes in emotional s ta te ,  
lightheadedness, paraesthesia, muscular spasm, headache, (physiological) 
hyperventilation, central cyanasis, and unconsciousness. 

The aforementioned symptoms occur a t  a l t i tudes  above 14.000 fr (pressures 
below 57.2 kPa). These altitudes clearly exceed the usual cabin altitude of a 
normal functioning commercial airliner (problems related to a rapid 
decompression will not be discussed in this con- t e x t ) .  Therefore further 
discussions will be Limited t o  the spptomatology of mild hypoxia occurring at 
altitudes up to 8000 ft (75.2 kPa),,which signifies the range o f  cabin 
altitudes that apply to long-range commercial aviation. 

Recently the AvistLon Safety I n s t i t u t e  stated that "low cabin oxygen l e v e l s  
may be more of a threat to safety than previously believed" (11). This 
statement was based on results of measurements which showed HbSaO, values to 
come below 90 X in passengers and crew members a t  cabin altitudes of 7000 ft. 

The effects of hypobaric hypoxia occurring a t  a cabin altitude of 8000 ft 
include subjective complaints, physiological effects, neuco-endocrine effects, 
neuro-sensory effects, and psychological effects. The following effects apply 
for healthy subjects examined during simulated altitude experiments in a low 
pressure chamber. 

2.1. Subjective complaints 

Mild headache, lightheadedness and f a t i gue  are mentioned frequently by 
subjects exposed to mild hypoxia. The complaints become more frequent as 
duration of exposure increases.  

2 . 2 .  Physialogical effects 

Respiratory as well as cardiovascular reactions to increasing hypoxia can be 
observed already at 6600 ft (121, and include the following: 

- increase of respiratory minute volume 
- increase of heart rate (proportionally to altitude) 
- increase of systolic bload pressure 
- increase of cardiac output 

These changes represent a normal physiological adaptation to the hypoxic 
stimulus. Furthermore, a decline of the T-wave on the EKG is 

observed. The interpretation o f  this electrocardi~graphic phenomenon remains 
unclear. Lagica and Koller (12) consider the changes in voltage and duration 
of the electro-cardiographic features to be caused by hypoxic metabolic 
disturbances of the myocardium. 

2.3. Neuro-endocrine effects 

Several authors mention changes in plasma cortisol, adrenaline, and 
noradrenaline concentrations under hypobaric hypoxic conditions. However 
results on these parameters are conflicting and the inrerpretation remains 
unclear. The observations are not typical  Ear hypoxia, because various 
physical strsssors cause changes in hormone and neuropeptide levels and the 
results only indicate that hypoxia is a stressor. 

Research on the role o f  endorphines in hypoxia might provide a neuro-endocrine 
basis for certain psychological symptoms ( e . 8 .  euphoria), 



2.4. Neuro-sensory effects  

Neuro-sensdry effects of mild hypoxia (observed at altitudes of 5000-8000 ft) 
include the following: ' 

impairment of postural stability (15) - impairment of brightness discrimination (lh) 
- impairment of night vision (15) 
- impairment of colour detection (16) 
- decrement i n  the cort ical  processing of the 
auditory stimulus (17,18)  

2.5. Psychological effects 

The minLmum altitude at which perceptual-motor decrements due to hypoxia can 
be detected is a controversial issue having implications for flight safety .  

In fact, Ernsring (19,201 recommended that cabin altitudes should be 
maintained a t  ox below 8000 ft in the interests o f  safety. This suggestion was 
basedprimarilyona studybyDenisofieta1. (21), whoreported increased - 
response ,times at 8000 fr using a spatial transformation task (the Manikin 
test). 

Based on h i s  study Penison stated that "mild hypoxia affected performance 
while the task was being learned, but n o t  after practice", which means that 
mild hypoxia affects  novel tasks.  In the same study Denison found that even at 
5000 ft a significant increase in response time could be demonstrated whLle 
the task was being learned.  Supporting evidence for the results of Denison is 
provided by an experiment of Crow and Kelman (22). 

Ledwith ( 2 3 )  reported sfgniffcartt impairment of total reaction time at  
altitudes as low as 5000 ft using a variety o f  novel tasks with simple and 
complex spatial and code relat ionships  between stimulus and response. 
Miroliubov ( 2 4 )  reported a degradation in tracking quality in subjects 
breathing a gas mixture containing 1 5 . 8  X oxygen, which is equivalent to an 
alt i tude of 7500 f t . ~e'also reported significant individual differences in 
performance. 

In contrast  with the results of Denison, Crow and Kelman, Ledwith, and -. 

Miroliubov, other workers have been unable to obtain consistent performance 
decrements below 12.000 f t ,  using a selective attention test (complex card 
sorting,25), a serial choice response time task (26), and a l o g i c a l  reasoning 
task ( 2 7 ) .  

-.. 
Concerning the relationship between the duration of exposure to mild 
hypoxia and impaired performance, no firm data e x i s t .  Vaernes et a1.(28} 
studied visuo-motor speed and coordination over time (6.5 hours) at an 
altitude of 10.000 ft using the Trail Making T e s t .  They found a significant 
effect of hypoxia. however they did not.find a relationship between impaired 
performance and duration o f  exposure. 

A t  present, no study has been attempted in which performance has been assessed 
over time during an 8 to LO hour stay at 8000 f t ,  which condition represents 
the working-conditions of f l ight  deck crew on long-range flights. 

It can be concluded that, at an altitude of 8000 ft, tests o f  selective 
attention failed to confirm the decrement in task performance found by worke'rs 
using orientation t e s t s .  Furthermore, it can be concluded that nokel tasks 
show impairment of performance a t  this altitude and that learned tasks 
generally fail t o  do so. 

For future research sensitive tests should be selected that match better with 
the special tasks flight deck personnel has to perform. Performance on 
vigilance tasks shauld also be assessed, as vigilance becomes increasingly 



important in long-range p i l o t  operations. Moreover performance should be 
measured over time during an 8 to 10 hour exposure t o  the hypoxic conditions 
prevailing a t  an a1 rf tuds of 8000 f e e t .  

3 .  Ee lat ive  humiditv 

Relative humidity (RH) is the ratio of the amount of water vapour in the a i r  
at a given temperature to the capacity of the air at that temperature. The 
term is used to mean the percentage of moisture present, relative to the 
amount the air can hold ( a t  a given temperature and pressure). 

In most aircraft, fresh a i r  is brought in from outside through the engines, 
cooled, and delivered directly to the cabin with no humidification, Available 
water from chis source remains at approximately 0.15 g/kg, and a t  20-22 "C the 
relative humidity o f  the fresh air  is less than 1 percehc. Moisture from the 
passengers and crew will cause relative humidity to increase, depending 517 the 
outside-air ventilation rate and the load factor, and it will decrease as rate 
~f outside ventilation increases.  

As represented in table 11, RH in the cabin of a commercial airliner is very 
low. The values represented in this table are well below the lower limit 
standard set by the American Society of Heating, Refrigerating, and A i r -  
Conditioning Engineers (ASHRAE, 2) .  

For heated rooms, a RH af 40-45 X is considered to be comfortable and when 
heating is not required, 40-60 % is generally considered agreeable. 

Table 11: Lowest Relarive Humidity measured in 
aircraft cabins. 

Study Aircraft lowest RH X 

Hawklns (29) DC 10 3.0 
DC 10 12.0 

Lufthansa (30) B 747 8 . 5  
Applegate (31) B 747 6.0 

DC 10 5.0 
DC 8 6.0 
B 727 6.0 
B 737 17.0 

3.1 Symptoms of low relative humidity 

Documented direc t  e f f e c t s  of low r e l a t i v e  humidity on crew members are f e w .  
Complaints caused by a low RH include dry eyes ahd redness, dry throat, and 
d r y  nose. Corneal ulcerat.ions have been reported in wearers o f  contact lenses 
af r e r  long flights. A study by the Netherlands ~ e t o s ~ a c e  Medical Centre, in 
which subjects stayed for 8 hours at 8000 ft simulated altitude, and RH -120 X. 
in a low pressure chamber, demonstrated the developmanr of punctate keratitis 
in wearers of contact lenses (33). 

Evidence on the common belief that low relative humidity increases the risk of 
respiratory infection is conflicting (2). 

In aviation medical liteyature thus far little attention has been paid to the  
question whether or not the l o w  re la t ive  humidity in the cockpi t  can cause 
systemic body dehydration in flight deck personnel. One of the few authors 
which address this matter'is Hawkins { 2 9 ) ,  who emphasizes that it is necessary 
to learn how much to drink and then take it whether thirsty or not. He further 
emphasizes that the sensation of thirst  is n o t  a good indicator of the amount 
of fluid needed as replacement to avoid dehydration. 



In a p i l o t  study at the Netherlands Aerospace Medical Centre, in which 6 
healthy subjects were exposed during 8 hours to a simulated altitude of 8000 
ft and a RH <LO%, a rise in plasma- and urine osmolality was found, while 
subjects were allowed to driak a maximum of 2 liters of f lu id . ,  

Dehydratiion was indicated by an increase of the mean (17-6) plasma asmolaliry 
from 289 mosmlfig to 295 mosmlflg, mean-urine osrnolality from l r l O  mosrglfig to - 807 mosml/kg, and urine s p e c i f i c  gravi ty  from 1012 to  1022. In the control 
cond i t i on  ( 8  h. at sea level and RH: 30-60%) a slight fall in these parameters 
was observed during the session. 

It has been demonstrated (34) that a 2% dehydration Level  results in an 
increase in heart rate and body temperature, and a significant decrement i n  
psychological performance, as was measured by means o f  a word recognition 
test, serial addition test, m d  trail-marking test. In this study the 1% 
dehydration level also produced impairment o f  performance (although not 
statisticaIly significant). P 1% dehydration level signifies a loss of body 
weight (via dehydration) of 0.8 kg in a subject with an initial body weight of 
80 kg, 

Data on the effects of dehydration on psychological performance are extremely 
scarce. The study of Copinatban e t  a. ( 3 4 )  provides enough eviaence t o  
justify further research on the psychological effects of dehydracion. 

4 .  Ozone 

Measurements of inflight ozone concentrations have produced variable results. 
mis mFght be caused by the fact  that the amount of ozone i n  the cabin varies 
with the type of aircraft, flight level, season. weather condition, latitude, 
and the stretch on which the measurements were performed. 

Results of measurements are iepresented in table  I I I .  

Table 111: I n f l i g h t  ozone concentrations (ppm). 

Study Aircraft 

Bene t t (35)  B 707 
Daubs (36) 5 747-100 
van Heusden (37)' Q 10-30 
GASP (38)  8 747SP 

B 747-100 
Unpublished (39) unknown 
Preston (29) unknown 

Ozone conc. 

0.05-0.12 . 
0.30-O.JO* 
0.20-0.40 
0 . 0 5 - 0 . 6 5  
0.04-0.40 

0.30** 
0.57*** 

* cumulative exposition densities (ppmfiour) 
** average conc. with peaks of 1.035 ppm 
*** peaks measured an the polar route (ppmv) 

The FAA established a standard for cabin ozone concentration ( L O ) .  The 
regulations of January 1, 1985, stated the following: "The airplane cabin 
ozone concentration during flight must be shorn not to exceed 0 . 2 5  ppm (parts 
per a l l i o n ) ,  sea Level equivalent, at any t iere  above f l i g h t  l e v e l  320 (32.000 
ft at  standard atmosphere); or 0.10 ppmv (ppm volume) during any 3-hour 
interval above f l i g h t  level 270 (27.000 ft at standard atmosphere)". 
In fact, in 1978-1979 FAA mopitoxed ozone on flights (mostly at 30.000-40.000 
ft) and found that L1 X were i n  violat ion of Fhh's ozone concentration limits 
(41). 



The generally accepted Threshold Limit: Value of ozone in industry is 0.1 ppm 
(max. average concentration to which working individuals may be exposed for an 
eight hours ,working day without harmful effects  on health), 

Symptoms of  ozone intoxication include cough, upper airway irritation, chest 
discomfore, retrosternal pain, pain in taking a deep  breath, dyspnea 
wheezing, headache, fatigue, nasal coagesrion, and eye irritation. 

Controlled human sfudies, using ozone ~0rI~enGrati0n5 of 0,14 up to 0.50 ppm, 
have reported respiratory symptoms and significant decremeflts in pulmonary 
function ( 4 2 ) .  The decrements i n  pulmonary function are well documented and 
are most pronounced in subjects performing exercise, while females seem to be 
more sensitive far ozone than males (43). Observations on the persistence of 
the acute e f f e c t s  of ozone exposure are conflicting. 

Unfortunately,double-blindness i s  precluded in these studies, because the 
characteristic odwx of ozone can be detected by some subjects at concen- 
trations as low as 0.001 ppm, and most people can detect  ozone at 0.02  ppm 
(44). 

Serious impairment of mental functions has been demonstrated at ozone 
concentrations of 5 . 0  ppm. These concentrations play no role in aviation. At 
lower concentrations no impairment of mental functions has been described, 
alxhmgh d y  a few workers have assessed this problem. Higgins er al. (43) 
studied the memory quotient, using the Wechsler Memory Scale at 0.30 ppm ozone 
cancentration, and found no significant differences between the ozone group 
and the non-ozone group. 

The effects of ozone exposure on flying performance have not been studied as 
y e c .  The developments in long-range aviation necessitate the assessment of 
e f f e c t s  of prolonged exposure fo low ozone concentrations (0.10-0.25 ppm) on 
piLat performance, using vigilance and monitoring tasks. 

5 .  Noise 

For most practical purposes, noise may be taken t o  mean continuous broad-band 
sound with a sound pressure l e v e l  (SPL) over 80 dB. 

Acceptable noise Levels 

In the long term, contifiuous noise may damage the mechanism o f  hearing, at 
f i r s t  reversibly but later permanently. It is difficult to establish an 
"acceptable" or "safem noise level whether by retrospective or prospective 
means, because such a survey depends on a population which has been exposed to 
a reasonably constant source of noise for a Long time. It is generally agreed 
that exposures to noises of less than 80 dBA {h scale-weighted SPL) produce no 
increase in deafness in a population. In industry a SPL of 85 dBA is generally 
considered to be the upper limit of acceptable ambient noise, and all . 
personnel should wear ear defenders whenever working in an environment where 
the ambient noise is in excess of 85 dBA. Final conclusions, about what is to 
be considered as a safe noise level, can only emerge from the study of regular 
audiograms of flight crew && controls over a long period. 

Aircraft noise 

Thn results of  measurements of noise levels in the cockpit depend wn the type 
of aircraft, position in the cockpit uhere the measurement WAS taken, 
airspeed, air conditioning, and phase o f  flight. In a study performed by the 
Netherlands Aerospace Medical Centre ( S M C ,  45) noise wss measured in the mid- 
position between captain and first officer, without radio-telephony (RT) 
sound, in aircraft at cruising altitude. The following weighted sound pressure 
levels (dBA) were found: 



These n o i s  levels are below the generally accepted limit of 85 dB. However 
this limit value represents the.tota1 noise, whereas in the results of t,he 
NAMC, RT-n~lse.was excluded. Moreover, it should be taken into account that, 
F'n long-range non-stop f l i g h t s ,  flight crew members will be exposed to these 
noise levels for 10 hours and more. 

Psychological effects of noise 

It is generally agreed that noise above 90 dB increases the degree of 
physiological arousal and hence irritability, fatigue, and the risk of 
accidents. In addition, by masking auditory signals, including speech, high 
noise levels make many tasks more di f f i cu l t  by increasing the degree of 
concentration required. Also the processing of information in active memory is 
affected ( 4 6 ) ,  which increases worklo~d even further. Flight crew operating 
noisy aircraft state that the nbise causes fatigue. makes them irritated, and 
effectively increases their workload. Studies on the effects of continuous 
noise  od vigilance and cognitive task performance have yielded inconclusive 
results. Results of studies from Cohen and Weinstein (67) strongly suggest 
t h a t  at l e a s t  part of the noise effect (direct and after-effect) is due to the 
individual's interpretation of the physical environment and the  threat it 
poses. 

As long-range flight crewmembers spend 10 hours or more in an environment with 
sound pressure levels of 75-80 dBA, this sound pressure might contribute to 
fatigue. 

Conclusion 

Flight decll.ctev engaged in long-range operations arid European charter 
operations are frequently faced with problems caused by a loss of sleep. A 
disturbed sleep (and the use of sleeping aids such as alcohol and hypnotLcs) 

, 

might lead to fatigue and degradation of performance. 

The effects of sleeploss and/or drugs might be further detrimentally . 
influenced by the addition of effects of cockpit-environmental factors, such 
as lower ambient pressure, low relative humidity,' ozone, and noise. A single 
factor inducing only ,minimal impairment of performance can contribute con- 
siderably to the overall result. 

To anticipate these problems, research on the effects of a combination 
of these factors on performance is needed. Such research should include 
controlled simulation studies, employing aver time assessment of psychological 
performance, using tasks that are representative for the flight systems 
managing task of a modern pilot. The following conditions should be included 
in such a study: 

- exposure time : >8 hours (long-range operations). - cabin altitude : 8000 ft 
- relative humidity: <I0 Z (temp.: 20-25 'C) - ozone contents. : 0.10-0.25 ppm 
- noise : 75-80 d8A (continuous) 

Emphasis should be placed on the observation that the effects on performance 
show large inter-individual (and intra-individual) differences. The results of 
most studies are usually given as "mean scores" of the experimental group. 
When considering effects on performance, one should bear in mind that the 
subject with the worst performance score is the one who might cause an 
accident. 
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HUHhH RESQWRCE~ DEVELOPHEHT RND hCCIDEHT PIEVENTXOH 
f N  FOCUS THE HUYAN MATURE. . 

BL! C a r l o s  Hanaef H ~ c h a d o  Pernambuca 2 I k  

A c t ~ r d i n g  ta Che laet f i v e  years accident a r i a l y a s ~ ~  
education sEFrn4 t~ bc the m a i m  F l c l d  of inkcrest as far  as  
w f e t g  mr i t tc r *  N r a  c ~ n c t r n e d .  Education chauld be d l v i d c d  I n  kwa 
a v r L l f l t  a r e 4 3  kv fu~u-a wit  'Ills l n e l  a x P r r 2 a ~ o n ' p P  human n a t u r e ,  
t h e  relaClons q h i e h  t h e  indlvldual d a n l s  w i t h ,  

One nrca 113 defined by thla r ~ 1 ~ L l u l 1  ~ P I : W U A ~  t h ~  
individunl and Enviranmcnt. X t  mag b e  t rea ted  t h r o f ~ g h  management 
dsvhlnpnjent The  cprond on@ relates to $ h a  [ndivldual dun? ins  
with. hImseIfr w h i c h  mwu h e  a C r n n t p l l 4 h ~ O I  h u  " s L ~ C  ma~agcm~nt". 
ThlS  l a s t  o n R  \ B  dIractTy r s l a t t d  t n  krsm;rn battars, b e i n g  
d e t ~ r r n i ~ n n t  In t h e  affccbivinrgs OF t t t *  f i r s t  ore. 

S;n rac t must o+' t-he rnwqrugg~lre~lZ duukl  u p m ~ n t  'methods 
~~~~~ck r o r  bchav ior  t f r n r l g a ,  what dore r l  't mean. ; t h a t  atdb jac tn t  a 
att  Itud9s h a v e  c h a n g e d .  A manager call learn. ttbu t o  Bahavr 
democrat i c a l l u ,  but hts at t  l t u d e ~  mag 5 t  i l l  remaih  R U ~ C I C Y ~ ~  lc. 
Tnere may happen an incangrulfy between t h e . b e h a v i c r  ~ n d  t h e  
a t t i t f a d ~ 6 .  hnd haw w i l l  e m ~ l a ~ a s s  r r a e t ?  /Jt iat15 better  t o  
tbsni? T ~ C  I ncongrriour, demnCrat i e  ManEgRr or g si  n ~ h r  r aul;ocrat i s  
one? 

O t R e r w I ~ e r  i t  'a bean w i d  + h a t  L h s  a a r m ~ l a n e  has 
b o ~ n  developedr b u t  man r e m a i n s  t h e  same, I n  f a c t ,  bccauJE man 
d i d n ' t  c h a n g e ,  we a r a  s t111  u n d e r t a k i n g  man's pot ran t l a l .  Xk 'g  
qu i te  ~ l ~ a r  t h a t  "hu~ha~ ~ q q c h i n ~ ~  has a great potential, ~ h l e h  
can b e  develapad. 

&s Far as concerned ~ t t  i t u d e ~  prablens, mat l v a t ~ n .  
dec i s  l on mak i n s .  P S Y C ~ V ~ O ~  01- ~k l 1 1, wh i c h  have can t r  \but cd ko 
aeranaut i c acc i dcrrC9 #.IT U Edrllp l U S  o f  t ha htlman p a t e n t  l RI m l sum, 

Hnw tn  prevent acc i d t n t  s, ~ e s t l l  t i n g  from E ~ U C R ~  !on 
p r o t ~ s 3 ,  w h i c h  Cormri attltudea, b e h a v l a r ,  a r t s  an r r a c t l ~ n s  
.ekllls, have t o  be rev iewed.  For sn, inst~nd oC o n l y  ~ t u d ~  t h e  
Individual p a s t  t h e  FrFSrrrrt - "hrra  and now'" ? should a l s n  ht 
ubaarvedf just focal ) z i n g  un ths f i r s t  relation ostabl!ehrd 
B e C w e ~ n  t h e  Individual and h i m * ~ l T .  

I n  t h i s  r e l a t  i o ~ s h i ~  we can f l n d  b u r  elernsntsr t h e  
"aelfu,  carreapanding t o  what saacane rsal ly: is;  t h p  #egoN DF 
f errsonat 'it Y ,  uhnl: ?inm*on~ is=heia~l t h ~  ~ ~ a I * - a r t s r r n " ~  haw 
*aMranr t h l a k = t d = b s :  nnd the ' ' i d ~ i l l - ~ ~ l  f", P I ~ R ~  IDIAFOIIP I Y D U J ~  
aLka=~umbp.  f h p s ~  F ~ u r  s l c r n c n t ~  w i  l l  d * f S n a  bas IC  canf 1 i c k ~ ~  *nd 
Chs d i f f  icul t y  o f  ~ s t a b l  l 5 h  t t ~ e  c o n g r u i t y .  Tha n a t u r e  o f  ttImost 
* I 1  ( n d i v ( d t ~ a I ' s  pt-ableml and miltalres c ~ u l d  b e  found ( 0  t h l r s  
arm. 

Tht - E ~ Q ' '  a r i s r 8  From t h s  lndididual consclousngss 
. dsr lued From the  d ipfererjcs p ~ r c s l u e d  between h i m  and t h e  

enu i r~nmant .  Thr  %an%akinns orielnht~d f r o M  t h ~  Indivldbal 
dlPfars f r o m  thae* o r i e l n a t e d  from t h e  w o r l d ,  jaglng s c r n ~ t h l n ~  
about "I*' nnd # ths  oth~r9 ' ' -  T ~ R  ~ e n s a t l o n r  are  'mamarlsrd and 
a d d c d ' t a  thte "aga", t i l l  S t a r t  t o  bbe cfasetfied as pleasant or 
~ n ~ l r a s a n t .  The  tIassiFi~ation of pleasant and unpleasant grows 
UP a r r i v i n g   ink^ conCePt% . a n d  a t t i t u d e s ,  whlch, also adtied 
t o  t he  "ego", w l l l  d d l v *  prreeytian% and r a a c t l o n a .  Sw I h R  
f y c C p t  Ions, and even t h e  s a n n ~ t  l a n s  b ~ c a m c  duk ermined b u  t h e  

ego". T h e  individual s t a r t s  t o  r e a c t  a c t o r d l n s  t a  h l s  



percept i o n s ,  and p e r c s  l v s  according t o  the "ego", wha cont ro l *  
those  processes  %a as t o  c o r t i f u  them and  himself. T h r  obJeeks 
s t a r t  t n  bc agraablc or  ne t ,  nnu accardlng t o  I h e  "eaa" 
P B P c E ~ ~  Itrrr% and needs ,  no narc k 0  the ~ b j e c t  proper 
chauacterlr,k i cs .  The "sga" s tar t s  t a  look Car h i <  congrui ty ,  l o  
ha wlll, p e r c e i v e  t h e  w o r l d  as hs whsnts t o .  

S o n ~  authnrs show Chat the tnd i v l dliol doern 't ,asarch 
f sati%Cactions or p l ~ a ~ r l r e ,  n a I t h + r t : c r ' ~ v o I d  p a i n ,  h e  
also locks for eongrui t u  betuecn h l s "scl f -e+k~em" and h l a 
experl l rnceg,  between h i s  ago and khr  w o r l d .  When somsane 
nt~toerakicar l ly  or dhrnocrat!callyr he i s  trying k 0  be congruaus 
w i t h  h inael f ' ,  or w i t h  @hat h e  t h i n k s  about himself. 

AS t l ~ e  9 0 ~ 4 ,  t k u  s~ngat jor t5 ,  ~ ~ r c e p t l o n s  mnd 
cogntt inns are t r r a t s d  tn  esta61 Ish t h r  cgngru(ty and Make It 
atrang.  X i  the  cnvlranment doesn't mgrrr w f t h  h i s  own c o n g r u i t y ,  
I L  w i l l  a d j u s l e d  t a  t h e  ego's h e r d s  and p e r c ~ p t l a n r .  

s m ~ r a n l r  processes oC react  i m p  are addad t o  
i n t r l a c t u a l  PPOEEQS, t h e  ego aSsumss t h i s  Idcntlflcatlan and 
becomra con?rclaus about i t  - "khat'ol me". f h e . s g a  i s  complete, 
he dar3n't  p c r c ~ i v e  the warld rr tt really .!a; ha prmJat ts  h i s  
awn l m a y e r l  .feelings, cmut\onq and thaurphts,+ loaklns fa+ h is  
c ~ n : ~ l . ~  i t b - 

k l l  p s y r h a l a s i k l  p r a G R B S  8 5  d r s i s l o n  ~ a f t l n a ~  
percept( ~ n ,  attent  l t ~ n ,  mat [vat  ion and o thers  a r c  cont anlnatsd b% 
t h r  ego. When a manager chaoss t o  be aukocfat le or nut ,  t h e  
cho ice  l a m ' t  mads becnlrsc h t ' s  really 30, b u t  because ht th lnkt r  
t h s t  he has to a r t  90, When a P l l ~ t  n d k r s  one r i s f a k r  a* 
\n%tttntI~n. that 's  bacau5a h l s  attentinn i s  dr iven  ar h i s  
p e r c s p t l a n  I s  defermrd bg t h e  egn;  r Indi ractXg af fectcd by 
another  ago, a i  t h e v  b y  t h e  managel- '9. 

If the  ind Iv id t .ml  has %el$ koawledsment In adequate 
l e v e l ,  %?lowing h i m  k a  really knnr h ts thaushts  and rmot ions,  
a n d  t o  dlserimlnak~ when h a ' s  pvajccting and l c t t t n g  them 
1 n t e r f ~ 1 -  i n  h k ~  p e r c e p t i o n s  ar decisions, he w l 1 I  be a b I r  t o  set  
mare t I e & r  PRY cept \OII% and m?kc better  dec is i  ens. B u t  it ran 
an79 h a p p e n ,  Rccordlng t o  h i s  s e l f - k a w l e d ~ ~ m e n t .  

T h e  awrr b a d g  l a  a a#d beg Inn  [ng t o  s a ~ - n n s  t o  know 
hlnseTf, R e l a x  t s c h n l c 5  associated w l t h  body v iaua l l ra t lnn  can 
provide tndlvidual's f i r s t  c o n t a c t  w i t n  hinself, and the  
oprarturl'Lty t o  know haw h e  re all^ percelurr hlmsrl9. The 
nnaly9is uf each p a r t  o f  k l r  hodn r i l l  show d r t s l l s  that wave 
unknban, P M C S  hav ing  dlFrlculEy t o  bc viarnllrrd w i l l  rhaw 
difficult l e a  Eo es tah l rsh  rc lat  ions w i t h  himself and t h e  
€nv'ironmcnt.  

Experience may bs Impraveti by q n e r c l j l n g  body 
a b a t r v a t i o n  i n  A rnlrr~r, thaae r % e r c i s r s  w i l l  hr lng  t h e  
nacamnary r n a t ~ r t a P  0 0  cnmpsra A R ~  c ~ n ~ ~ I a t o  t h . ~  vi~ualiratIan. , 

It  '9 w a l t r d  t h a t  u i t h  t k ~ a  p r a t l r m  04 t h e  r e l a x  and campari?ran, 
t h e  v l s w a l l z a t l a n  w 1 1 1  g e t  c l o s r r  t a  t h c  r r ~ l i t y .  

In t h e  caurss. a f  the r x e r c  i r e5  same members * 
r e g  lull* w.F l h s  body wan 't be CJG 113 visual l a p d ,  h - r a ~ c s ~  €hew ark 
asfaclatkd with e:rperirnces And ematlonr. Thoughts nn& amotienm 
B T E  more f l u l d  than buJu seams t w  be, S h e  sccond s P s ~  M I  11 be 
t h e  knawl&ge oC tnught5 and tmot iane. 

L t l ~ l l g h ~ t a  r a r l t I ~ u w u h  f l u n  ~ r ~ g h t  t w  be nk?nru&td, 
wrtheut nng l n t ~ n t i a n  of increase  ur S ~ J P P ~ ~ S S .  enlg obsarvad, ' 

E l l 1  , t t  betome reallg Qamlliar. Pn w i l ' l ' b e  dona wl th  lrmcrtions, 
they r i l l  be obgerued,  t i l l  ~ F C Q ~ E  a9 well knawn as i k ' m  
pcsebblr, This  par t  Is ?ape difficult, brcause ZAe ematlan~ h a v ~  
exc itlng qualit i s s ,  t h e y  us l  ta came tagether  h thoughts  
and mrmaries k h r ~ t t q h  indiu;rltml'a, m.i,nd, as It i s  mkttndlng t o  an 
\ n v u l u i n q  mavie,fhry kave t a m  he  o b 6 ~ r v e d  t i l l  t h e y  don't ~ ~ V Q ~ V F .  
ur dlstract anyatare,, 

Whila uhscruing k h o ~ k s h t s  and smat lams, same c ~ n z r ~ t s  
and Ettt ~ l e e t  lral rw~cu'b;*t i ons  wbXT a ~ b ~ t a r . .  When thaught e land 



emnt iunr; 'bacnme c l e a r  i t  ' 5  time t o  r e v i e w  snms concapts.  A l m c l s t  
e v t r ~ t h t n g  i s  Iabelled, t h c  i n d i v i d u a l  have to t r y  g l a n c a  over 
t h e  c o n c ~ p t n  scennr i o ,  s i ncc nweh eancept was b11l  I t  b y  t h e  @go 
t a  ~ u P P ~ Y  h l $  u i c w ,  

s i n c e  t h e r e ' s  no Mare l n b e l d l  t h i ~ ~ ~  w i  1 1  s tart  t o  
a p p e a r  as  p ~ r c e p k J o n ~ ,  and From t v p r y  ~ e r c e p t \ o n  t h e  I n d i v l d ~ a l  
bill Iearn n ~ p t c / P i c  r e ~ t t i o n ,  which r f i p r r s ~ n t s  h i 9  bwn imaghs 
b r i n g  ~ r o j e c t e d .  The n ~ n t  s t e p   consist^ 1n recognize personals  
images that i i s R  p r o j r e t ~ d  t b  t h ~  L ! h J ~ c t .  T h l ~  knowlcdgrnsnt 1 1  
result i n  k h ~  poqaibll i t y  a f  the individual t o  stahllgh a male 
natural  r c l a t  inns w l  t h  h imsalf '  ant i  t h e  unrIt jr  :. . 

. W i  thnut p r a J e c t  ion ,  P e r c a p t  i ons  , w i  I t  be redllced t o  
sensatfun#; t ha t  really r ~ ~ r r s e n t  o b j e c t s ,  Q ~ t t l n g  the h o l ~  
sensat Ions and w ~ r k  w i k h  them, wh I thout hhy ;; A C C E g 5 0 r  1 e r r  ti la 
individual w I l l  hscama a m r e  o f  r s a l  t h l n g b ; ; ,  .r 

A W S I ~ E  nF r e a l i t y ,  Individual w i l l  hi? a b l e  t o  Cell 
1 s t  !MY 1 i ,  grt  t lng frrr F r  om t h ~ l r  p r o j e c t  ian3;  Thatis 
feelings w i l l  pr t lv i t ja  rea l  p e r c u p k \ a r ~ s ,  t t i A t :  ! w l I l  mars 
adsquatrr answwa. W i tliaui: ~ ~ t ~ r e o t  YPES,  ~ E C  i 41 t ~ n  mak In9 F T Q C ~ S C ~  
w l l l  +low. Xndcacl, most o F , t h s  psychalogical process u l l l  flow 
w i t h  t i ~ l f - k n a w l ~ d g c m e t i t ~  b s t n g  t h e  human f a k t o r  foeallz~d In  
It's m a i n  f i c r l t i .  Educat Inn ~ r o c e c , ~   ill allnw the  I n d l v i d u a I  ta 
i rnprav~  himself a c t o r d i n g  t o  h u m ~ n  nature  p r ~ v e n t l n g  a t c l d ~ n t s .  
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fict-ing 0~t.  
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2) Scl ecci An na i nstantanca si no procesual . 
3) Re-srlc~ci In d e  p i  1 otas-i nstrfrctcrrss 
4 )  Feed -back instructor-medico aeronaut iw  
31 Cnrtr:i fnci A C ~  4n-actual irari  &n-ar:i estrarni cnta 
6 )  Evalctacionss pcribdicas t O j ~ e r a t ,  prnced, met ,  FFHH, e t c . )  
7 )  Pruptlnder a la EXCEL ENGlA t a m b i ~ t i  an el p i  I o t o j P  

1.1. ANTECEDENTES BIPLlOGRkFICUS: ---- ----- ---- ----- ---------- 
El  pot-cantair de a c c i d e n t ~ ~  aereoe par "error de p i  lotaje" var IS, 

desde Irn h5Y pare klunrphreylli) hasta un E5X para Geratrwohl t f l l .  Lms 
cifras no 50n rnertores en la a v i a c i b n m i l i t a r  segun V f g i c r I 3 I > . .  Se 
suele cl asj  f icsl -  a3 "Error  de Pilotaje" en: "Error de J u i c i n "  r,i 5~ 

t t a t a  de un ca lzu ln  equivocedb de l a  distancia o la eleccihn de up.: 
p i s t a  a trrreno in~decusdo para a t e r r l z a r ;  "Tocnica , d~ V I I R ~  r ~ .  

def ici  ~ n t s "  si se t r z t a  d e  ma1 usa de 1 0 s  mandos de vuelo de 105 
frersrjs c; r l ~ l  grttpcb ~?iotupr~pulsor: ,  " I n ~ p r i t d ~ n c i a "  si se t r a t g  dp 1 3  



canti nt.+ai:i fin d:? Irr, vucl a VFF3 en c13ndi c i  ones IMC? ds v*.!el o temrlere.ri a, 
vueJc0 j r i t r - n t ~ d o  sirs ~ i ~ f i c i ~ r l * c ~  p e l - i c i a  n e > : p ~ r i ~ n c i s ,  no sjctstar-.se 
r i i  de or~trsd;t pot- inc,trt.\mcntns! , " D + s c ~ ~ i d ~ ~ , "  r,i so t r a t a  
ncr o l r ~ e r i ~ ~ r .  ntr-as atrL3!la1/eE- ttl nhst acttln5, rsc d e s p l  e g a r  ~ : l  f rsrr r ! ~  
a t ~ r r i z z j e ,  zqatar cl cambi.kstihle err pIenas vr.~elo: g, " t , i ~ g l i g e n c i a "  si 
rs.e t r a f  e de yrr,e[ii~r.acibn inar :~ruada de1 yuelw, a t  c r r i z a j e  ccrn v i  srlt n 
f ~ j e r a  de norms, ett. 

Folcl.erlhcr g (E;j p r tp I ts5  o t r a  c l a r i  $ics.cihn: 
1. E r r o r  dc input  s f ~ I s a  i m p r c s i b n  prmducida par  loc 

s c r i s n r r e c ~ p t o r c ~  p ~ r i f ~ r i c " r # ~ .  
2. Errhne.+ i n f  e rp t -e t~c iSn  cle la ifi+~srlrraci&n i n s t r t m c n t a l  . 
3. Fa! la erl 1s a t ~ t e n c i t m  i j ~  i n fa rmar : i l n  Imetenrolbgica E-t.c.). 
4. R+?r:.:i.Sn srrbnea. 
5.  flrt=.encj a r:E r e a c c i  6ii. 
&. Reacci bn rct,>rdi+ds. 
S k r ~ ~ k t u r g ? t l 2 7 1  e c t ~ ! ' d i b  105 srr- identes En el Reinw Unido 6 n t . r ~  1062 y 

1971 y c l - : s i f i c b  Ins rtsklltadcrs de 1 3  s i q u i e n t c  rriaoera: 
1 .  O p ~ r a c  i hr, i n c a r r e c t a  cn condician~s i nstrumentslss. .  ......... -3077 

3r-t'< 2 .  PI  qfiasiiri ent rs i n a d e ~ t , ~ ~ r j a  d 2 l  vueln.  ............................... 
3. Err,i-..r- (SF jttic:jo ......................... .... ................ 17;: 
4. H i r ~ = ! a n b ? 3 . .  ....,............-......................... i .  ..... .13? ................................. 5. Fa1 t.i; dra  t : ~ ~ p ~ r v i  s i h n  de: CPT.. - .EX -. 
6. Ma1  so be 16s rnzndr3s.. ........................................ I / .  

7. Er-rtir P= de n t r a ~  ttr ip l l lan t rc  (ntrr p i  l o t r , ~ ) .  ..................-. .5Y 
- ,  

Par-a I j igr j  y 1-av~rnhs!S) la csuca de1 F3OX dc lo5 errore.3 d e  pi lot-aje 
rE d e  GI-j gerr ~ 5 1  q~. t icc ,?  y lo d i  scri m i  rran crs los eiau icnter ,  punto?: 

-bl?ni$~rtsi : inna5 ~ n o c i o n a l e s  p a r o x l s t i c a s  
-Par tirrtr~cj ~,I.IV? dr!! hrlnror , erficrger\ti & dt? pr obl  EfiiG5 personal es, 

-T?esjcf inrp~rr~:i:~r:i  bn d ~ :  estadcss neur &t i  ccli  1 ztcntes, en p a r t i  rul a r  
neurazir  fbhica  y ds s n q r ~ ~ t i a .  

-Tras,tornrsrz t rer ic . l tnr io -  d~ l a  a t ~ r r r i l n ,  l a  Itr~iirC3Ti.Z y F:I jrricin. 
F e 0 - 1  ~i cn4s eqlri v a c s d a ~ ,  e>:cec;.cr d~ t ra t18  jo, e t c .  

-Tran,t.r~rr~fis de pa-sons l i dad ,  p w 5 c j n ~ l i d a d  p ~ l t u p a t r c ~ ,  r l y i d a ,  
hipertraf i a y n i c a ,  e::crso de al~tocfinf  i z n z a ,  c t t .  

-Emergent- i a c l ~  prrsresoF, i n r n n ~ ~ c i  enf.es, acttijp~tni ci ones P, i n  e:: t r e m i  r;, 
c o n d ~ ~ t c t a s  ~ t l i  ci ~ G F . .  

'r 

Comn sF p l r ~ ( : ~  apret:ia~-, h ~ s t h r ~ c a m e n t e  al mhnns, el p i l ~ t o  hs 5 1 d f i  

el " v i l  lano da l a  p e l  ieula" ya que por eu culpa -de hecho el d c s c u i + f n ,  
1s n ~ g l  I g ~ n c l s  o la ~ r n p r u d ~ n r i a  lmpl I ran rln cargo moral - rornet .~ 
"erroria+" que eventcr~lmcnte pr-adr.tr~n d3ti05 a la propiedad ajans n 1 3  
rrr~tcrtp rIr5 v l r t i n i e r  i nc rcen t~s .  

Fcta cctsr,r.e$bci hrl e ~ t  ar-~cir r ~ r .  sLln es i n justa ~ i n o  que ademas nrr s i rvc -  
para i rnplern~2ri tar rrcurs~s correctivcsr;. En lo que sigue =~'e?:prsndr .? l i r 1  

enfnqcrc 5 i  n t . ~ k ~  c-u del. prnt-rl em& y 1 as so1 uci vrree pas i  bl F?S. 

Desde haca algrrn t i emoo ,  Izr tccnwlogla aparsntementa ha a1 czn=.s.d~~ tnrl 
ni v ~ l  d ~ .  . con4 i abj 1 i d,srd casi absal kltn, y Fie c ~ f i r i  dera q u ~  6 1  Fact or 
Humano es EI elcmentu l i rn~tarrte de 1 a stguridsd, pus5 es el que t i  erld~a 
a " f a l l  at-" rei terads, i r ~ ~ x p :  i c a h l e  e i m p r ~ d c c i b l  em~ente .  
€st+ c n n q ~ q r z s h ~ ~  t e 6 r i c a  p a r t ?  del 5 1 d p l . l ~ ~ t r l  ~ P ~ S O  q ~ ~ t  5 n z t i ~ r 1 ~  qua EI  

hornbrp ti ~ n c .  una cspar-i dad i l l m i  tada tie adaptsl-se a c u a l  qui ~r entnrnt, 
pur a35 a t  ipico ql.161 fue%e y de Prc.pondrr-r a p r o p i a d 2 m e n t ~  s r u a J  quier 
estlmulr, cr grttpi- t  dc- ~ s t i n ~ c ~ I o s  pol- f i 1 ~ 5  c o n f t ~ r o r  c i n ~ - , : a c t ~ =  qttc 5- 

prer-r-ntril . 
Ctrandri 4 ne F B ~ F - C J  ~ 1 1  S ~ B I ,  3' t ~ - c r t & ~ r a t a s  t n ~ ~ a r a f i  cnrrci enc ia  parc l  a1 de 

ec,a fslatia, cornenzaron a i n v ~ n t s r  ingenios pars a u x i l i s v  a1 hafibre €17 
5 1 1 5 l i ~ 1 i t e ~ i o r ~ ~ ~ f l s i f i ~ & g i c ~ ~ .  Si n r s p o d l a v e r  d ~ n n c F t e ( 5 a t r a v e s d e  - 

lss fit.(lk~5 3s pi~sieradi  un radar rnet~oralbqlco luego,  ttn radar a ccrlurer, 
p s r a  d l  s t i n g ~ r i r  l a  pel i g r o s i d s d  de 1 as formsc1ones n~rhtrr;~c v 



f lnslmert ta  u 1 3  r sdar  doppler p a r a  detectar hasta 10s camhios de 
dirrcciC~r, d c l  v i e n t o  en l a  t r a y e c t o r i a  de str avibn. Fern alg~rr ios 
p i k c l k ~ ~  p e r s i s t e n  err st1 koatumbre de na dafiorat el d~spegr.l@ 6 

interrumpir l a  apraximaci&n c~ls.ndu 50r1 a d v r r t i d ~ i s  d~ La pressrlcia d~ 
c u r t a n t e s  d u  v i ~ n t o  on cl ere&- 

Corr~h 514 agcldcrza .visual. n e t ~ ~ r a l m e n t e  l i n i i t a d n  a cln angtrla de 0.3 
gradon! le krnpedl; advcrtir sn el espacio a una esronave en 
tl- ayec.?fir i R presuntantarits col  i 5i onsntc can -1 a suya, la kecnalogla 
invent6  un T r s n s p ~ n d s r  Cul i ssicn Avoidance S y ~ t e r n  (T-CASI quc en 5~4 

v ~ r s l t n  m&s r ~ m p l ~ t a  hasta  le i n d i c a  al p i l ~ t t  hacr G donde d ~ t ~  
ef ertvar 1 A maniubra evas lva  para e v i t g r  el p e l  igroso encuefitro 
rercanG. Perm mx ~ n t r  G S  E S k 2  ~i 5tema n D  e s t r  reg1 arnentadt c t ln t i  nuaran 
a l g u n a s  pi 14stos reyrrrtzndo posr c l o n e s  incor rec tas  a 10% ef ectopl ds 
c~tst~ner PI-inter turntr para  ir,corpnrarsa a1 procedif i ient .r~ d~ 
a ~ s r o : : ~ m ~ c ~ & r ~ .  pi-avacando quasl-cslision~s ds a l t o  rie-:go. 

FcqwBaf, de?.vi ari anr-5 en sl r ~ q i  m e n  ds dssc : i?n~~ ,  01 vi d # r C  d~ Gs ja r  
E I  t r ~ n  n apraxi marsh .%I t z r r t n o  sin e%tar con+ igurado sucl en srr 
sj t u ~ r l o r t e ~  qt4p 1 .FE t v  i pul  s c t h n  pl.lade nc* a d e p r t l r - .  rntnrrres 5e invent  ka 
el Ek-u~rsd F r u ? : l m i t y  Plarninq Systefi, que yp l I r v a  IS aRos en ssrvici~. 
T*zb~. men~iC)ndl-, nu o t ~ s t h n t c ,  q r l ~  & peeat- d e  au prftisltlrl n h s b j  ~ I c .  
acc ldentp? r : f m ~  et del $3-747 en M ~ ~ o r s d a  d e l  Campn (Harlr i  d )  en I?:?". 
E.n c.1 gar- el C;'W v n c i f ~ r n t ~ n  "pi*l1 irp, p t t l l  up" 14 aegundus ante5 d e l  
i mpacto. 

fkfelrirs, Conrib sat~tn,  enrerrsdn en el, crrckpi t o en cabinas at#iertaS el 
ptIotn no pl.!fl-de advet t i r  cun p r e ~ i ~ ~ h n  l a  velacldad d e l  s i r e ,  elementn 
crltico En 1;. apra*in~aci&n y el aterr~raje, d s  mod0 que se invent6 
p a r s  t ~ d o  avibn de transpartc una dramatica ~ l a r m a  de psrdlda que ee 
drnornl na "st i a  l, stiaksr" , perm d ~ b e n  saber tamhi en C LIE ~ ? : J 3 t ~ n  p i  lotas 
quc aterran a sw5 c?ol~el en capi 1 otos demaatrandol es cuan hahi 1 es Soft, 

a1 efectuar un ~ i r c l i n g  testa ES a 600 metros de al tura)  a1 b c r r d ~  ds 
la perdids cm el "sCick sha!:br" k t l v a d o .  

Los otnl J ~ P S  y 1 as canal PP s e m i  c i rcul  ares  no I e permi t e n  a1 ser 
humam. det tc tar  cr.lel f s  l a  veetkca2 gravftacional ni el h o r i z o n t e  si 
pier dts- l a  o t r a  4 n e n t ~  fr~r>dament;r l  do datos: la vis ibn.  . Para e l l o  
~ u i ~ t e  el h.srkzonte a r t l f  lcial deede hace decenas de suns. S i n  
ernbargn l a  J c - s ~ r i ~ r r t s c i & n  e s p a c i a l  sicjne s i e n d o  cauda de accirtcntes 
f a t a r c s  basta en un 14X eegcin In f remcs de la USblavy. 
Como l a  r a d j a c i t f i  trlectrrsmagr~c.tica capar dc. estiaular a r e t i n a  

humaria (rr, dcrcir e n  1s galna d e l  espectra b p t i c o )  no puede atpa-.'e"sr+ 
l a e  nutces o la n i s b l a  y la aprogimncibn cnn UUH o NDB y rar~icrtre1i:as 

e5 Itmitante En el P e n t i d o  de que 10s mlnimas s=n bastante altos 
(aprcr?:. 500 pies). 5e cred el ~ c t i I I s i m t i  31S, shore car8 Categnrfa 1x1, 
y e ~ t a  en uers ~::psri~fia-~tal el ML.5 quo permi te un aterrizaje con 0-63 ds 
tectro y visibilidad, E-la obstartte l o s  acciderztes cn la rproxirna~itrrt y 
e1 aterrizajs tan o sin ZbS (cdsa En 9 ~ 1 ~  Ea prutabilidad de chocat- 
contra  ei terrecio es nula  pcsrquc & Ya altilra d r  deci~ibn si  no se ue 
l a  p i i i t s  hap gle i r~ l ; )  sc repiterr, por qrle 10% m l n i m t j s  na Ee r tspt tarr .  

T t d t i  la su&F p r - r n ~ l t c  srjrpazher q u ~  Pzt t e cr to l~g la ,  dun 1 ~ g r a n d o  ilrl 
atcrrizsje a C ~ R ~ G Z ,  n o  podra prevenir las conductaE ~ p e r a t i v a s  
i n s q u r  ah a %~rt;atarli:~rd y na psbra e v i t a r  la torttt-. de d e ~ i ~ j a n e z  , 

o p a r a t i ~ ~ r  inadccuadzs. EL Czctw limitant= continu=& siendo.,el 
Ftumcirtn, f i t ierttrs~ r ~ a  Ee tnme c o r ~ c i  ancia de que el \;&eja paredigma.  de 
1 crsi con~pa-Cx lnrnt~;; estanrfis n6 partni t e  una a p r t i ~ i  maci  bn tetri rs 
c ~ ~ i - r ~ c t ; .  a E 3  " i r l f  inite can ipIe j idad"  d c l  Fectur Hirmarrn ers l a  a v i e c i b n .  

El  p e r i ~ s r i l i  entu at-&I Agi ca s*el r ser de uf i l i dad para 1 a i nt el ecr ibr>  
de t emes  ebht rdct65, 

Err F T ~ E  r E F n  bwr:-=, &F s8rv4rncf de e x  recrurcn h e r r r I s t i ~ r s .  
I r n a g t t ~ e t i ? ~ ~ ~  .+ un avkihbi e lcme~l ta l  c11ya ~ t ~ ~ t ~ n t r e i d n  E r  diroctamsnts 
prGpmrinna1 a ~ - 3 t  ~ w & ~ ~ ~ E E I ~ , F I  ~ I a r  y P la ~eEuci&aLb e inber.sanrente 
p r r + r i i c i ~ j m a l  G S I ~  p~.ra. 

Ecte a v i  hn i nrsgirr;iria, nct C F J ~ T ~ P ~ E  t r rnr  ~ I q t v r , ~  5i aIgttien preterrde 
h a r e r l ~  voEwr pot- debajo &e la velocidad dc perdida  de s u s t ~ n t a c i b n ,  a 
c ~ c r  kin mrrg!kXfi d~ &t&qtw q i p ~  i w p J  B v w  1 a entracts en perdi b3 pOr s e g l ~ n d u  



regimen, o c m  hlelcr acl~m*rl ad*; En lo5 planus dz tal mancra q4.1o sl 
pcct+i l alar- se E;e.f.orn+e, cr cars r,:ce:.is de p ~ s o ,  c~ eri a i r  E fiht~y pbco F;EKEB 
;I en 1 ~ t 3 . s  p i ~ t a  s ZO1:iQ metr f i~ j  d s  P ~ + . U F P ,  etc, ztc. En EGGS condlcicin;;s 
el S..,lbr~ si l r l t ~ i r t s  VGIS~ ,  SET C Z w 3 ,  y ella no par. ' k r r o r  d91 a v i b r ~ " ,  
s i no pot-qt ce hafirin SliSI;EPG?F>O SI IS I- I M I TES ClPEF.AT I1.?!3S, 0 ss 10 

t f~hr -a  e.:i g i  d:. ~TIS.? al  l k  daf IS qLce arGris.eja el f A ~ N  icnnte. 
P3ra c * ~ i  t.ar 814 d4 "accidentes" !lt.trgo bJet-EiCc3S qtbe nn s r ~ r ~  

t a l  r= > , el f a h r  i r :~rr te  I'. d i  z ~ # s d r s r -  P ~ c r  i he dc-t a1 1 ada5a;st e cttal EE srJn 
~ G F ;  tondiciane:. EII la% cl-tales el avibr? pllede I -  y rue1  rt-s s.:n 
wql1~l lr - .3 cfindj ci t n e e  E n  las- C L I E ~  EP el R V ~ O V I  TIC* V L I E ~  a. 

Se en? i r-nde pnr n r . t i d e r ; t e  c!17 e p i  r r j C i  a f r ; r t l~ . i  ta, ~ t 4  j u ~ ~ r ~ i i  eve~ittnal e 
i rsecpt+r a d c ~  q+r+ 2.1 ter  i- ~l order1 r a g ~ r l  ar dc la5 cc.cr:r.. 6i rlcus at.er?cm>s 
a 1 ltl-fra d r  1-3 J~S. in i c ibn  4 5 5  %jiArl tebricst ,  rto . ccmetci- 
E'rr-nr t:i r ~ i  el=ci den, k r s ~  a menr,i_?, c:~tr- a lcn  o r ~ n i  en 1 a crrl . r q l ! ~  en c!nz 
~it4.1arr.ibn % ~ h m 3 1 a ,  q41e v l o l e  l a g  I i m i t a r r i ~ n c z  ql?.c. G I  dis~e;di:r 
E S t s h l  ei:i t j  c1 a r .a~ (~~r l t  e, r-n el r-lrnltal d ~ l  Iltttar in. lia5t:a r.tn,q p l  ?.~i~tac:a rip 
m r s t  ur 53 VU.P~:+ rv:sf i Iv~r 5i S+ ~i r;!~e~i ~sf i l -  ii: t smcfif 4 1 f i l i  ccns+:jfi-i~ 
aperat ivr,s y 3 as;. r e g l a m ~ r r t . ~ . c i ~ , r t ~ * e  s ~ r o r ~ a r r t i  c a s .  Prx F , ~ I P U E Z ~ ~ ?  qt-k~: 1 A 

prop i .? p! arstad.: de l  mutc?t* tampoco 1 es , p t c ~ s  si el m i  sml3 r s k a h a  bi @ r >  

m e f i t - ~ n i d t i ,  e i  el ro~~k-!r . j t i t i l  E ~ r , t s t a  t i e n  f i l'craflo, ei ~1 p i  l c.t.c~ rial rbcn 
aL re  cal i c r r t l : ~  21 czrbilr3dor, EtC ;, e t c  - , cl acci dent E 1 1 0  WA i 3 t e ,  de5Zb: 
el  punt.^ dn i:i st fi dti ; 3, nmnqcri na. 

El  M a r j : ~ ~ )  I~S:ISI-i D t ~ n h j . c * l i  rf?srrmi tnda evi t h r  1 as Qorn,~ntas  y 1h.s 
"cor tar i tes  de q i e ~ i t ~ "  cn firral, y r r i  ca5o de verse atr+psdf3 G ~ I  tjn 
' I  c ' ttacel- Escape dB i r t m e r i i  a t o ,  d e  nrodo qua ce1 i 4,icav. ilna 
c a t a s k r u f  E Rct.ea corm sccidelrte put-q:e el avi &n f u e  ~ p l  astsdo can t r a  
El, terr-@ron put- ern "dmjr~ti~rr 5 t "  es u4:r.n err5y. ctsnceptt \al  . Nn ss ura 
hecim f ortui tn  n i  tln nuce4zcr eventual  , s i n o  absnlutamentc p t - e v i  si b L a  y 
E d i t  ah1,r. 

E l  atris miemhro de la d l a d a ,  el pilots, t a m p a c ~  canste errores rn 
SufPe actridentsa. & l  igtral qirr el avibrh -0 mcjor dfcl;n 
ans1agicsmen-k~- el p i l o t #  tambien t i e n e  sus "limitacionss op%rativaso 
pern e n - . e s t e  C S C . " ~ ,  no e s t a n  prekviawenta escritas fm c!n blan~a~11 d e l  
usuzrin porqt.!e cl d i s ~ t a d f i r  a f sbr icsn te  la l a n z 6  a1 mevcsdr, E.. "mcs; l i r j  
terminarm y, mieneras el p r c l F i o  eel', hunla.rio c ~ m p l h t a  5u ppncceu d~ 
h ~ $ h i  h i  z a c i  6n, as btl-ci 1- trata d~ descubri t-sz a 5 1  mi smo y aver i gr.rai- 
cbrrla f ~tnr.i arts, y d e ~ a r r i s l l  st- tocia% sirs prjt enci  a l  i dades, otros ~ g v - s z  
hrtmarti;~ tratan dp escrihir, anbra 1 3    marc ha, el 5 f iexi s t s n t s ,  par03 
i mprerci  n d i  hl e "Manrrzl d c t  tlsu&r I a". 

Y saberno-, rnr~clicr y hey  dereriss Ic miles d e  psginas e s c r i t a s  dc rr.::r? 
" p r o ? i s o r i u  fiwnual d e l  usuario". YG saberfioa quc hay irn rolestev-G! 
mala y trn c n l c s ' c ~ r o l  h u e r ~ o  qut? b iEn b a l a n c ~ a d o s  redncen  el riksqrs a la 
on,:~rrnedpd c a r c t n i . - ~ i a  '/ a1 i r r f  a r t =  agirdu d e  mifi:ardir) ~ r ;  p l ~ r i o  v \ . !~ l ,  rd. 

Si.h=?iilfis q1.t~ .2.1 ~ e t -  htlmand2.-pi l a t ~  no detip a1 cnhnl i z 3.i-se en 125 12 
t" .. .. ~ i . , d  c..9 p t - e ~ i f s  a url V L T P ~ O ,  PEI'C? (7UP 5 S i - l ~  SiEjOr q k r ~  nc, lo h i c i e s e  45 U.: 

mtE-r y?, q!le en la Pndolinfa tle lnc canals5  semicirculare~ dt. st.! nie.7 
I n t e r r ~ r n ~  los  hrganoa d c l  equi  I. i h r i  n,  qucdan rws t ros  tic s!!~;? artci AT 

q!.rlrnirss d s r i v n d n ; ;  dc 1 3  tombinacibn d e l  a1 cohnl con algl-lnos I f p i  d m  
I J ~ m ~ d a ? :  " ~ ~ t ~ i - e s  ~t 1 I i c a z " ,  qirc eventttsl mante pod{- tsn c;,t ar-pertr-r Err 

Fcrcepci $13 y a; i enkaci 6n cspaci  al . 
En ec_e msnual prrsvi =ori ct d e l  usitaricr t ~ m t i i ~ n  d i c e  que PI p i  1 o:.ii rlo 

tI-&- rue vs lar  si t i e n e  congrst i  onadas Ins v ias-  aereas s,ttperior-ss por el 
pel j g r m  d ~ r  J ci r c o t  i t 5 y Irma everttual i rlcapsc:i t a C i  .5T* 

p s i  tn f  i ~ s i  01 t.gi cs par el d ~ l  ar cons5cuentc ~ L * F  10 dc jasc f r.tnr a d c  
s er -r i r ia ,  y lr:. rrtindr~jpse blrJ a ur l  escid~ntc (porq~ie ser'ls urr hecha rlo 
f rirt!.~itc, ni eventcis1 sin;> c;b~olrkt.+mefike prev i  si b l e  y prevnni  h l s )  , sins 
z lina catastrwF.e por m s , l  l'sci del "eqtripn". 

Pars vt-ttl-lrjs noctr.!rnos s t ! g i ~ r ~ r  qus se 0,: i gene adecuz~jamerlte 
respi  ~srbdr, o x  f gene purn d ~ r r  ante r r t ~ c l i  G h ~ r  a R n t E Z  d c l  d r ~ p e g ~ . ~ ~  y ~ I I P  

evits f1m3r  m r r s p i r s r  ~1 huttx de ~ t r t : ~  rigarri 1 lu, 2.3 qr.(e la nicotins 
~ T C ~ ~ ~ I C E .  ttn e<er::ti ad-v*.ersn S o b r ~  1; v i s i b n  nuctctrnn. 

En camhio,  hacr poco 4LrF se eEcri hi h el czp l  ~ L I L ~  d s  I ~s t i e ~ p ~ s c  
~na':in~cs d c  % w - \ ~ i , c i n  y mnlnimas dt: dfiF-;carlzrk, doi>dp dice yuc? ppl-; ,  
rsc ir : lpr .  l o n  c : i c l r l =  cir'cadiznos ai  en ~1 . . , - t ~ e x ~  ant2rl13,- % J c l h  hallis +: 

EEP F d z h ~  tleac~!iz?-v- un d i  a por  cads Tc, mifir.ltos d s  d e ~ ~ a s ;  je hr-,r+rio lf 



un d i a  par  csda 93 minutas si E? vuolo +LIE hacis el C)csst~. Al-lriqt?.~ 1 a 
rec~lper-at: j &rl de 1&. v ~ l d c i d a c :  rla luw t ienlpen de r e a c c i b n  t a r d a r s  ltri 75-i: 
mss. 

*C 5c ertarr  r c ; c ~ - i t l e n d a  It316 t a p l : ~ ~ l a ~  r e f e ~ i d a 5  a l ~ ~ i  ccrrriliciorief., qtle 
deter inran 2 s pcr f o r f i e n c ~  ps ico f  isiolbgica d e l  p i  l ~ t o  y la5 r s c u m ~ n d s  - 
cif inc.2 p a r a  p r ~ v e r ~ i r l a ~  y evitar-las. 

' P '  
3 1  ulna t r i y , r ~ l z c i ~ n  de~puga 17n R-737 h a j n  I n s  efectas d~ l a  t c ~ c a l n a ,  

carno p?rece Eur sl c a w  d~ uri r r c i c n t e  epiendio en el aerayuertn d ~ =  L P  
Guarrlia ( F a ' i ) ,  o si o t r ~  desprga otrn 6t-737 dssiJe el JFK can h i e l o  en 
1 os rt l  anus y EII I of 5 9 n ~ r r r  ecj cie .,EPli dc. sus t u r t t n a e  y se cacn  cn r! 
Pato~tac,  no EC t r a t a  de un ert-or d e l  aviAn el hacho de no haber 
i 1 1  Fcsrrrladn sd~ci!adamrnte 1 a potenci a requcr i  ds ni habersr, p r d i  rln 
s u s t ~ n t a r ,  y en el primer caso no fue un mEro error de pilutajc qua ~ 1 .  
capi  l a tu  hay; a p r e t ~ d o  a1 botbn equivr>c:adc, y apagadn las t u r - b i  n.35, sc 
t r a t S  dc incapacltacibn p~' jcof j s io36gica  df a m b ~ s  pilotas, cuya? 
cauza5 ss a n ~ l i z a r a r ~  mas ~ b a j o .  O t r n  ejcnbpla: 

El 26 d C  sst.iemt:.r~ de iol33 un D-7Z7 srz fire l?rgo en sl a t s r r i z a j e  41-1 

L k t ~ l ~ l  a porquc ttn n\j cr+obrrrst I u "dF?s.accrnrr~dh" e n  +i nal ~nt l -anr l t l  cnrl 
f wrte  componente de e v i c n t n  de col a y e.xccso de velacsid+d. Coma n t y a  

veinten* de acci dentes s i n h i  I &res en e s e  t ipcr d e  avibn  a1 nTr apr-y'ar 

f irrneza el tren p r i n c i p a I  no se e n v i b  la se#al desde el ~ i s t e m a  
selactnr airc/tifrra par3 el d s s p l i ~ g c t e  de 105 "ground-epni IEI-e" r z i  
pera  el armada de les reversores n i  pars ubtener un frcnado e + ~ t t l ~ ~  
df la5 r.t!rdas c ina hasta  quc ye era  t z r d c  y el avibn se fue a l  apua. 

Las recurnend~t ion t s  qtle  propuso la Arociacion de Pllotos de Linsa, 
f ucron : 

1)  Inct3lar  cl stem+ar detectores dc u~irqd shear. 
2 )  Me jm3rar 13 i n+vatstructub-a del a ~ r 0 p u e r - t ~ .  
5) M ~ . j t . r ~ r  1 R It4STFIUCCION snbrr el frsc* ale1 Sp%ec) Brake. 
4 )  I~i~ple\mei-~k%r la IMSTHUCCION cobrr  wind d i ~ a r  y m i c r o b u r s t .  
Z! R e f  fir: mr 1 s INSXRLICEION de " ~ p r o x i n ~ a c i  bn f r u b t r  a d d " .  
6 )  Impartir XMSTRIJCCXOFI snhre CRH y Fststor~s Humanos. 
7 )  Prngrawsr THIPUI.CCIQN€S AfWK?fd.IICAG p z r e  esq WIEIO. 
$ 1  Rentringir esz ap~t-acibn al CPT para tvitar d ~ m o r a s  En la %ah:; de 

dscisione~. 
9)  lnvfstigsr p s i  t ~ l e s  errores de dice#n en 10s ncnsares .a ire/ t ierr  a 

de l * i ~  8-7x7 de 12 ernpresa. 

EL Fr'iIE1N t.W SE EBIJIVOCA, SItIC) DIJE F'UEDE ESTGR M A L  UISE$#F;DC) C! EL 
PIL .0T l l  PERF11 TE G!:E SC EXCEDAFl SIJS LIMTTES ~PERATIVCIS I! LO Cot-UCA EFI 
S I TUAC I 0 t . i ~ ~  FiFIOMAI. &S I3E LAS CIJALES b10  FUEDE SRi-I R . 

EI- Pll.lfT0 N@ SF EQLIIVOCG, SIT4O C!lE EL SIGTEHA AEROR'ALITICQ PERMJfF 
(?UE EXCEI?A S'JS LIP1 ITES FS!CUF IS IOLOGf COS U OPERAT I ' JnS 81 AF.lf ES FIO FllP 
1 r+!STRUI Fa, ENT RENiaDO Y PROGRAMAM5 PHOFES I DNAL Y CI Et.IT Z 61 CkWENTE . 

Ezta rsconceptu;l izscibn 6el cl as ico  " e r r o r  de p l  Iota jr" t i e n d e  h 
d c s n i  t i f  i c a r  ~1 " f  s c t t r  1 i mi tsn te" .  En ef er to ,  wicfitrac 'SiqaEla- 
crsyand*) q1.1~ nsd; s? putde hater pars ev l ta r  l a  f a :  ibi I xdsb de l  p i  l a ? ~  
tar5tamoc per rii  do2  8 : l t s ~  dtr- ccsmcnrar. 
5i ctsi;mas de ntl-hio EL p s n r a m i e r t t ~  ana l&g ico ,  caerslrr12s en  l a  c u ~ n t 3  

de q 1 . 1 ~  5 1  el ; ~ \ ~ i h ~ ~  t l e n r  r j i s t e c ~ ~ s  "'Tai 1 -5.afa" y d t r p l i c a  c t r ip1 if a 
aqt - te l l c~  qlrc pa-lad?-n f a1 1 sr p a r a  GAPtFrMTX ZAR 1 a segt-\I-i dad d-r. 1 a ri;c3ql~int, 
r rnrl el 521- hu(harrn-pi 1 f i t n  h a y  C~LIE t i a ~ ~ r  l o pr rlri 0 ,  d ~ t p l  1 r:ar I (7 en l a  
medida de 111 p ~ r l t i e  ( tr ipct laciones de d ~ s  p i l o t u s ) ,  para antes q1'- 
t,I 10, 1 fiplemerttsr erz + i  Phrsn4 la o p ~ r h t i v a  a prurha de f a1 195, m r - t : i s ! h k t  
1 on racl!rz,sr, p ~ r t i  nentec que c s  di scuti rarr a c ~ n t ~  nt-taci &n. 

2. CAI IGA5 DT' t a!.; " CI-JNDCICTP+S OFERAT? VAS StlPSTFINDARD" : 
1-1-+ ------- ----------..---- ..................... 

En lo? ant ecedentss b i b i  i r 4 r a f  i caa I i . I .  1 sc pcqdn aprsci  ar t t ~ =  ta 3 cs 
a n t i  cusdo qkre resr-tlta el 1 c n g t ~ a  je cmpl eado para  drscri hi r cfsrrceptcr,: 
tan parimlidos y equlvncns r m a  el I l m s d o  "errtr de p i l a t a j e " .  En 







El estada de "alerta" del c ~ r e t . r o  him~nzr,o rto  sb lo  t i e n e  ELI rmirbral 
s i n 0  I ects es variable coil el transcurso d e l  t iempo y con l a  
des incror ixzac ibr~  de 10s ritnlcrs c i rcad ianos  en ~1 I l a n ~ s d o  sindrtare '*jet 
1 ag" . L;s regL amantat i ones subre ti rrnpos fiaxi m ~ s  d~ scrvic i  u y m i n i  moc 
de ~ ? Z C A T I = C I  cstan p a n i s r s d o ~ e  a1 t a n t o  ds lo= nuEvoc h z l  l e r g u s  
~ v p c r i m ~ n t s l r c , ,  perm sun quede mucha par hacer en este campn. 

La F a t i g a  de Vuelu, en aus d i v ~ r s a s  m r s d a l i d ~ d e r ,  p r o d u c e  un 
deteriat-cr adi c ional  e inexorab le  de 1 as h z t i  l idadt-is psicof I si ulbgicas  
f er46ritenn d s l  cual  el p i  lot 0 dear e ~ t  ar  adecuedsmcnte sdverti  d c ~ .  
Rpartc d b  l a  f a t i g a  uperacional propiamtnte d i c h a ,  d ~ b e  tenerse 
 present^ a1 arrel izar t-st~. teala, 1 %  " d i a t ~ ~ i ~  IS s u s e ~ p t i b i l i d a d  a la 
f atigz" que presentan a l g i ~ n a s  p i  1 otas. Ests prapeneibn efts 
i n t i n ~ a a s r r t c -  lig&dr a la cal ida t l  d e  l a  mrstivaci6n p r c f & ~ l i ~ r t a I  d e l  
avi  ador, y debc ser pesqui zoda c,:n atenci bn 'par-  part^ d~ 1 ns jrf e r  E 

in5 truc tcrre~  para  adaptau" lass medidas correctivaa prscuccE que 
cor.res~~or~dzn.  

L r7 mittnrclr i a  activa, la m e m l s r l a  d~ c o r t ~  p l a z n  y l a  memaria de ' 12rg0 
alcance pozeen ~ s d e  una, Especlfices limitaciones y candicionss en l a s  
c u a l e s  su funciar~amients es inapropiado.  t o 5  p i l t s t o ~  detrrr r e c i b i r  
instrucciAn recurrente sobre  set^ g lo5 demas temas que limitan su 
par4crrn1sr1cc. 

E l  e f e c . t ~  sobre la p e r f o r m s n c ~  de l a  nicntina, l a  cafelna, 9as 
cornidas a bardn, 10s medicarnentos supue~taa~nte inocuos (~nalgesicas, 
(antiespacm&dicu~, ~ t c .  1 s u r l  e ser urr tarns d ~ s c t t i  dado por lu s  p l  lo tas ,  
rn*~cl~os de lrrs cualer, vuelan automrdi cadus o medicado3 prjr fiedlcor na 
aer u n a ~ ~ t  icDs ,  cur4 f srrnzcnc: que nc; si empre sun sepilros. 

2 . 5 .  "ARHIBARITIS": 
--.----- ------- 

Lo5 ultimuf 5 accidentee inrpcrrtarrtesr- qua hem35 terridn an fir-gentins 
en 10s u l t i r nos  24 m E 5 a S  ocurrld~s en el a t e r r i z a j e  contsron csts 
s i n i ~ t t r o  cunrpunents en  su caden;. caussl . En ef scto, un DC-9 Super PO 
choca contra 105 arlinIes 2 Kin antes de la cahecera cubierta, 'per 
n i e h l  a ,  la intenci bn do1 CFT era drscender hzsta  10s 100 p i e s  en una 
aprwximaci  bn con VOR-DME cuya ME& es 460 p i t s . .  . murieron tados. En 
el * mi  mu acrapuer tu, meses despi18=, un L e a r J r t  25 a ~ i t a t i ~ a  y p t r  
milagro zalen d e l  avibn tcdos viuoa, e l  acuat i za je  se p r o d u j ~  pDPque 
el p i  l n t a  estaba en,pe#ado en a t ~ r r i r a r  en el aeropuertt  de st\ ciudad 
n a t a l ,  dun en p lena  1 luv i  a torrential con visibi l i d a d  rsduc ida  a 50 
metrns. T r ~ s  8-737 se de fp iq tan  En accidentes similares!. escesa dc 
velocid~d en cabecers pot- Icr qtle e x c e d i  w o n  l as posi  t i  l i d a d ~ s  
opera t ivas  de la msquina psra  frrnarla r n  16s limitee d e  l a  p i s t a  (do5 
de,  el 10s qusdarnn i nuti 1 i 2 adnp) . 

La " a r r i  bar i t i  s" es una enf errnsdad operat iva q~ie t i e n e  d l v ~ r s a s  
causas, ~ C I E .  ~ s n  d e ~ d e  serlti  mental es hasta ecwnSmi c a r ,  perm en c3si 
t o d a s  c x l  s t e  el orgu1 lo  de un CPT para  quien e f t c t u a r  un "go-arround" 

es una ~ f t - e n t a  n s r c i s l s t i c a  n una maniahra EUG-standard. 
El camporrente p s i  col b g i  cu debe t r e t a r  se d ~ c , d t  1 G p s i  ttr:rrg la 

insti tuci anal , y el i n s t r r ~ c i  unal d e s l e  eI Depart amento C a p a r i  t a c  i 513 
ProJes i  mna3  dc 105 pi 1 ot~s. 

2. A. COCKP I T-RESUtJFCE-MRNGEMEI-IT: -- -------.--------------.- 
La FAA por =t .~gercnc ie  d e l  NTSR y la pr-oppi a OACl en la enmienrfa d e l  

8 dr- set i b K ! ! . r r ~  t i e  1987 SI & r t ~ : : c >  C., r ~ . ~ . b { v ~ j  erldan ersf sticamerrt.r a 1 P Z  

smprezas d i r t a r -  ct.tri.os ile FFZII-I y CRM a todos sun pilntos. Erl otrai 
" p a p ~ ~ r "  eii R S ~ E  S I I . ~ ~  nkri o p i ~ ~ ~ e r l t a i n u ?  . nuez t~ -us  hal. la= go5 srlbre E I  t ~ i i t , i  

2.7. STR!iZS : 
-+.. -*.-- 

[ - s t ~  F:= r~tt- i i  T A ~ I ~ ~ I I Q  L;e1 "Marhrtal d ~ 1  I l fuar io '"  que s i  bj sn cnmen-6. a 
escr ih i r -~ - ie  hs fs  4 a#os pot- pparte de Selye,  todtvla %a sique+- 
dcactrhr-1 c r ~ d a  I r ~ c :  mndtfs en qlle eske entidatl p e l e n f  I s i  ca actua aohr-F l c 3  

per F r j t - m a t i c e  de 1 as tri pr-71 aci oncs. 





G13 En utrae-  pa la t j ras ,  es urse f ~ r r n a  especial  Je rerurdar, en 1s qL4e 
el antique recuerda es re--actueli:ado d r  un? tnsnera mas 0 m e r ~ G s  
organi=ada y a vfcer  de u n a  manera apenas d i  sf r*arada. Nu tS ttn 

reel-t~rdu clarsf icnts c o n s c ~ e n t e ,  n i  ha:, c o r i c i e n c i a  que esa act iv idsa l  
E s p ~ c j a l  ~ r t r  r n c t f v ~ d ~  par l a  ntEfl#Gria. &I s l r j ~ t a ,  la. currductz le 
parPce plausible y apropiada, m i r n t r a s  que a1 ubservadar y 10s p r o p i 0 5  
~ 0 1  E-955 s.r@breCe COIT~C 51 17g111 srmer+tE dezprc~r~c~rc i  c , n a d  e i naprop i  ads. 

F a r ~ c a - L s  qut En el f i l l  dsbsr la habtr  Especial es p r o h l ~ m s s  en a c e p t G r  
y rnterader la realidad acttral 'a sea pnrque 1) hay protslamas 
e 5 p ~ c I f  icos en l a  s i t t iac i&~s  rea l  i n m t d i a t a ,  2) hay un3  p e r s i s t s n t t  
nleltfit-ia di+ e n f > ~ r i ~ r , c i a s  precuces p ~ r t u r b a d n r a ~ ,  3) hay urla irladacl.tad5 
p c r c c p c i t n  d r  la r e a l i d ~ d .  

Detlemns di+erer lc iar  el fin a i s l e d o  u o c s ~ i n n a l ,  d o  a q u ~ l l a  condic i tbn 
e n  Ia Cual  el AD e5 f r rcuente ,  h a b i t u a l ,  a c % r s t t e r l ~ t i ~ o  dc 
t e n d c n c i a ~  evidentas a lo l a rgr r  de l a  viaa d z l  stk j t to .  Es. c,t~i.io qucr- 

lmpulsividad sc basa En la ineptitud para tolerat- Ia f r u ~ t r a c i h r f ,  
una p ~ r t i c u l a t -  zlteracibn de la p e r c e p c i b i ~  de la realidad y de la 
autocrltlca, condi-~ctas I?a c;ir3ctar,lsticas dramjticas que en su F : - : t r e m U  . 
parecen muy cr rcanas  z l a  psicosis a 1 ~ 5  p s i ~ ~ p 3 t i a s .  

' En la eti~Iogla, al trauma p r e c m ,  l a  tandencia a lop la s t i c s  y 13 
f i jaci t8n  oral p r o p l r c - ~ t  a par  Fcni chel , GI-eenacre (13) agrega ,  urlr 
tendencia a la dramatizacihn o el exibicionisrno y una impcrtantf i  
at-tnqc~~ i nconclente creerlci a en l a magi z de 1 a acci4n.-  La nace-s-idarl de 
Ia dramat izac lbn puede ser una de 10s factores  m a s  i n f l u y e n t ~ s  p s r a  , 

nlod i f  i c a r  una tendencia 3 lo5 act05 nc-url t icos en una t e n d e r s c i ~  al 60, 
ya que pfidr la f i jar en 1 a m e l n u r i  a ,  patrones d~ conductir o r g a n i = a d ~ s .  

A n a  Fr~ud(lO1 enfatiza r l  hecho d~ q ~ e  105 kO rscurren en sujetos car# 
d r f e c t ~ r  en el dcsarrt l  lfi yoico y super yoicu que d i f  i cul t an  el control 
dc lo5 i n p * . ~ l s o s .  Imp1 f citamente, talar- def  ectfis e r t a n  r c l ? c i a r r a d o ~  
car) la incapacidad de p o c t ~ r g a r  Is grrtificaeibn y de tcrJel-a#- l o r  
p r ~ ~ f # n % s  i nstintivas sin r ~ c u r l - i r  a la aeci6n corn6 fot-ma de. a l i v i  sr 
la t~ t75 ibn .  
, Un piloto con  eta tendencih a1 "M'", ACTUAEfi sus conf 1 ictorj o 
reacci  onars i napropi adanterite En si tuaci  ones de s t r e s s  ad~ptar,tJn 
decisiimes a p e r a t i v x  inapropiadss .  No 5e t rs ta ,  unn 2 msg , dc 
"errores" sinn da clntomss de ufia pat-emel  i d a d  inaprapi ads p e r *  s1 
p i l o t a j ~ ~  nti d ~ t e r t s d a  en st! molncnto pur el psetrdosistenra de 
p r e v m c i  bn. 

2. C. LA CUL.TLIRA UE 1.G EMPRESA: --- ---------------. "-.. ---- 
, Pod~lirt'.: de-f inir  cu l t r l r a  conr9 1 a ''p~ograrnacibn m e r ~ t ~ l  ccrl ectiva" (24). 
En 1s culturs da: cockpit y En la r u l t u r s  d e l  grupb dc pilato-, d e  trna 
EnrprF5.3, s ~ t t I r n  prr vi 1 eji ~r s r  a c t i  t c i d ~ s  ccrncordzr,tes con la idculogla 
d s l  " R i g h t  S t u f + " ,  cowpetitiva~, temeraria~, e t t .  Sc suele dgr pnr 
~ahreentandida q r ~  ~5 mejor p i  l o t u  ol qtle ' k i ~ m p r e  5 5 1 ~ "  c~ " s i e m f t r e  
Entra" y Cuele catalfigares como s u b - s t m d ~ r d  efectuar  un QRF a deaorzr 
u n  VLIE.~G per nlc-kc-~~cj lugla .  

Lcss jt ,v~r.,e= p i  lot c~e, .a n ~ c t l i  ds qrae se ven i'nctrporartdo a 1 a crfiprezz 
no t i s r r ~ n  ~ t r a  dl te t -nat iva  q l t ~  z 5 1 m l l ~ r 5 ~  a EEG modalidad. 

La "c14It t i ra" dc l a  efitrtr~za VB t ~ n d i c i t r r r a r r d ~  p z ~ t l a t i n a u ~ n t ~  13 
conducts y el j t l i c iu  ~ p e r a t i ~ ~ c j s  y la capacidad de tumar daciaioner. 

E l  nbi tc s  Je? pilato invulnerable, q i ~ c  SE  met^ en cuonta t n r a e r ~ t a  
C n c ~ ~ ~ r t t r e  en 51). ruta y sale indemnr, que d e s p e g z  G a t ~ r r i z s  
cualesqui era  rosn las  c o n d i c l ~ n e s  r ~ e t ~ o r f i l  L g i  cas ,  etc., En tsnto 
 nodel lo idsnti ficstori~ I~gendar in, debs sar def i ni t i vament t  derpla-ado 
por ~1 p r c n p i ~ e ~ t n  pur I t s  camar~dantez Sass F i i r ra  y E l i z a l c l e .  Alcarta: 
el comsndsn:il. *'Dl rec tor  de Q ~ S ~ E ~ T I S E , ' '  t.5, 733 
En G'i sr-;', rnn1:,&-.4 !a que ~i g t ~ e  e z t r  i ctzmente l ~s patrones i rtzkr ~ r c c i  0- 

r 1 a j . l ~ ~  dc K t E  i lecds hacz Z a  o%us f na tu\;o un ~ o l o  ac~idente en tud3 Su 
h i ~ . t ~ , r i k .  SP a l l ~ n t a  p t l - r n a r ~ ~ n t ~ t ~ ~ a r - ~ t ~  a Ins capltar les e .  c - f e i t ua r  urre 
circularlbi-, o i r e s  a1 " a l t e r n ~ "  r l  l a 5  condicionss asi lo sccnsejm. 
Err C S ~ E  nhct~rento KL M contr a t a  lo5 pi Io tnc  dc V i  a53 para qtie VC~PLETI  5 L L S  

BC-10,  prJ*r .;Ins prcpirjr pilotas estan p a s s n d a  a ~ q u i p o s  madernoc,. 



3. DET ECC 1Ot.I Y D I AGIJOST XCI) PEECO 2 : ----------- 1 .-.---_.-----. -- -----.----- 
En aq~ael  h i r , t S t ~ t  ice "Manl~iil d e l  Usuar i w "  qrle deb= e s c r i  h i  rse sabre 

1 11mitacic;nes  opers t i vas  .j ps1cofisiol6gicas d ~ l  .pilato deb~re  
d l  scri m l  na r  se 1 s que pndr I amos ~ S ~ I G R I ~  nar 1 as "ALARMAS kt-IBfif?" y kac 
" ALABtlFlS, RU.1 A S "  '. 

J n s t r u ~ t c r e c  de v u e l ~ ,  jkf es de 1 lrrea, c o l e g a s  p i  lot05 ,y medicos 
aeconaut t cos d e h e ~ w s  astar rnanccrrnurrados en 1 a conci ~ n c i  a y l a 
determirtsc~br~ d e  cn-latiolrar-en La erradi.caci&rr de l o r  f a c t w e 5  de 
r l e s g n  d e l  si sterna aer~nautico y En la prevtnc i  bn de desa justas 
p5icof  ic,i nl bgicss d e l  p i  l otn ,  que eventualmente , t o  cnnduzcan a 
1 ncut-r i r elf s 1 guna "condusta i nsegura". 

La 5i qlkienta 1 i s t a  se cormpcrr,u G p a r t i r  d o  otrzs publicadzs par 
rmsotras ( f 8 i  y ott-os a u t o r ~ s  carno E l  ixalde  (61 , Flatenius (251, 
V G ~ ~ C T ~ )  , R ~ ~ n h a r d t  !at1 y A l b o v  (Z\, cr4 l a  m&dida que SUE. i t ~ m s  n o s  
re~ultartn splic~bles 2 nucstro *aqui y ahora"': 

"ALARIWS AMBAR": 
---- ----- -------- 
3.1. f intscrdentss  de f rac  asus gscol are5 y pro f  esional E s  . , 

a 2 ,  ~ k t e c e d e n t e s  ds accidsntes Q insidentrs en 10s que estuvo 
inipl iczdo cl p i  lutm curno f a c t o r  cau;a1 0 cantri  b u y z n t ~ .  

3.5. A c t i d e n t e  a muerte de algun cmpa#ero, amigo o pziriante. 
5.4.  Enf e r m ~ d a d  de f arni 1 i a r ~ s  directas. 
3.5. Proble~nas  conte,:tuales (econbmica-+inanier~s, hahitacicr- 

n a l e c ,  etc. ). 
3.6. Persnnal i dad introvsrtide y paco comuni cat iva .  
5.7. P E ~ - s ~ n a l  idad  s i n  sentido del humor. 
3.0. Pcrsarralidad con encesfi d~ c u ~ ~ f i a r ~ z a  y %in autocrikica. 

(Sd. d e l  pilota i n f a l i b l ~  o d e l  gue ce la5 sab+ t ~ d a s ) .  
;,?. P ~ r ~ a t t t l i d a d  i n t p t ~ l s i v a  rn c ~ r t  tendprrcia a1 "ac-ting-octt". 
5.10. Pereonal i dad con tsndencia r bloquearsc en condicioneo de 

strz%:.g o p ~ r  aci aria1 &gudfi (eifiergcrrci as) , 
3.11. Per~snsll dad e;4cesivamenta u b ~ s s i  va y cantpal adara. 
3-12. a l g i  da +ormaci bn re1 igiasa d S  carte mnral  i s t a ,  cofiversibn 

religloca d~ t i p 0  nistico-fl~ndamentaI.i~td~ 
L ..*. 13. Tahsquis;n,o, cafeinnmania, a~ttuaredicacibn. 
3 . 1 4 .  Alcahol ismu "social ". - ,.iS. F a l t a  d e  profesionalismo 0 ntot ivacikn pur ~1 per fccciunamier~ta  

(Sd. d ~ l  "c;ta:,asano"). - a.16. T e n d r r ~ c l a  a1 v u ~ l n  t ~ i t ~ ~ r a i - i u  v io lando  r E g l a i 4 ~ r r t a t l o n e r .  
Tendcncis e vlalar l a s  reglas  d~ t r a n s i t o .  

3.17. Tc!~det i r ia  a r r o ~ t r a r  sc~s I-lahil idades err vuelo y conaiderars~ el 
I , - _ -  r,m=tsr" 15d. de M a r c ~ n c i n i  > . 

3.1s. T a n d ~ n c i a  a desrubrir 0 inventar  nuevoe procedimientns.  
( Sd. d e l  "d~scul amonos" ) . 

S. I?.  UI f icult+,d con 1 a c r c k ~ - c ~ n r d i n ~ t i o n  Idiztectada pnr el numcrfi 
de FI'O qtte ns d e ~ e a n  v o l x  can el). :. 20. D i  f i cul tades en l a adak7t scl tn a un nuavo a v i  bn. 

3.21. Dificultades en simuladnr de vuelo. 
3.22. Imprrs ib : l idad  de a n t i c i r t ~ r ~ e  d l  a v i h r ~  ("el a v i h n  le gana"). 
7 77 J.,.. M ~ n i f c s t a c l f i n e s  d r l  Sindrdme ds Dcsadaptacion 51 Vuelo itefiOr, 

~ x c ~ t s a s  rspin- ias pard no vol a r  , e t c )  . 
w , .24. E c ~ a d a p t a c i b n  msni.fie=,ta a l a s  paut3.j culturol~s del qrupc d~ 

p i  1 c&ns idesaf  i 1 i a c s h  a1 gremio, no participacibn de actlvi- 
dadez s c c i a l t s  d ~ l  grupo, ~ t c .  1 .  

3.25. Enferatdades organicas ocultadas & l a  mutaridad m1ed1c.w- 
aerortar~t ica quc- amenaren. ;u cptitud o actuen incrsnrci~ntetnente 
atentando cont ra  su I.IORMAL. sofitirrtiento de " ~ n v t ~ l n e r a b i I i d a d " .  

3.2b. Compromstidn l ;tars1 mente en cuesti anec o negaci on e x t r a -  
a c r ~ n s u t  i cos I S d .  d r  T c s t u r e l l  i ) 

5.27. Fi loto preaionado a p r e s i ~ t r a h l e  ISd.  de1 pass jero V I P ) .  
3.28. FiO " c a s t r z d ~ " .  .. 
3.29. Fatiga dc vueln laguda,  zcumulativa y c r b n i c a ) .  
3.30. F s l t a  de a t ~ n c j b r r  a su estadcr flsico (Fitness), obesidad, 

s ~ d e t i t a r  i z n l c r ,  d~saseo pep sonal , e t c .  



" AI-AAMAS RUJAS" I 
----.-- ------ ---- 
3.31. Mas d~ t r e s  tlL.ACFIRS hH8F;FI. 
7 rg ,*. 22.  Camtio S ; E  carmctcr ,  particularment~ hac ia  l a  d ~ p f ~ 5 i  419 D la 

e i ~ f  ori a exces iva  , can tendrnci f P msni 4tsts.1-te invulnerable. 
3.33. A1 calial i EI~IC, y r?tr.as ad1 c r i  ones (US. Air de La Guardi r. ' 8 7 ) .  
5,34, Coalpromiso ser'ti mcntal can+ 1 i c t i v e  i p ~ r e j a  papalel  n ci n 

resol vet- el divorcio previ G ,  otc .  ) . 
3.35. Contexto lator&l c & S t ~ c t i i  incata$i l i Jsd l a b o r a t ,  c~nduccibi -4  

a r b i t r a r i ~ ,  eLc, 
5.3&. Tt- ipulaciLn c a r ~ c t ~ r ~  a1 u ~perzciunalmente incumpatible .  

Corn~ insist i l i los en btrz  putlic~ciBn IlS), en la medidzt qua 
considrremos a1 pilot0 l o  mejor a l a  t r i p c ~ l a c i b n )  el "l ivewart"  dtl 
sfste%a serunaut iso ,  y apLiqusmo5 p z r a  su i n t e l e c c i b n  y a d m i n i ~ t r a c i h n  
la m i s m a  Qiln=o+ta r i a t ~ w i c a  ucada para el r125to del "airline 
businers", cacr-cmnn cn la cuenta quc ND HAY ERRORES nEPlLOTAJE, Hz.y 
condtrctaa in~tgr . t t -as  que p t ~ ~ d e n  y r ~ v c - n i r r e  implementando un ob jativu 
ap~ratP,rre: 

NAD& I MESPERADO DEBE OCURR IRLE A U~JR TR I PULRC I ON 

la implerncntacibn de: 

4 . 1 .  L h  si st enla d z  p r ~ q ~ n c i b n  5 i  stemi ~a que reeaplace a actl tal  
pe-eudo-si sterna de caf ipar t i  mstitos estancos y d~ caractsr lsti Gas 

p e l  i c  l act -per~eci l tari  35. 
4.2. C:r i teria de eel e c c i h n  de p i  lotcrz ab-ir l l  tic, nn "instsrrtsneG" 

Sin0 "pracemual". ~s a p t i t u d  paic~fisiolbgica i n i c i a l  d a t e r l a  
c turgarse  o'ad-href er~ndttm" d ~ l  d c ~ a m p ~ A o  d ~ l  zl umno-pi l ot.0 en el 
proceca de aprcndi: r je, y e v ~ n t u s l  mente, debor l a  ser r ~ s x a m l  nado si c r  
detectan fallas en l a  a d q ~ r i s i s i b n  dz fa5  hatilidade~ y c ~ r ~ d u c t a ~  
prop1 r e  de! vlrslrs C-EQUPO. Menos "f tmentol'y mas ri gurosi  dad "a&-ifii t ia" 
4 Z. Rase1 e c c i ~ n a r  a las Pilatns-If istructwes de todas 1 as 

categori as. Wni + n r m a r  105 cri t s r i ~ s  inctrucci onairs. I n s t r u i  r a 1 GS 
instruct ore^^ en FFCbt, Dcherla f v r n ~ a r s ~  lrrta asoriacj$n dc i n ~ t i - ~ ~ r t m r e ~  
con rcqt~is i  t a z  para  incurporarse y manttnerrf?, con t ~ n  cbdigcr de etrir.3 
y Lrria  nileu,: sl~tsi t r l  t t u - 6  d a  valaresj y t . radic j  o m 5  (30) . 

4.4. Ectabl~cer un si sterne de f ~ e d - b a c k  i n f  armatt vo ent1-a 
i n s t r u c t c ~ r ~ s  y medi c ~ a  o>:aii,i n a d t r ~ r  G gstin~tes p s i  cnf isial bg i  ~ 0 5 ,  a 
1 ~ 5  ef e22ns de mfaritener ba j~ abservacibn a 105 p i  lotas que tengan En 
 US "t.abl  arfis" ~ n c ~ l l d i  da a i  guna " ~ l  arma arrrbar". 
4.5. C r r s r  un dispasitivn de d laqnbs t i co  "puesta a punto" de leis 

p i  l otos prof asiunel es quc esten " al horde de I z p ~ r d i  da". 
4.5.  Efnctuar tcsdos 10s esfiibrzrrs pasibles en la concienciacl6n. 

actuaIi=zcibn t&r* ica  y cntrerlarr~ientrr en ~i? lu Iador  de 10s pilotos de 
tndas l a 5  categor lat. 

4 .  HR:T~ izar e v a l ~ a C i ~ t f i ~ %  peri b d i t a ~  t a n t o  de Ins in5trt4ctf i rez 
c m a  de los pilatog, que las obliguc a mantenerse actualirad~~, y 
entrknadr~s. 

4.7.  Prcrpcrlder a la EXCEI-ENCIA tamhien en ~1 pilotaje. 
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INTRODUCTION 

The public demand f o r  air transcortation has increased 
steadily over the bast t w o  decades and t h e  civil aviation 
industry has adzpted and grown to meet t h i s  demand. During 
the same period the industry has stezjily reduced the , 
accident rate (ref 1) and t h e  publ i c  now perceive eir t rave l  
to be a relat ive ly  safe and reliable form of transportation. 

Unfortunately, the dramatic reduction in the overall accident 
rate has not been accompanied by an equivalent reduction in 
the fatality rate of those onboard an aircraft which is 
involved in an accident. Thus, one of t h e  objoetives of 
new or modified scfety regulations, requirement or procedures 
must be to inerezse t h e  probability af ,survival  in eiscraft 
accidents. 

Recently In the UK, a number of steps have been taken by the 
C ~ v i l  Avia t ion  Author i ty  to achieve t h i s  objective. These 
have included regula t ions  r e l d t i n g  t o  the in t roduc t ion  of 
f ~ r e  blacking mate r i a l s  for a i r c r z f t  sezts, floor proxinicy 
l i g h t i n g ,  smoke detectors in the toilet com?arcments, crew 
rest areas and czrgo holds ,  together with additional access 
a t  the cverwing e x i t s .  The objective to improve passenger 
survival rates has also l ed  to a Gemand for human f ac to r s  
evaluations of new and existing sz fe ty  provis ions .  It is 
hoped t h a t  if we had a better understanding of behaviour, in 
condi t ions  which for many people are h igh ly  stressful and 
disorientating, we could determine which additional steps 
should be taken to improve t h e  probability of a successful 
evacuation of a l l  passengers from t h e  a i r c r a f t .  

Whilst no two accidents can ever be t h e  szie, it is possible 
to learn from the similarities and differences between t h e  
causes of the accidents, their loca t ion  and t h e  environmental 
conditions present,  the types of passengers onboard and their 
ressonses to t h e  emergency. A For instance,  there were many 
similarities between the becident which occurred at 
Manchester in 1985  and t h e  one which occurred zt Calgary in 
1984, in that they were both caused by an engine f ire  at take 
off . However, they differed in one Lrnportlnt respect, namely 
t h a t  at Manchester there were 55 fatalities whereas i n  
Calgary everyone survzved. We know tha: in some a i r c r a f t  
t s c i d e n t s  everyone files out o f  the plane in a rapid although 
cz5erly manner. For example, in t h e  evacua5icn of a B r i t i s h  
&,svays 747  at Los A n g t l e s  in 1987 as a result of a bomb 
scare. In other aecldcnts however, the o r d e r l y  process is 
r.ct adhered to and confusion in the c ~ b i n  can lead to 
klackages in t h e  zisles and at ex i t s ,  w i t h  a consequent loss 
cf life. 

Prom the reports of a number of accidents it is possible t o  
kc i ld  up a picture of the ex i t s  typically used by passengers 
W ~ Q  survive an energency where t h e r e  is smoke and f i r e ,  as 
etn h ~ p p e n  fol lowing crash landing. 



From this we know: 

) that some passengets exit by their nearest doc=, as 
would be expected. 

151 t h a t  other ptssengcrs do not exit by tneir nearest 
available door but travel for considerable  d ~ s  taaces 
along t h e  cebin, e.g.extremt cases of bzek to front. 
Why and in which circumstances do they choose to do 
this? 

Ic) t h a t  o the r  pzdsengers apparently neaf e x i t s ,  6o not 
survive. Do tbsy panic and freeze, give up, get  crushed 
by other  p c ~ p l e  from behind or zro~nd, do they have 
t h e i r  seat bzcks pushed onto them? 

( d )  we also know that blockzge can occur in the &isles 2nd 
a t  exit$ i n  some accificnrs, when this does no t  occur 
in evacuation demonstrations f o r  certifications. 

There are in fzet a great many questions which  a3 y e t  we are 
not able to answer about t h e  behaviour of people in 
emergencies, including t h e  important question of why ~n some 
accidents the p~ssengers evacuate in an orderly manner, and 
i n  other  acc iden t s  the behaviour is d i s o r d e r l y .  

It is suggested t h a t  one of the primary reasons for the 
d i i f  arences in behaviour, between the orderly and disorberly 
s i tuat ions must rest w i t h  t h e  individual motivation of the 
passengers. In Come accidents as i n  t h e  a i r c r a f t  
certification evzcuat ions, a l l  of the passengers assume that 
the objective is get everyone out of the a x e r a f t  as quickly 
as possible, and they therefore all work c=llaboratkvely. In . 
o the r  emergencies, however, .the motivation of Individual 
passengers may be very different, especially in the presence . 
'of smoke and fire. In a situation where an imcdiate threat 
to life is perceived, rather  than a l l  passengers being 
motivated to help each other,  t h e  main ob jec t i ve  which will 
govern t h e i r  behaviour w i l l  be survival f o r  themselves, and 
i n  some fnstzaces, members of the i r  family. Xn this 
s i t u a t i o n  when the primary surv iva l  instinct takes over, 
people do not work collaboretively. Thc evacuation can become 
very disorganise8,  with some individuals rcnpetlng t~ get  
through t h o  exits, The behaviour observed in the  accident 
which occurred at Manehester, and other  accldenta ln the UK,  
i n c l u d i n g  t h e  f i r e  at t h e  Bradzord C i t y  footbal l  stadium and 
t h e  Zeebrugge f e r r y  disaster, supports t h i s  theory. In fact 
in t h e  Zeekrugge disaster some adults  pal led ch i ld ren  off  
life rafts in order to survive. 

The cabin safety research programme at: cranfield has been 
sponsorea by t h e  UA C i v i l  Aviatica kdt3cr:ty (CAA) and was 
inititzted in 1986. 

The CAB commissioned Cranfield to conduct an experimental 
programma, to investigate t h e  i n f luence  of cer tc in  cabin 
con f igura t iona l  factors on the behaviaur ef passengers in 
s i t u a t i o n s  where the evceuation process had become 
disorderly.  The objectiveof t h e  r e ~ ~ a z c n  vas t o  assess the 
effect an passenger behaviour and flow rates during simulated 
emergency evacuations of: 

(a)  The in f luence  of increzsing t h e  w i d t h  cf the pzsrageway 
through the f l o o r  t~ c e i l i n g  bulkhead lozding to f l o o r  
l eve l  Type I ex i t s ,  on the time taken f o r  passe9gers to 
evacuate the aircraft. 



(b) The extent to which an increzsed distence between the 
sect xows adjacent to t h e  overding exit, or the removal 
of t h e  outboard s e a t  besids t h e  overwicg e x i t ,  would 
improve the rate at which passengers could pass through 
the e x i t  in an emergency. 

In any research prograke in whieh the  objective is, to - investigate accident or emergency escape behavaour ( from 
either fires in aircraft, notor vehicles, f ires  in bui ld ings ,  
etc.1 there is a primary dilemma: how to i ~ z r o d u c e  sufficient 
realism i n t o  t h e  experimental proqramme, vhilst at the same 
t l m e  not  p u t t i n g  people a t  serious physical and perhaps 
mental rlsk? It 1s t h e  trade-off between szfety and realism 
which is always the  challenge for  researcners faced with the 
task of investigating the human response to s a f e t y  provisions 
for use in emergency situations, such as fire on aireraf t. 

For both ethical and practical rezsons i t  is no t  possible to 
put members of the public in a s i t u a t i o n  of fear and t h r e a t  
for the purpose of research. However, a technique used in 
laboratory work in behavioural science i s  to offer. an 
incentive  payment to volunteers. This is done in an attempt 
to influence the motivation and pesformcnce of individuals 
either individually or in groups. 

Two independent series of evacuation trizls were conducted, 
which included tests of a l l  of t h e  configurations under 
consideration. In the first t e s t  series, a system of bonus 
payments was intraduced in order to increase t h e  individual 
motivation of the volunteers to get out of t h e  aircraft as 
quick ly  as possible.  In the second test series a l l  of the 
volunteers were simply t o l d  to evakuate the aircraft as 
quickly  as poss ib le  and no bonus payments were made. The 
bonus payments were introduced in order to simulate 
experimentally t h e  cornpetitfan which is known to occur 
between people trapped in a confined space fighting fo r  t h e i r  
l i v e s .  The second test series (in which no incentive 
payments were made) was conducted in order that comparisons 
could  be made between the  evacuation rates fcr t h e  
configurations being evaluated in the f i r s t  test series and 
t h e  evacuations conducted by the airframe rnanuf+crurers at 
the t i m e  of aircraft certification. 

It w a s  ant ic ipated  that with the data from t h e  experimental 
programme of evacuations, it would be possible  to determine 
whether t h e r e  was an optimum aisle width through t h e  bulkhead 
leading to the Type f exit, or zn optimum seating 
configuration adjacent to t h e  Type 111 e x i t .  

METHOD 

A Trident  Three aircraft permanently sited on t h e  r i ~ f i e l d  a t  
Cranf ield Institute of Technology was used for t h e  
evacuations. Volunteers from t h e  public were rseruited in 
groups of appcximately s ~ x t y  to take p z r t  in evacuztions 
from t h e  T r iden t .  Tbe circraft provide6 an element of 
realism which was considered necessary. Additionally, the 
aircraft had a similar cabin layout, to meny of t h e  narrow 
boeied aircraft in operation a t  the time of t he  
investigation. 

a )  Evacuations t h r o u g h  t h e  bulkhead 

The following configurations were assessed: 

(i) The international minimum, a w i d t h  between t h e  
gzlley units of 20 inches  (51cm) 



(ii) A bulkhead which is typically seen on aircraft, a 
width between the galley units sf 24 inches (Slcm) 

(iii) A width between the galley units of 27 i~ches (6ecn) 

(iv) A width between the galley units cf 30 inches (76~x1) . 
(v) A width between the galley units of 36 inches (91cm) 

(vi) Port galley totally removed 

The configurations are illustrated in Appendix A. 

The flow of volunteers through the bulkhead was of prime 
importance in the evaluation of the optimum width between the 
galley units. It was therefore important that the number of 
volunteers attempting to reach the bulkhead was not 
influenced by a blockage at an exit downstream of the 
bulkhead. Consequently, both of the port Type I exits 
forward of the vestibule were utilised in all of the 
evacuations through the bulkhead. (See Appendix B). 

In order to direct the volunteers in a way which would ensure 
that the only restriction to the rate of evecuation was that 
of the bulkhead, a member of cabin staff was positioned in 
the vestibule area forward of the bulkhea? in order to direct 
passengers to the exits. (See Appendix B). 

In order to avoid any interaction becween the seating 
configuration at the overwing exit and the evaluation of the 
impact of the width between the bulkheads, the seating layout , 

through the aircraft remained constant during 211 of the 
evacuations through the bulkheads. 

The behaviour of pzssengers using evacuation chutes and their 
associated flow rate was not within the scope of this 
investigation. The. use of ramps, razher thzn chutes, 
eliminated this variable from the design. It also removed 
the risk of volunteers being injured whilst usinc the chutes. 

Evacuations Through the Type I11 Overwing Exit 

The following configurations were assessed: 

(i) The minimum configuration complying with C M  standards 
~ r i o r  to Airworthiness Notice Mo. 79, which is also the 
FA4 minimum standard, with a seat pitch of 29 inches 
(73cm) and a vertical projection between the seat rows. 
of 3 inches (7.6cm). The outboard se=ts in the rows 
bounding the exit were modified to allow minimal recline 
and break-forward movement. 

In con5itions (ii) to (vii), the movement of the backs of the 
seats in the rows bounding the routes to both the port and 
starboard, Type I11 exits were restricted. The limited 
recline and break-forward of seats, ensured that the 
configuration were in accordance with the specificatiocs of 
Airworthiness Notice No. 79. The configurations are 
illustrated in Appendix C. 

(ii) A configuration in which the access to the exit betwee3 
the seat rows was 3 inches (7.6cm) with a corresponding 
seat pitch of 29" -(73cm). 



(iii) The CAA standard in Airworthiness Notice No.. 79 
paragraph 4 . 1 . 2  (ref 2 )  in which 'Sezts may only be 
located beyond the centre line of t h o  Type IIL exit 

provided there is a space immediately adjacent to the  
exit which projects inboard fzon the exit a distance no 
less than the width of a passenger seat  and the seats 
are  so arranged as to provide t w o  access routes'between 

. s e a t  rows from the eebin a i s l e  to t h e  e x i t ' .  In t h e  
research programme t h e  s e a t  row adjacent to t h e  exrt 
had the outbozrd seat removed and t h e  seat rows fore 
and a f t  of the Type If1 exit were a t  a seat pitch of 
approximately 32 inches (81.2cm), w i t h  the vertical 
projection between the seat rows being 6 inches 
(15.2~~1). 

(iv) The CAA standard, specified in Airworthiness Notice 
No.79, paragraph 4.1.1 (Ref 23, in which 'All fomzrd 
or aft f a c ing  seats are arranged such that there 1 s . a  
single access route between seat rows.from t h e  aisle 
to a Type 111 exit, the access shall be of-sufficient 
w i d t h  and located fare and aft so t h a t  no p a r t  of any 
seat w h i c h  i s  beneath the e x i t  extends beyond t h e  e x i t  
centre l ine  znd the access width betueen sezt raws 
vertically projected s h a l l  not be less than half the 
e x i t  h a t c h  w i d t h  inc lud ing  any trim, or 10 inches, 
whichever is t h e  greater'.  In the research programme 
t h e  sezts fore and a f t  of t h e  Type IiI e x i t  were a t  a 
s e a t  p i tch  of approximatly 39 inches (99cm), with t h e  
vertical projection between t h e  seat rows being 13 
inches  (33cm). 

( v )  A eonfigurztion i n  which t6e access ~etween t h e  seat 
rows ver t i cz l ly  projected was approximately 18 inches  
(46.lcm), w i t h  a corresponding seat p i t c h  of 44 inches 
(I l lern) .  

(vi) A configurttion in which the seat  pitch between t h e  
seat row f o r e  and a f t  of the exit was 51 inches 
(129.5cm) . The r e su l t an t  vert ica l  pro jec t ion  beiween 
the seat rows was 25 inches (63.5cm). 

( v i i )  h eonfigurztion in which ali of t h e  seats located in 
line w i t h  the e x i t  were removed, leaving a p i t ch  of 

'approximately 60 inches (152an) between the seats fore 
and aft of t h e  exit. The resultant vert ica l  projection 
betueen t h e  s e a t  sows was 34 inches (e6.3cm) 

The configurations are illustrated in Appendix C. 

In all of the evaluations of the seating configurations 
adjacent to the Type I f 1  exit, t h e  egress took place through 
the port overwing exit. (See ~ppendix B). ~ l t h o u g h  "it had 
initially been suggested that there might be differences 
between t h e  ease of egress th rough the port and starboard 
e x i t s ,  data which had been collected by t h e  FAR ind,icated 
that l a t e r a l ~ t y  of e x i t s  did n o t  affect  t h e  rate, of 
evacuation (Ref 3). The FAA report indicated that an 
i n t e r ac t i on  was obtained ,between the method of opening t h e  
Type III exit and the sest essfiguration on egress rate. To 
remove this i n t e r z c t i o n ,  t h e  method of opening the exit was 
held constznt throughout t h e  trisls.  Thls  was achieved by a 
member of t h e  rese~rch teem being employed to open t h e  exi t  
and hand it to a t rz ined  obssrver on the wlng. 



PROCEDURE 

As has alrsaZy Z e o ~  indiczte2, the experimentzl progrtmme 
comprised t w o  separate s e r i e s  of evacuations involving 
veluntcer members of the public. The first series included 
making bonus payments to the first  ha l f  of the volunteers t o  
evacuate t he  z i r e r z f t  (competitive evacuations). :n the 
second series na bonus paymmts were ma& and t h e  procedure 
f o r  the volunteers was the same es in zn e i r c r c f t  
certification test [non-competitive evzcuations). The 
procedure f o r  ezch of t h e  t e s t  series v i l l  be described 
separately. 

Competitive Etfacuations 

Volunteirs were recruited in groups to take' part in an 
experimentzl session which comprised £cur ever~c t ions  frcm 
the T r i d e n t  a i r e rz f t .  I n  two of t h e  evccuations all af the 
volunteers pzssed through the bulkhead and evacuated through 
the Type I ex i t s  and in two 0: the evecuctions a l l  of the 
volunteers evacuated t h r o u g h  t h e  port Type ILI overding exit. 
The configurations were all tecred on a minimum of right 
occasions, with the exception cf the ccnfigura:ion (b)(ii} 
above. This was consieered to be of second~ry impcrtznce and 
was tested on four occasions. 

The test progreme involved 28 separate test days of f ou r  
evacuations. Xn order to account for t h e  effects af fat igue  
and Fractlce the order in which the ccnflgusztions under 
review were tested, was systematically varied using . a 
counterbalanced design based on a l a t i n  square. Although the 
volunteers were told t h a t  they would be required to take part 
in some evacuations from the  aircraft ,  they were n o t  g i v e 9  
any informztion about the canfigurations un6er rev iew,  or the 
order in which t h e  evacuations would be performed. 

The volunteers were members of the p b l i c .  They were 
recruited by local advertising and were told thzt they would 
be paid a T I 0  attendance fe& af ter  they had completed four 
evacuations. The volunteers were instructed that t h e i r  task 

, was to evacuate t h e  a x e r a f t  as quickly es possible once the 
e x i t s  had been opened by the  C r a n f i e l d  stzff . In addition a 
E5 bonus would be paid to the  first  half of the  volunteers to 
Pass through the e x i t s  which were used on eaeh evacuation. 

The bonus payments were made immediately after eaeh 
evacuation. The seating plans which were developed fox t h e  
volunteers  on the four successive evacuations from the 
aircraft, gave each volunteer an equal-chance of receiving 
the monetary incentive. volunteers were not allowed to take 
part in a test session more than once in any s i x  month period 
(this requirements is also specified f o r  volunteers taking 
part in evacuation for aircraft certification). 

The safety of volunteers wzs an important cons ide ra t ion .  To 
this end, only volunteers who claimed to be seesonably f i t  
and were between the ages of 20-50  were recruited. On 
arrieal a l l  volunteers were given a medical examination. 
They were also asked to complete a questionnaire ind ica t ing  
that l i) they had fully Understood t h e ,  purpose of the t r i a l s ,  
( ii ) t h e  medical information which they had supplied was 
correct and (iii) t h a t  they were s a t i s f i e d  with the insurance 
cover. A doctor and t h e  a i r f i e l d  f i r e  service were present 
a t  a l l  times. A system a£ zlarns was employed to stop any 
evacuation should e real emergency occur or should there be 
concern f o r  the safety of any volunteer. 



In order to in t roduce as much realism as possible, no t  only 
did the evacuztion take place from a zeal aircraft, but On 
t h e i r  arrival a t  the a i r f i e l d  the volunteers Were met by 
members of the research t e r n  trained and dressed cabin 
s t a f f ,  After boarding the aircraft ,  they were given a 
standard pre-f l i g h t  brief fng by the  cabin s t a f f  , they then 
heard a sound recording of zn aircraft  s tart ing  qp and 
taxiing to a sunway. s his sequence of recordins lasted for  
approximately f i v e  minutes before giving way to the s imulated 
saunds o f  an . aborted take-off. T h i s  sequence was 
subsequently followed by a period of s i lence ,  in which time 
the pilots were supposedly shutt ing down engines and liaising 
with the cabin s t a f f .  The shut down period was predetemined 
for each evacuation, bring either 3 ar 25 seconds. The 
variation ensured that the subjects cculC not ant ie lpate  t h e  
precise t i m e  at which the  call to evacuate uauld be given .  
On the command 'undo your seatbelts and get  out', t h e  
appropriate exits Here opened by research personnel and the 
volunteers evacuated t h e  aircraft. 

After each evacuation a l l  of t h e  volunteers  were requi.red to 
coinplete a questionnaire indicating t h e  route which they had 
taken from their seat to the exit, whether any person or 
object had hindered their progress and their assassment on a 
scale  of I to 10 of the difficulty of their evacuation. 
Additional questions were included on the questionnaire 
earnpleted after t h e  f o u r t h  evacuation asking volunteer5 for  
in foma t ion  about &ether they had adopted or changed t h e i r  
strategy for egress during the course of the  evacuations. 
Demographic information  elating to each volunteer's age, 
s e x ,  he~ght and weight was also collected. 

 on-competitive Evacuations 

Volunteers  were reemited i n  groups of appsoximataly s i x t y  to 
take part in one experimental session which comprised two 
evacuations f r o m  the Trident aircraft. In one of the 
evacuations a l l  of the  volunteers passed through t h e  bulkhead 
and evacuated from the aircraft through either of the  two 
Type I e x i t s .  In the o the r  evzcuetioh, a l l  of t h e  volunteers 
evacuated through the part Type 1 x 1  overulng ex i t .  

The six.bulkhead c c ~ f i g u r a r k o n s  a t  the entracce to the galley 
u n i t  and the ove-ing seat ing can£ iguration (ii ) - (vii 1 which 
uere tested in the cmpst i t ive  evacuations, uere each tes ted  
on two occas ions.  The  test programme involved I2 separate 
t e s t  days of t w o  evacuations. In order t o  account far the  
possible effect o f  prsctiee, the order in which 
eonfiqurations undir revlew were tes ted  wzs systeXiatically 
varied using a counterbalanced design.  As in the competitive 
evacuations, the  volunteers were t o l d  that they would be 
required to take part in some evacuations from t h e  a i r c r a f t ,  
but they were not given any fnfcrmzzion about the 
configuration uhbx review, or the arder in which t h e  
evacuations would be perf omed. On arriving at Cranf ield 
they were told that they would be paid a 510 attendance fee 
after the had cc~pleted the two evacuaticns, The volunteers 
were instructed t h z t  t h e i r , t a s k  was to evzzuate tbe aircraft 
as quickly as possible once the exit[s) hzd been apened by 
the Cranfield staff. 

After the competitive and non-competitive evacuations, before 
the  volunteers I ~ i t  the s i t e  they were given a d e S r i e f ~ n g  in 
which they were reminded of the safety of air  trave l  and 
advised that they s h o u l d  get back i n  touch with cranfield if 



they experienced any physical or mental ~rsblerns as a result 
of the evacuations. At the end of the the test prcgramme the 
volunteers were invited tc return to,Cra?field to attend a 
lecture about the work in which they had participated. This 
feedback to volanteers proved to be very popular and was a 
useful source of vclunteers for other inves=igations. 

A report including a description, methods and results may be 
obtained from the UK Civil Aviation Authority.(ref 3). 

RESULTS 

Competitive Evacuations 

In the test series of competitive trials the final data base 
included information from 110 evacuations, of which 56 were 
through the bulkhead and 54 were through the overwing exit. 
Deteriorating weather conditions, poor quality video 
recording and damage to seating during preceding evacuations 
caused four evacuations to be omitted from the programme. 
Five evacuations were abandoned because blockages of pe,ople 
in the overwing exit caused the safety officer to consider it 
to be dangerous to contine. Two evacuations through the 
bulkhead were terminated when a volunteer fell and would have 
been trampled upon if the evacuation had continued. Thus 
data was not obtained from eleven of the planned evacuations. 
Over the trialseries 1558 volunteers took part with an 
average of 55 participants on each test day. The mean age of 
the participants was 28.8 years and 71% were male. 

The seating in the cabin was designed so that all volunteers 
wocld have an equal chance of receiving the bonus payments on 
two out of the four trials in which they took part. In 
practice, individual differences in behaviour meant that this 
did not occur. Table 1 indicates the frequency with which 
volunteers received the bonus payments. 

Table 1 Age and sex of volunteers achieving bonus payments 

I No of bonuses I of volunteers % of males Mean age (yrs) I 

Evacuations through the Bulkhead 

Passenger flow rates through the exits were obtained from the 
video recordings. The evacuation times for each of the 
volunteers to pass through one of the exits were taken from 
the call to evacuate the aircraft rather than from the 
elapsed time from the first individual to reach the exit. 
Statistical analysis indicated that there was no significant 
difference between the results from the two methods. The 
evacuation times have been compared for the first thirty to 
pass through the exits used. These times were used as the 
criteria for determining the evacuation flow rate for each of 



the Configurations tested. Since the bonus payments were 
only available to the f irst  h a l f  of t h e  volunteers to reach 
t h e  exits, (approximately t h i r t y ) ,  i t  was assumed that many 
of the volunteers reaching the e x i t s  in the latter half of 
the group had realised that they would not  receive a p a p e n t  
and had therefore stopped competing. For t h i s  reason t h e i r  

.data was not inc luded  in the analysis. 

Table 2 Mean evacuztion time for the thirtieth individual 
(time in seconds) 

SD = ~ t a n d & d  deviation associated w i t h  the mean 

Evacuation 

PGR = P o ~ t  galley removed 

Bulkhead 
Aperture 

+ i) t a u  

ii) 24" - 

iii) 27" 

iv) 30" 

V) 36" 

~ i )  PGR 
I 

As the means suggest, statistical treement of the  data 
indicated that as the aperture i n  the bulknead was increased; 
the  evacuation rate increased, leading to a seduction in t h e  
time far  the first thirty individuals to evacuate the 
aircraf t  (F531 = 10.5 p<0.001*). There was no significant 
difference between the times f o r  t h e  first or second 
cvseuat ions through the bulkheads which the indiv i iua l  groups 
of volunteers completed (F1,11 = 0.001Ns:. The individual 
comp+risons of means indicated that there  was a significant 
difference between t h e  mean times when the  aperture in the 
bulkhead was 27" or less, and the mean times when t h i s  
aperture was 30" or greater. 

Evacuations through the Overwing Type I11 Exits  

Mean 

26.3 

24 .5  

23.2 

18.4 

17.2 

1 4 . 7  
4 

hs in the analysis of the evacuation times t h r o u g h  the 
bulkhead, the evacuation times fox t h e  first thirty 
volunteers to pass through the e x i t  have been compared f o r  
the range of eonf i g u r a t f o n s  t g s t e d  . 

SD 

2 .9  

5 .8  

7.1 

1.9 

3.1 

1 . 4  





configurations tested) .  Over the series of t r i a l s  704 
volunteers took part. The volunteers were aged between 20 
and 50 and 63% were male. A l l  cf the planned evacuations 
were sueeessfully completed as it d i d  not become netessary to 
halt any of the evacuations as a result of blockages, darnage 
to the equipment or concern, far the safety of volunteers. 

As in the competitive evacuations, passenger flow 'rates 
through the  e x i t s  were obtained from the video recordings 
w i t h  the evacuation time for each volunteer being taken from 
t he  call to evacuate the aircxaft rather than from the 
elapsed time from the f i rs t  individual to reach the e x i t .  

Evacuations through the Bulkhead 

~om~arisons between t h e  mean evacuation- t imes  f o r  the s i x  
configurations tested were conducted f o r  t h e  first t h i r t y  
individuals through the e x i t s .  This was in order tbat the 
analysis would be comparable with that carrf ed out for the 
competitive evacuations. 

Table 4 Mean evacuation times f o r  the thirtieth individual 
(Time in seconds) 

PGR = port ga l l ey  removed 

Bulkhead Aperture 

20" 

24" 

27" 

30" 

36" 

PGR 

A t  first. s i g h t ,  the means suggest that increasing the width 
Of the aperture through the bulkhead leads 'to a small 
reduction in the evacuation times. However, statistically 
there was no s ign i f i can t  difference between the  mean 
evacuation times for  the f i r s t  thirty to evacuate the  
aircraft (F5,ll = 3.2NS) thsaugh the six configurations, 
however t h i s  result may have been due .to t h e  fact t h a t  only 
tua evpcuations were conducted through eac5 cmf igura t ion .  

Mean 

25.1 

21.8 

23.7 

23 .4  

21.4 

+ 1 7 . 6  

SD 

2 . 0  

1 . 4  

2.7 

0 .0  

3 . 4  

0 .5  



Evaeuationk through the Overwing Type X X I  E x i t s  

Table 5 Mean evacuation times f o r  t h e  t h i r t i e t h  individual 
(Time in seconds) 

DBR = Outboard sest removed 

Vertical Me an SD 
Projection 

SD = Standard deviatian essaciated with t h e  mean 

3 " 

6" (QBR) 

13 

18" 

25" 

The means suggest stat ist ical  treitment o f  the data indicated 
a s ign i f i can t  difference between the main evacuation rates 
for  the various configurations. 
ws, ia  = 15.84pco.01). 

Individual comparisons of means indicated that the seating 
Configuration involving a 3" ver t ica l  projection gave rise t o  
significantly increased evacuation times when camgared to any 
of t h e  o the r  configurations. 

5 3 . 2  

39.6 

39.9 

3 7 . 2  

4 0 . 8  

Comparison between 
Evacuations 

1.8 

- 2 . 5  

3 . 3  

0.2 

2 . 7  

34'" I 35.3 

t h e  

, 0.6 

Competitive and 

Table .G Competi tivo and non-competitive mean evacuation 
times for t h e  t h i r t i e t h  person t o  exit over the s i x  
bulkhead conditions. 

PGR = Part ga l l ey  removed 

Competitive Trials Non-Competitive Trials 

Bulkhead Aperture Mean SD Mean SD 

SD = The standard deviation associated w i t h  t h e  mean 

20" 

24'" 

27" 

30" 

36" 

PG2 

26.3 

24 .5  

23.2 

18.4 

17.2 

1 4 . 9  

7 . 9  

5 . 8  

7.1 

1 . 9  

3.1 

1 . 4  

25 .I 

21.8 

23.7 

2 3 . 4  

21.4 

1 7 . 6  

2.0 

1 - 4  

2 . 7  

0.0 

3 . 4  

0 . 5  



The mean times show that  for the 20"  and 24" bulkhead 
apertures t h e  times for thirty people to e x i t  were a little 
faster in the non-competitive trials. For t h e  remaining 
w i d t h s ,  the times were faster in the' c$mpetftive . trials. 
Statistiezl analysis indicated that there was an overall 
difference between t h e  means for the s i x  configurations (F5,l 
= 11.87 p<0.01). The total of 12 non-competitive evaeuatipns 
as opposed to 5 6  competitive evacuations meant that no 
significant difference was found between the means fo r  the 
competitive and non-competitive evacuations. (F5,l = 0.2NS ) . 

Table 7 Competitive and non-competitive mean evacuation 
times of t h e  'thirtieth person to e x i t  wer the s i x  
ove~r'ina eanditians . 

I - - Competitive Trials Bon-Ccmvetitive Trials I 

SD = The standcr~ deviation associc~ed with the mean 

Vertical Mean SD Mean 
Projection 

As can he seen :=om the means, the times to evacuate thir=y 
passengers were slower in t h e  competitive t r i a l s  f o r  a l l  of 
the ccsf igurztions tested { F5,l = 37.99p<O. 001). 

3 " 

There was also 'an overall signif  icent di f  f erenee between the 
means f o r  the s i x  configurations (F5,1 = 9.2Bp<0.001). 

1. The experimental programme successfully met t h e  objective 
to produce a series of simulated emergency svacuatiacs in 
order  to explore the in f luence  of ( a )  increasing the 
width of the aperture in the bulkhead zt t h e  entrance to 
the galley vestibule leading to t he  Type I exits and (b) 
inerecsi~g t h e  distance between seat rows next to the 
T y _ ~ e  IIX overwing exit. 

71.4 

2 .  The results  from the programme of evecrrations involving 
ccmpetitidn between passengers suggested t h a t  increasing 
the w i d t h  cf the aperture through the bulkhead will Lead 
to an increase in the speed at  which passengers can 
evzeaate t h e  a i r c r a f t  in en emergency. The fact t h a t  the 
evacuation times far  the 20", 24" and 27" apertures were 

"7 1. B 

f i i ' (DBR) 

13 '* 

18" 

25" 

34" 

15.0 5 3 . 2  

OBR = Cutboard seat  removed 

5 3 . 2  

5 5 . 9  

5 3 . 7  

5 4 . 9  

' 62.3 

10.0 

10.3 

8 . 2  

11.5 

8.1 

39.6 

39.9 

37.2 

43 .8  

35.3 

2.5 1 i 
* i 

3 . 3  I 
0.2 1 

2 . 7  
i 
i 

0 - 6 [ 



s ign i f i cant ly  slower than those f o r  the 30" and 36" 
c0nf igura t ion ,  suggesc that cocs iderzt lon could be given 
to a minimum width a£ 30" f o r  . a  pzssaaewey through a 
bulkhead. 

3 .  The results  fron the evacuations through the Type 111 
overdinq e x i t ,  indicated that changes to tbe  distanCe5 
between the s e a t  rows either s i d e -  of the exit will 
inf luence the speed ~f the evacuation.  

4 .  The configurztion flown by UK and other  operators p r i o r  
to t h e  publication of Airworthiness Notice No. 9 9  was 
shown t o  reduce the evacuation rate znd to cause serious 
blockages. 

5 .  The configuration in which a seat  raw is completely 
removed was found to produce slower evacuation flow rates 
than those w i t h  a ver t i ca l  projection between the  seat 
rows ranging from 13" t o  2 5 " .  

6. The two alternative minimum requiremeats specified for  
the scz t i n g  coafiguratlen beside the oveming e x i t  in 
Airworthiness Notice No. 7 9 ,  were shown to have 
significantly increased the rate a t  which passengers can 
evacuate an aircraft i n  a simulated emergency. 

7 .  The C M  minimum ( i n  AN791 in which the outbuard seat was 
removed, gave rise to a rapid  evacuation flow rate. 
However not only d i d  this configuration have a tendency 
t o  give rise to blockages, but the opening and disposing 
of t h e  exit was found t b  be more difficult in this 
configuration. 

8 .  Further investigation are recommended t o  investigate t h e  
influence of (i) t h e  seating con£ ~guration on the  ease of 
operating t h e  e x i t  and (ii 1 the positioning of the hatch 
in the  cabin on t h e  evacuation rate. . 

9. The results from a comparison of the video data from tne 
competitive and ncn-competitive evecuations indicace8 
that the non-competitive evacuations provided an 
e f f e c t i v e  simulation of passenper behavioar in 
precautionery evacuations, and i n  zircrzft evacuztlcns 
when the  physlcel  conditions in the cabin have not  
deteriorated. 

10. The i n t r o d u c t i o n  of i n c e n t i v e  p a p e n t o  to volunteers, 
succe=sfu l ly  induced a sinulatlon of the behaviour 
reported to occur &mag pzsoenqers, when e o n d ~ t ~ o n s  In 
t h e  c ~ b i n  are perceived t o  be life rhrezrening. 

11. The use of i n c e n t i v e  payments to preduee a competitive 
evacuztian has been shown to have =he potenti+; ta 
provide both the behavioural ace s t e t i s t i c a l  d e t ~  
required f o r  the assessment of d e s i e ~  options or szfsty 
procedures :or use in emergency evacuztions ukich 
rnzxirnise the degree of realism.  everth he less the 
technque should be used .'sparingly slnce it cart be 
potentially hazzrdous f o r  volunteers .  

FUTURE RESZARCX 

A f u r t h e r  s t a g e  cf t h e  cranffeld Frcg rzme  has recectly 
commenced. This  ' involve",eplieatLr;c the evacua=i=ns 



conduzzeE in t h e  previous investigctfons cming the same ~ ~ 2 i n  
Conffgurstions. The main factor uhich differed in t h e s e  
evzc+~ati3ns was t h 2 ~  prior to the call to evacuate the 
sircrzft t h e  c ~ b l n  was filled with non-toxic smoke. These 
evaccacio~s were c3nductea in order to determine whether the 
configurations which give rise to rapid evacuation retes in 
c l e z r  a i r  would ~ l s o  be the preferred configurations witen 
there was srnokz f i i  the cabin and volunteers are unable to 'see 
tneir way rlezrly to t h e  e x i t s .  For rezszns of safety t h e  
number 0: volunteers in the cabin a t  Eny one time VaS 
res:sictsd to t h i r t y .  

A system of auditory at t rce t ions  t a  indicete the exits to be 
used in the e v a c ~ a t i o n s  is cu r r en t l y  beiqg developed by the  
Medic21 Resetzsh Council, Applied ~sychology Unit, Cambridge 
in canjunction with the Institute of S w n d  and Vibration 
Research at Southarn?ton University. It is hoped that an 
i n i t i a l  evaluation of the potential benefits of this system 
can be izc=rporeted i n t p  a later stage of t h e  programme. 

It is hoped thaz in 1990 a series of tests in which %he 
fce5ors Xfluen=Fng the rate at vh;cb members of t h e  pubLiC 
can oper, a ~ y p e  -111 overwing exit will be conducted. 
In a6Cit'on to tne programme of research into passenger 
evacuation behavrouf, a programme of research i n t o  the 
fac:o=s which in l iuence  passenger knawieage of the aircraft 
safety izf cma t~o r .  has been initiated. 

The paper has included an overview of  ti?^ main programmes of 
research which have been icstigared by z i e  CAA at  Cranfield. 
The Applied Psychology U n i t  have also been involved with 
other aspects of human factors Ln cab;: safety.  Tbis bas 
included both tne selectfan, hezlth ant fitness of cabin 
steff and evaluations of the human res;=nse to systems fo r  
use in aircraft fires. 

There are many ether important areas fez research in the  
f i e l d  of cabin szfety since t he r e  remein many unanswered 
ques:ions. T h e ~ e  iaclade factors such r s  the inf1uance:af 
the bensviour of the cabin stzff or =he influence of the  
seating locaticn of certain types of passenger on evacuation 
rates.  However, there is now no doub: =hat the  initative 
which has been take3 by the UK CAA by icscigating Cranf ield 
in t h e  f i e l d  cf eaiin safety, w i l l  be clesehy folloued by the  
aviation indusrzy in a13 parts of the wozl2, . 

1. Botlng "world Travel Demcxd and 
Commercial A i q l z n e  Sugply Reqzirements" 
Airplanes Seattle, 1989. 

Airworthiness Notice No. 7 9  
"Access to and Opezing of Type I11 
& Type IV Emergency E x i t s "  
Publnshed by t he  C ~ v i l  A v i ~ t i o n  
Authority, 1986. 

3 .  Muir, E . C . ,  A i r c rc f t  Evacuaticls: The Effect of 
M2rrison, C Pcssengers Motivation & Cabin 
& Evans, A .  CcnSigura t ian  Adjzcent to t h e  Exit 

C i v i l  Aviation A ~ = k ~ T i t y  , Pzper 89019 



30 YEARS OF JET LOSSES - 
CONGLUSIONS REGARDING HUMAH 
FACTORS RESEARCH 

Capr. Heino Caesar, 
General Manager, Flight Operations Inspection 

and Safety Pilot 
Lufthansa German Airlines 

Looking back at 30 years of regular air transport in big jets above 20 tons which started in 

19% witk W-8 and 8-707, we have been accumulating statistical data of su%cient 
numbers which enable us to gain knowledge to improve Right operation. 392 western buiH 
jet aircrafi have been lost in normal operation (disregarding war, S b o k ~ e ,  test and trajn- 
Ing) from 1959 to 1988 either by complete destruction or damage beyond economical 
repair. mey asre representing a ghost fleet which belongs to the insurers, but left a tragic 
tram thet a&cted men, wmpanie~ a& states, claiming Phe lives d 151 98 passengers and 
I471 crew.. 

It is our duty to use these empiric experienms of the past to build up a prophytactic 
scheme of avoidance strategies to be used by manufacturers, operators, aircrews and 
supervisory authorities. R is a sad experience that so very often we fail to foresee a potential ' 

hazard in the industry and that we then are forced to react after the mishap accurred and 
peopk and companies paid a terribly high price for this knowfedge. On the other hand, 
eannornical pressure seems to be forcing companies and states to reduce spending 
money in prophylactical tactics and to invest only in the absolute minim~~m they are 
reciuired to by regulatory bodies. This is a short-sighted policy but nevertheless you have to 
expect reactions like that in the struggle for survival under deregulated or liberalized condi- 
tions or otherwise increased economical shortages.. 

The overall situation is characterized by a booming air transport industry propufsed by the 
endeavour to conquer rolstes and dots and gatepositions, to show the Rag on prosperous 
markets, to win market shares. The enwmous haease in traffic due to dewezsing regule- 
tjon led to a high demand of aircraft which are not immediately available and therefore older 
!ypes Rave'to serve longer; fierce competition resulted in financial pressure and an 
increased demand of aircrews whichannot be trained fast enough to man the expanding 
fleets. Due to double digit growth rates mmpanies recruit hastily whatever is available on 
the make:; the air traffic mrrtrol system, which has not been prepared equipment - snd 
staffwise to cope with this situation has often reached its limits or even sometimes 
collapsed. 



We are therefore facing a situation in which we are sharing the overcrowded and insuffi- 
ciently supervised and controlled airspace with more and more c a m p i e s  with increasing- 
ly old aircraft, manned by sometimes inexperienced, hastily recruited and minimally trained 
crews, cabsing more stress, fatigue and motivation problems for all in the system. The 
dramatically changing working environment ahead of us and provided with the knowledge 
gained by the experiences of the pas&, what can we do to keep the overstressed system 
working safely or even improve the present standard? 

SAFETY AND HUMAN FACTOR 

When saying this, it flashes through my mind that this word 'safety' is often misunderstood 
and abused. Uttimate safety is unachievable and means death, the absolute absence of 
risk. I understand safety to be the acceptable amount of controllable risk. Whenever the 
engines 'arb started and taxying is commenced, a certain risk is involved and accepted. 

Civil aviation safety must be the major objective of ICAO. Following the 1986-Resolution A 
26-9 the Air Navigation Commission stated the necessity to make "States more awarb and 
responsive to the importance of human factors in civil aviation operationsm. In this context 
'Human Factors' was defined as the systematic application of the principles of human 
sciences and engineering to optimise the relationship,between people and their activities, in 
their working and living environments. 

But before we are able to optimise, we have to investigate and understand what happened 
prior to and during an accident - and there we are looking back to a Iage scale deficiency 
in the past. There is nearly not a single accident report available in which the human factors 
multi disciplinary field sf physiology, medicine, psychology, sociology, anthropo&etry and 
engineering was properly covered when the causal factor was defined to be the cockpit 
crew. Human behaviour and performance, resource management, decision making and 
other cognitive processes seldom underwent indepth investigation. Design of controls and 
displays, flight deck and cabin layout, communication and software aspects of maps, 
charts, documentation and notification as well as the refinement of staff selection and train- 
ing were rarely touched. 

The statistics of the past 30 years of western-built jet losses of big commercial jets over 
20.000 kg offer us definite clues where the weak spots are and what to do about it. And: we 
could have done it earlier and most probably could have avoided a number of accidents 
which rangedfrom disaster to catastrophy. 



881 STATISTICAL BACKGROUND 

World-wide we lost an average of I3 big jets over 2CI.W kg per year over h e  la% 3 ~88YS.  

Since 'he produdivity shown in million hours flown increased %Beadily md a3 a %igh margin 

during the last 5 years, 

the hours flown per total loss increased too. 

M i l e  the average over the last 30 years was 785.W hours p r  totid bss, this average for 

the last 5 years alone rose to an unexpected 1,528 million hours, but will drop considerably 

for the 5 year-period including 1989 due Po a very bad record in the last yea-. 

With more and mere aircraft produced and in service, a rising tendency of losses in 
atasolu-te figures has to be expected, however the Vend of flight hours produced is Pising 
more steeply than the vend of total losses, thereby indicating that flying big jets statistially 
became safer. 

Also regarding sectors flown per total loss we observe a positive vend towards better 
safety. M i l e  we lost nearly 2 aircraft per 1 million sedors (or depadasres) over the 3 3  year 
period, we narrowed this figure down to 1 aircraft only during the 1st 5 years. However % 

be seen, that this trend has been reversed, leading to 23 lost jets 1938, the third worst 
figure in XI years, and again Zl in 1989. 

But positive results are also experienced by the individual line pilot. Long periods without 
incidents lead to over-mnfidence, complacency, low risk awareness and sloppiness. 

Even without statistical data it can be assumed, h a t  we are loosing the rnajorii of our 
airplanes on our near the ground, simply because here's h e r e  the obstacles are. Over 
the 30 years the most endangered flight phase world-widewas Approach w'h  32,1 % of all 
lost jets, followed by banding with 24,7 % m d  Take-off w%h 23,7 %. During the 1st decade 

from 1979 to '€93 this trend changed and made Landing with 32,9 % the dominant phase, 
followed by Approach with 24,8 %. 

The risk during Approach obviously can be better mntrolled now: The procedures were 

refined, more runways equipped with highly calibrated precision approach aids that allowed 
more automatic landings; call out procedasres for attiides Rightened the awareness of 6Pie 

crews ,windshear and microburst were better understood andstrained for, charts got more 
precise, and GPWS was implemented. But landing losses inaezsed by nearly the same 

percenbge and in absolute figures as the approach losses were reduced. 1987 was a 
typical year: The majorrty of all cases of Total bosses and Substantial Damages happened 
in the landing phase. 

Appxently, the high risk in approach was noticed and led to sol&ions, which reduced that 

risk, while in landing (defined as crossing runway atra~~eshold untii reaching taxi speed) this 

risk was underestimated. It is not d%icutt to let the autopilot fly down a ategory 1- or Il-lbS 
or let him land, even in worst weather. This might have changed our attitude and we mis- 

judge and underestimate the dangers md difficulties of keeping the ajruafi afterwards On 



hal mnway under adverse mnditisns like mntamhatgd surfaces or crosswind, when 
deceleration aeions were delayed, brakes were q@ed %so tale w reverse was reduced 10 
sdy .  We hzvs seen pilots'delay Uleir braking acPions just to land We nese'gear smoohly 
on a mnway covered by ice and only 2W3 Meten long. 

I 

~ k a r l y  dl landing em*dsnfs in our les  muld hawe bssw avoided, ewer by better mental 
prepara?jcn and more appropriate sdorls, or by a ckrslon. Fabe pride, ~lf-esteepw~ over- 
mMdenw, ma&e&haviour or just txrelessnes led to the wrong decision to imd h any 
case, whereby pilots put themelves and the &waft in a psilion which b unmmollabls or 
where me condigions require actions beyond h e  pilots wabiiities 0s the p r f m m c s  limb 
d the aircraft. 

B I  his happens, an addent with severe cansequences must be expected. Two basic 
mistakes lead to a wnabalative Randcap: The wong dscisicm fo brw the Banding despi$e 
mast uaaplPvw~~ble emdiiiws, jcad to keep h d - ~ c l u k ,  b avoid ~dditkmd CJX.& f~ 

~0rking Rows, because fuel is running O L J ~  due to wrongly calcerl$ted mniiwgencEeS, Or 
sernetimes by company pressure or a waiting girl, and h e  wsuk is the rjuirsmsnt to u7ike 
extremest skills in trying to make a e  landing. me same applies to takmfh: Mos8 sf them 
are regarded as rouiins. A take-off briefing with em@ description of what the pilot wing 
intends to do in the specific case should an abad be necessary or the We-off mntinued 
with one engine out is often missing. A m d i n g  t~ a paper published by Mr. Bmgpirlk in the 
FSF - Right Safety Digest, take-off accidents in $Is USA were the greztsst loss produmr 
during the past 5 years following a gradual increase in ~ & f f  addem over the lest 18 
years, daiming 69 % sf dl occupant deaths during that perid. He -two that too many d 
&ese mishaps were triggered by uncrk!d acceptance d o p e ~ t i o d ,  proedtrral md 
technical cornpmmises, sxaaty what I said before regarding Iwdinss. 

Bui how do we s~pewise and enforce adequate crew behatiour, as mud factors seem to 
indude also lack h pilot motbation, excessive mnfidence and cramphwnc-p 

W THE ROLE OF MAN 

Worldwide cpwalors organized in the Idernatienal Air T m p u r l  &cxiation (1ATA) Rave 
formed working-commitlees and agreed on eeriain standards and definitions. FolJowing 
Wese Bhe IAfA Safety Advisoy Camasnittee agreed to use the Bern "harman TadoP only in 
case of s cockpk mew failure, to mnmnwate on his major area d m m m ,  sine if is the 
ophion ol  h e  majority of safetl, experts hat e breahhrough towat-ds better safety can best 
be achieved by improving the performance of mckpig crews. 

Bn a v e ~  generalized way R can be said ahat the causal factors for ~ Q W  W s s  over 3 yews 
were 



Man: 76 %, cockpit crew (human -or) 

haschine: 11 '36, technical reasons (tnduding' human factor in design, manufac- 
turing and maintenance) 

Medium: 13%, environmental conditions (airports, air trafic mntml, weather, 
terrain, navaids, informatbn, support, cabin mew). 

Lccked upcn on a yearty bz is  these percentages dir, bvt the more severe an accident 
is, the more predominant is the human fanor, i.e. the falure of the &pfi crew. This can 
be dszrly detected by comparing total bsses, heavy damages and signiRwt events and 
classwng all groups by !he above mentioned mtegon'es. 

It is evident that an effective breakthrough towards imprwed safety in air transpwt could 
beit be achieved by concentrating the investigation on a fithe cockpa aew failed to iden- 
tify deficiencies and to counteract by various means. 

Reading the accident reports of major air disasters, you will repeatedly find phrases like: 
pilots failed to follow procedures, pi~dts misjudged the situ&on, crew had communication 
problems, was distracted, mads handling mistakes. Trying to find out, why this so hap- 
pened, you are left withotri further information, having to assume and spewlate on dierent 
hypotheses. 

Traditionally most investigators were and are aeronautical engineers, who were mostly 
needed in former days, when engineering plzyed an even greater part than operations bs- 
cause the machinery failed, leaving the aviator with no options. Today we have aircraft wiah 
a reliability unthought of in previous days, and in all sorts of transpodation. The probabili 
that the mechanical systems will fail is extremely lower than a pilot error, and even if some 
systems break down, aren't the cockpit crews the last line of defence and basically 
employed to fight just these handicaps? 

And yet, the last bolt with the slightest scrstch is undergoing elaborate and moss scphisti- 
mted scientific investigation, and rightfully so, but the crew remrd ends with a statement 
about a valid licence and a rest time acco<ding to contract. What do we krasw about the 
personal profile sf all members of that crew who faled? What was bckground, what 

the family situatian, the financial status, the standing in the wmpany, the heahh, the rnentd 
state, the support and training received, the possible fatigue, me professional irwolvement 
and engagement? Was the individual a daredevil or over-cautious, was Re enjoying bad 
weathe? to Fight his personal battle with the elements, was he overaxifdent and macho sr 
did he just.trj to reach he retirement age timidly avoiding d p s l s  risks? V4-m did a 
psychologist as part of the investigation-team tried to find these m w e E  in personal 
conversation with crews involved, with relatives, friends, fellows, company staff? 



Our needs to know all this - not meant to violate a persons privacy, but to improve our 
knowledge  about possible avoiding strategies - ranks by far higher than the 
understandable desire to cover up personal deficiencies. It could very well be inappropriate 
to unveil. aft this information h a pubtidy avalable report, considering ertain cuhtd 

-codices or even legal/liability consequences, but a medoning of certain background 
investigation in a very generalized way would already help us to point out in which direction 
to proceed further. 

It is the opinion of the majority of safety experts that a better safety record can best be 
achieved by concentration on the human elements in seledtion, training and supervision of 
codpa crews, Newly liberalized practices in employment ot pilots of no aptitude for com- 
mercial operations, of pilots with very low experience in general or on type or pilots with in- 
approprizte experience, require. managements to exhibit even greater responsibility to 
ensure crews are adequately trained to both, attain and marmarrrtain appropriate basic aiman- 
ship skills like they were demonstrated by the entire crew of !he DGIO in Sioux City lately. 
Aside of our existing theoretical knowledge we have to widen our h o b n  in defining the 
profiles for selection, the goals of adequate training and the key puirrts of line supervision, 
based on systematic research with the help d appropriate a d d e d  imstigatioh in the 
human field. 

V HUMAN FAILURE CATEGORIES: 

Statistically based we know empirically, of which categories Human Failure consists: 

HI,  Active Failures (Aware): 25 % 
Non adherence to written rules and procedures, negligence of policies and train- 
ing standards, gross lack of vigilance or adequate flight management, shod 
cuts, private procedures: tack of Discipline 

H2, Passive Failures (Unaware): 20 % 

Crew misunderstanding and wmmunidon problems, coordination break- 
down, distraction, forgetfulness, fatigue, low arousal level (boredom), lack of 
assistance. 

H3, Proficiency/Judgment Failures: 50 % 
Sloppy preparation of decision making process, situation rnisjudgament, wrong 
alternative, inappropriate handling of aircrai? and its systems, lack of experience, 
training, competence. 

H4, Crew incapacitation: 5 % 

Flight crew member unable to perfom her/his duties due to physi- 
cal/psychological inability. Subtle or obvious incapacitation which requires take- 
over. 
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where order and obediena are p a  d normal He. Coordination breakdown is 
less likely where precise crew czordimtion procedures exist which provide 
equal workload, clear distribution of tasks, strictly fclrowed standardud phrase- 

- olpgy inside the cockpit and wrth other agencies, systemsfic work distribution in 

static or dynsmic situatibns, dear understanding of a well prescribed and 
defined cockpit resource management. All this can be taught and trained to pro- 
ficiency. In the eyes even of professional pilots an easy wit atmosphere P a 
sign of a good crew. Qf course everybody works better in a friendly and open 
atmosphere, but only a very thin tine is separating a relaxed from a lax cackpa, in 
which lack of problem awareness, fatigue and dis-on can lead ta critical fd- 
lures. Professionatism was defined as knowing ?he dierenca between the twa. 

A business-like exchange of information rrithwt prqdyment-of-intent wouid 
help to mmmunicate in a professional atmosphere. Strange enough, this vital 

,tool to imprave a safe opwation is not trained thorwghb if trained at a!!, md a 
good preparation of the future copilot concerning the psychology involved in his 
position as secand in wmmand is widely missing. 

Mzn is faulty, and that is accepted. The error rate an be reduced by informa- 
tion, training, working mnwpts and check lists, but will never be eliminated. So 
anothe'c man is placed in the e p i t  as a redundancy system. This 2-pilot con- 
cept will be valid for at least the next 30 years. But this redundancy system too 
often does not function due to the follow-my-leader-syndrome or psycho-social 
barriers. We have to select, educate and train especially coplots to step out of a 
scenario and question what is being done in the cockpit despite generation gap, 
company hierarchy, group loyalty or whatever the reason may be, and we have 
to eduate captains to encourage just that & M e  in their o m  interest. l%s an- 
nouncament of the PNF, that a limit is going tb be viafated should be accepted 
with gratitude and a Ithank you' instead of an angry reaction about the own 
mistake: We have to break 'group loyalty ' and encourage 'rule loyaw. 

Jnrisdicfion and licensina authorities have to d&ne aocordinak which know- 
lt?d~e and trainino has to be offered bv ftvincl schools. owerators and training 
deoadm4_nts. This knowledge has to be constructed in a way which enables the 

crew member to ~ E ! S C ~  zt whic3 ~:i!chejS!v to ulide into the wessive-feilure 
(Fatigue, Distraction) depending on his ind'hidual physiological, psychole 

giml and mental stste. This knowledge has to observe the enormous individual 
differences in observation, conantration-, rnuh stress-, communication-, 
boredom- and distraction-problems. 

A h riti s h ve to in t 2 5  man 
f f  in the cockpit-work, by careful evaluation af the 
amount of necessary automation and the corresponding orgvlization of the type 



of specific cockpit-tasks and workload. These criteria usually dier  between 
aircraft-types. Authorities have to issue reuulations. to examine the abilitv of a 
iut !Q re 'I t 

H3: Proficiency and Judgement Failures af RQht crews are the absolutely predomi- 
nant human factors. A good professional pilot a m p &  the fact that he is just an 
ordinary man and will make mis'des. Knowing this he will be madest, open 
minded, able to accept criticism and polite to his redundanc;r-system, the fellow 
crew member. But behg human also means thaf under daily routine, frustrated 
by lack of success or appreciation, demotivated by a slow or unrewarding 
mreer, suffering from profession-related family problems, the strive for optlrnaI 
performanca may fade away ta a degree, where duties are performed with non 
chalance and without intellectual effort. 

This will normally result in -s, by an oversight or 
pealect_ 1, f il le a Wm4ng a s ~ u d a ~  . . men! of the 

usually an underestimation of possible probkrns and consequently a 
wrona operational decision. There are certain ways to fight these deficiencies: 

A standard pre-take-off and pre-landing briefing by the pilot flying the sector, 
addressed to the whole cockpit-crew, describing the normall procedures to be 
followed and actions envisaged in case of any system failure. A take-off briefing 

should Indude whether the pilot is s t w  pminded considering the cir- 
stances, it should prescribe the flight path to be followed in case of an engine 
failure after V1, were there are normally 3 options like cirde and land, follow S ~ D  
or engine failure route; dumping required or not and so on. tanding briefings 
should indude final altitude, minimum, runway conditions like length a d  stope, 
go-around procedures and other relevant data. + . 

m'ng re* after g o a r m d  should nd be made mmdm'y by the manage- 
ment h order not to increase the dacisicn-threshcld for thzt action. Most 
landing-accidents co Jd have been avoided by an even late g&around. 

Line Oriented night Training &DEI) should systematically mII for carefully 
considered non-routine operational decisions, testing the whde crew in their 
participation of that process. A program like that reveals more deficiencies, is 
more rewarding fur the crew and by far jess boring as the ever-the-same h e -  
check routine in the simulators. 

Hand-on-missions like that should be planned as obligatory refreshers and 
should always be Rown by a standard crew wmpliment like captain, mpilat and 
if zpplicabie flight engineer, to check Uleir interactions realisticrlly. These 



misslons should be recorded fat crew debriefing by vide~takes which hen 
should be erased. Confrontation with objective proof is normally accepted, while 
verbal criticism is rejected as subjec!!, 

Authorities are reauesteb to enforce bv reaulations. that the faHowina abilities 
ghoutd be checked for in the seleaion ~ r o c e s e q  
means: 

1. Wllingness to evaluate and pdge competing &&es for operational 
decisions. 

2. Decision-abilitiy under pressure and u n d n  criteria (probabilii). 

3. Structure d decisidn-making: Optimizing the p m s s  over a variety of 
variables. 

4. Ability to organize the complete process of ~nfo~a t jon  gathering, in 
selection and judgement of information needed to reach a sound decision. 

5. Abi l i  td judge a situation. 

6. Abilii for problem-solving. 

All this is generally neither called nor checked nor Wned for despae the fact that 
deficiencies in Wese fields have =used the majority of all accidents. 

Since roughly two lhirds of the world commercial jet fleet consists of short/medi~rn haul 
aircraft and even the fiigiqr time of a anventional 8 747 avsrqss not quite 4 hours, the 
average night time for one seeor is I ,4 Houo, 1 Hour 24 M i s .  Mi this into the 
flight phases, we end up with "1 of flight time for takeoff and landing and nearly 5Q % of 
all total losses in that fraction of our flight time. Including the 10 % af time fot approach, we 
see that % of our Ihe~retjca1 risks arises in miy 12 % of fight time. n i s  emphasises the 
pece e q  I t r full re r he in order 
not to be caught by surprise in fractions of a second. WFth these data we should be able to 
cwwince a professional pita that jharu~ah are~aration for these shbrt phases and Riahest 
9 in only a very short period of his flight duly time would 
largely control 80 % of his risk exposure. 

It shows the necessity of management to review constantly the take& and landing pro=- 
dures and to check whether they are still appropriate. Sterile &pa ccncepts for at least 
these phases and their preparation time are advisable, Were all distractions or disturb- 
ances should be avoided by adequate procedures. 

The size of the aimlane and the relevant route sbuctura played a role in the past 30 years, 
shown by the comparison of short- and long-haul fleets, their productivity and their losses. 



The world jet fleet consists today sf two third short- and medium range types and one third 
Bong range aircraft. 

GI'ouping the different types into Short Rmge (up to 1 hour), Medium Wage (up to two 
hours) and Long Range (> 2 HRS),  Narrow Body and Wide Body, and counting their 

sedors Wown and losses suffered, we see thzt the worst r m r d  is held by the long range 
narrow body-fleet, followed by long range wide bodies. Typical long rmge aircraft (without 
considering EWOPS-Types like A 303 or B $69) gaedomd 2,4 times worse than 

short/medium ones. The reasons are mmplex, m a n g  them u~wour& le  arousal level, 
unfamiliar routes ar weather phenomena, jet-lag, fatigue, Kl d9 night fiigh'k5, lack of sleep, 

language problems, fuel-problems, climate stresses, bod p~oblems,' long absence Rom 

Rome and so on, but also handling dficulties d large heavy muki engine jets expecially 
when aborting high speed We-offs or performing ~~ landings, aggravated by lack sf 
manual practice caused by the rsute-structure. 

In a study in which we compared negafive/positive deviation sf sectors flown against 
operational total losses of a all aircraft types, we found only 3 long range aircz..aft among the 
13 most successful types, with 3 short range aircraft leading the list. 
ePn the lower side, where the comparison of sectors Wsww against losses tends %Q the high- 
less-side, we find 8 long range aircraft among 11 types. 

Especially the crews of modern long range types like the B 7 4 7 4 0  are threatened by a 
severe loss of basic flying skills due to ep~enely lcng routes, a high degree of automation 
and consequently seldom executed manual practices. 

Regarding Service Entry Period IV aircraft (CRT- or glasscockpit) and heir new develop- 
ments in ~utomation we are confronted with the basic problem, that though the automatic 
system is a better monitor than the human, usually it works the other way around: man has 
to monitor, sometimes over long periods of time. 

Todays automation and glass (CRT-) cockpit layouts have several advantages: 

- Though surprising failures are possible, the systems can be regarded as basically 
reliable. 

- The crew is relieved of much of the routine work, fatigue is possibly reduced and 

capacity is available to manage, plan strategically and think of alternatives. 

- The same applies to flying in terminal ares in the present ATGenvironment with pre- 

programmed and engaged autoflight. 

- Autoland increases the success rate in landing under marginal conditions. 



Circula~ICirculai~eI~~p~yz~p 229-MI37 A-515 - - -- - .  - 

Disadvantages are: 

- Absg~mation in the most advanced aircraft like A 322 has reached a degree that 

threatens 88 push the pilot to the periphgry of the interadion cycle or even let him drop 
- out of h e  loop. The A 320 has to be regarded as the pre9iminar-y limit of algtomition. 

- Further redudion sf workload in low workload phases leads to more boredom, a very 
Isw arousal level, possible break down of discipline Pike reading rnaga'nes, and 

subsequent monitoring failures. 

- Programming of Flight Management- and Autoflight-Systems ieads to Head-Dovwn- 
Position sf pilots also in descent and approach phases were head up and Iook-0~69 is 
urgently required. Autoflight anqrnalies in approach increase the wsklssd drastically. 

- PilotS.tend to fumble around to "repare" the program if momdies Oczur instead of 
disengaging the automatic system and flying basically. 

- Manual skills are reduced if pilots do not deliberately hand-fly regularly, e'iier 
vcluntarily er forced by company promdures. 

- Especially in cruise flight, situation awaeness is reduced or lost, tlx question "where 
are we really" is difficult to answer, preferably on INS-steered convsAonal types. 

Authorfties are receuezted to sutservise. that comsanv solicies and training phifssoohie~ 
~hould  be defined accordinqlv., considerina theses disadvantages and Pwing to avoid 
them. 

Authorities are reauested to develoa reeulations to be f~llowed bv Beerators. which 
ensure the continuitv of basic manual flvincl skills. like simulator-sessions with limited 
panel inforrn3ticsn or emercencv instrumentation snb and/or rules to reesularlv hand-fly 

tzke-ok's and landings on widelv autcmated g~ 
with rare osssibilities to exercise. 

H4: Crew incapacitation will occur occasionally. Med id  advice should help the 

sews to stay healthy and f3. B t a ion f in 

practices can be trained. Bnapacbtion gales, consisting of mwouncement by 

PNF and answered by PF should be implemented like a ~ m ' n  speed in take-off 

roll and an altitude passed during approach. The Wmmmuniatisw-mle is 

applied: if the pilot flying does not answer, the CAI out will be repeated once, and 

with no reaclion at B e  seconh 41 o u t , h k ~ v e r  O C C U R W ~  h e  phrase 'I have 
ecn"lrslM by b e  assisting pilot. Simulator missions offer g o d  opportunities lo 

Vain this even surprisingly after the PF h a s  been briefed by $Re ins~G%sr. 



The size of an airline also seems to be of a certain significance. Sincs it is d'icuit to judge 
the growth of an airline over the years we ccmpared the size of 1988 with the number of 

losses this airline accumulated over the years and did this for the 30 years period as well as 
for the last 3 years. The results are almost identical. Comparing the produc2~\1jvrty and the 

number of losses, the smaller companies have a relative high number ~f accidents, out of 

proportion to the exposure. The smaller the ampany, the higher the relative participation in 
accident numbers. Only beycnd a fleet size of 50 aircraft this trend reverses. 

It is alarming, that companies with only 2 % of aircraft (combined fleet size of all companies 
involved) produced nearly 40 % of the accidents of these companies. The same can be 
said of small freighter wmpanies. 

Included in the 20 operational losses of 1988 were 4 Boeing 707's, all operated by African 
companies, three as freighters. The two lost DC4's were also operated by small freighter 
companies. A former study of the relatively bad Solsth American record shdwed the same 
trend: while the big national airlines had a record comparable to equally sized companies in 

other parts cf the world, the losses were mainly produwd by small or mini-companies. 
whose resources did not allow them to pay high wages for best qualified and experienced 
pilots, who did not seek the support available from the manufacturer, who operated in less 
well regulated parts of the world and in higher risk environment, and to make things worse, 
often bought cheap old aircraft which were costly to maintain and therefore did not get the 
maintenance they principally needed. We learnt that the proneness to accidents sf those 
companies is high. 

Potential contributing factors could include the financial pressures due to increasing 
competition, take-over practices and the adverse economic position not only of companies 

but States. Regarding the year IS88 and its a losses it could be assumed that this applied 
to 14 of the companies or states involved. It can onlv be re~eated to lCAO and the 
governments re~resented there that we uraentlv need national or su~rsnational aviaticn 

su~ervision aaencies. which are sufficientlv staffed. budoeted, eauiaoed and ex~erienced 
to su~ervise the existina, but maink the hiah number of newlv founded comoanies with 

often limited resources. These are beainnina to show in sianficant numbers under dereau- 
lation or liberalization. Due to lack 'sf infrastructure on the around and in the air a.Ri~hly 

effective suoervision bv exoerienced authorities is more nectssaw than ever. 

VII ACCIDENT INVESTIGATION 

Since we started to analyze and categorize past accidents systematically with the he!p of 

computers; we know and are able to proof the definition of main areas of concern. But 
nevertheless it is mandatory, that future incidents and accidents must be bv far more care- 
fullv analyzed as to the human performance factors, to produce tools to develop failure 



avoidance strategies, and to show how the dutjes were performed within a social, organiza- 
tional and cultural context. Thereby the all too mmmon search for someone to blame 
would hopefully end, since it would show that we all have to share that'blame and indicating 
that a Solutipn has to be found to void a repetition. 

Insofar the National Plan to Enhancs Aviation Safety Through Human ~ a d o d  lmprp 
vernert?, published by ATA in April 1989, is a step into the right diredion, sima it requests 
among other ames a selection of relevant oilot error ategnriep, the development of a 
human factors investimnrs checkkt and a ~tructur&mstionnaire, the implementation of 
a human error data has& to finally change design and procedures to reduce human error. 

But our state representatives and authorities are also requested to phage cedain w l e ~  bid 
down in JCAO Annex 13- 
It is absolutely mandatory, that the state's investigators in charge are requested to use to 
fullest pqsible extent h a  expertise and knowledge of the operator and its sfaff in imbiga- 
bng incidents and accidents. Especially large companies can offer assistance to an extent 
which is mely avaikble by other sources. lt b hardly possible to inwagate a human baor 
case in depth without the detailed knowledge of an operator. The present rule gill allows 
the investigator in charge to exdude !he operator on nm-jufied, baley subjective 
grounds, since the riah_ts of the operators to participate are still non-existent. 
States tike Australia have drawn the consequences and granted officially the partjcipation of 
the operator mncerned In any investigation under their iurkdiction. This should be made 
aeneral nrle-mzkina within ICAO, 

Our fraininq is dominated by behaviour and technical failures, but that is-not our 
major problem. Personal-and intracockpa behaviour is our main concern, but training 
programs are either nun-existent or lamentably underdimensioned, wen in major airlines. If 
We wait for an ab-initic-'student to grow up to an excellent pilot whose knowledge goes 
beyond the usual skills into the human factors field and who reacts accordingly, we wit tm 
long arid expose our companies to unnecessary dsk. We a n  and have to train our people, 
or the usual blame will generally shifb to airline management and $ate authoritieg. 

'bke latter should be more open minded to allow wmpanies with experienced and effective 
training departments so structure their training more effectively and to drop still required 
programpoints which can be regarded as wmpletely outdated. 
Insofar p more flexible attitude of the authorities towards mmpanies of different back- 
ground md resources is required. 



We win have ta improve ow knowledge hrrther, but we do knw enough already abut 

human failures and the negative influences of ow working environment, that we all carry the 
m o d  responsibli to do whatever possible to improve We situation: the manufaFturer by 
better design in human engineering, the piation administration bv im~rovjng rule making 
~ n d  wm~anv-wrvision, the company management in sufficient spending in seleaion, 
Waining and supervEsion of flight crews, reviewed prmdures, sufficient support and an 
effec'he safety progrzrn which reports so the highest levd, and I= but not !east the airman 
to imprwe hi performance by personal mess, mental preparedness, by a high levet of 
theoretical knowledge and a good common sense, by vigil-, discipline and the willing- 
ness to listen to others who have bright ideas too. 

Our are nut enforced, supemision Is tiiwk in this profession. Our aviation adrnin- 
&IStr #a ti n d ff exncn'ence, thev are welv indegendent and oftm 
under ootrtical instead of arofessianal manaaement. Our adjustment to new developments 
is tm slow. 

,We have two choices: - Accept the present loss rate, deny moral responsibility beyond the present standard, 
calculate the costs with the insurers, imwtigale only if a defined rate is surpassed, then 
decide, if something has to be done, or 

- regard loss as being tco high. Bvt this means that we have to improve our system 
at increasing costs, since labour costs will increase steadily and the environment 
requires enormous investments in the infrzstmdure. In pilat seWm and training we 
should not trj to create a new man, but to select carefuily to agreed standards in 
intellect, flexibility, cooperation, communimtion, W a t i o n  resistance, independenca 
and sen-confidence. In our training we have to encourage Me~endcnt tfiinking, deci- 
sion and action to improve human redundancy and fight collecsive mistakes by 
recognizing and accepting, that man is faulty and to err is human. 

We do know, that the safety standard can Lest, if not oniy,'be raised by improving know- 
ledge, motivation and performance of cockpit uews. We know what the deficiencies are 
and how to fight them, and stiB we seem to achieve very Me, H any progress. We repea- 
tedly, like a tibethan prayer mil, pointed out, what's wrong, but resub ts barley visible. 
Our drive must be harder, our warnings must be heard, our proposals must be follmed, or 
we dl expose ourselves to the accusation of being w1 meeting regularly, exchanging 
the same ideas, buf getting nowhere. We are facing d'rffiwlt times with safety standards 
likely to suffer from erosion under econorniwl pressure, so safety, the mmerstone of 



public trust in our system, will cost relatively more money, for operators and supervisory 
agencies. 

Aircraft-~ccid&-tts will also happen in the future. 
Thiir probabiliq, has to be reduced. 

I 

Experience exists, how to manage that. 
Man, though indispensable, is the main causal factor. 
The main area of concern is identified. 
It is the Duty of the State Aviation Administration, to control the risk by National Law and 
Initiatives published in Standards and Recommended Practices. 
Authorities Rave the Responsibility to define, implement, supervise and enforce necessary 
rules - 
or publicly declare their inability due to lack of resources (I~gistic, staff, experience, budget, 
competence) to provoke and initiate the necessary &anges on the national and 
international field. 
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HH B esoen AoxmWe x o ~ e m  6u noltasaT6, uaK peareect*, yrrymtamHe 

ynobcreo pa6oma o~nnaxa, yneubmme neponrnoctb oaudorr, nosmamue ro-pr 

pa6arcut uecr, supade~msmrcb na ocHoee npeemraetnrocrn w o m a  arecnrryaraqms H 

B PO xe apena, ua 6a3e p a a n m u  anarrponmarr ft &poeoic Temmm, cranoaruntcb 

HOBWU, RaA no co~epmnm,  Tax n no h u e .  

Sfbl, KOHCTpYR'POpM EmOJIeTOB, C03A8Tb 8RRlINlawy H ~ ~ ~ X O A W  

~ ~ O I H I  @a yenemnoro pemenu* swaq, orrpeAanlreMslK rroneron, c ynerosr ero 

061a~~wocieii A OTaeTcT~eHHocTu 3a c o 6 m ~ e u ~ e  uncrpyaquti w nac~aenenuR no 

BbmoJmemw nonera . 
n p m e  ecero o pa60~en necre nltnnana - ~a6mae. 
E m  nsr 06patmcn R ncropm, TO y n m ,  *TO aouc?pyqun 1~86mlsr HI 

nepew canone~ax 6 m  osem npoc~o%. O m  rmnm B YCJIOBWRX xopomek n o r o m  

YcneEHe crrpamnmcr! c noneron, noneru 8 I I I I O ~ ~  norom no~pe6ormu npH6opo8, 

yaa3arsqm rrgocrpanct~emoe n o m a H e .  Ha emoaerax, ne~amq~x  H a  ~rapopp-ax 

6onbmoEi ~ O T ~ H H O C T W ,  IBmrlm B B A U R m  BT~MBHa-HBBHraTOp& R O T O ~ &  MOP 

mcnonasosa.rs cpwcma aerponsenraqrw. 

B e a d ~ ~ e  c a m e r a  AHT-25, cosepmasmero e KO-e 30-x rogon 

rpsecroirrunem~bw Becnoea~o~ff6te neperrem B donbmeii caoeli ~ ~ C T K   apt 

6 e s o p a e ~ r ~ p ~ o R  UeCTH0CTk.m. c ~ q e n o  r p w  =ienoBexa : ~onawnp , in~yp~ran-na~ura~op w 

BTOPOC~ murot. 

npn~en, nepehdi eanane~ S~anoaa 6 b ~ ~  0 6 0 p y ~ n a u  O ~ I M  rrocran 

yrrpannenarr H neTwwi norm nopresfltb myr myra,  'nooqepefi canneb. na STO 

necro. bke ~ T O ~ O $  canoner rpnnoaa 6sur Aopaloran no ommy nonems a hen p a  

nocta ynpasslsma. 

Paogmue p ~ ~ o c ~ s l 1 3 m  H ee ~tcnonasoeama ne Tonbrto ~ y u r  nepwaqr 

a+pnaqwn na* s e m ,  an a naeHsayuw H ympaenenrs e o s m a n  A~wreumeM, 

npm6ascono eqe omoro weua aamnanta - paAmcTa. 

B n o u r e t l o e m  row pa3sw~ne H C O B ~ ~ ~ ~ R C T B O B ~ H H ~  canonemoro 

odapy~osanmrr, oeo6esuo Ha p e a k r ~ s ~ 0 8  aemawu. mno 6 b ~ ~ p b ~ ~  T e r n a m  K 

oanoepeuenno no nyrw ero ycnolpteu~n. 

Cm~ena renepuposanma H pacnpeAerreHns SnecTpoaweprnu; 

rwaemqecxoe  ~ B o p y ~ o a a m e  ' c  6onbrwn ~ u u r o n  cmosw npuaanom, r o m a n a s  

cHc-reHa E nepesarnrofi, aa~onbqena~wen, aeapn8- CIMPOH T O W B ~ ;  cuctena 

rowwouHpoeannR c np#tiopm rtonTpons H yrrpannenmrr no~pe60namt amqePtula e 

cocran rtannaxa doprucoaenepa. 

Xpone npn6opwrrt AOCOZ n h o ~ o e ,  raq&i well attunam nonystvt cnoe 

palosee necm. 

Bce  sro noxashnraet, STO "pa3pacfaHHe -6nw*' ~ ~ n m c b  cmflcTsHem 

yamqenmn rtomreerea ~eo6xrr~(wnoiI curnamrsaqm, sttqmxaum H "pyq~aro'~  TpyAa 



npwcmTpeno ege ma necra: O ~ H O  ueqy neTTmrrabm, V Y T ~  c s a m  nux, H BTOpOs - 
sa neebar WOTOM, E pa3nOji cTeneHm XO+~TB. ~ ~ K S W  TBRD?~  Itomonosxw ~ l b \  p 

HscomeHno. Ocoienno rrpmcyrcmsie nosepmolqero, Kas nopasmaer rrparctnra, HOB& 

rassmxe sssePrrponnxm PI mornfi ~ e m m  .qWlaeT enome peanbww 

CoBepmeHHe ~ W O C T W  ~ B T O H ~ T U S ~ C ~ O ~ O  noneTa OT B a n e T a  go nocwm.  

He RWO m 8006iqe n c m a ~ b  PenoBera na KOHTypa ynpasneft~n? 

Mu m e n ,  TaRaff nocsaHoeKa eanpoca HenpaaouepHa H ~epeanbaa. Bpqq 

nu ICTO H3 B a t  C ~ B T  B caMoner, ecmt 6 y ~ e T  Inarb,  TO OH yrrlpaanrremn ~ o s r b ~ o  

~ R T O # W T % K O ~ .  

Ecr b moro C U T ~ ~ ~ H # ,  spe6ymqux necTatqapTnnm norrqecenx onspawfi c 

HCllOlIb30BaHHBM FU4OrOYICJleHHhM HCTOSZIHKD& H&@OPMB~HU, C A O T O P M H  S W I O B e K  

crrpaewca srysme, Ten d a f f  aeTomTmgecrarr cncreMa. 

W o e a T s n b H o ,  Ha caMoneTe Aomaeu 6 m b  XOTR 6u OAHH rmnor. no, 

paaensarr yqelo ay6mpoeau~n cacsan, ~a naccampctlcnr caMoneTax H ~ O ~ X O ~ U M O  HneT), 

KaE n-, g ~ y x  nwrome. 

T a w  o6paaoH ~ k l ,  ~ P O ~ K T W O B W R H ,  n p m  r m ~ m b ~ o n y  cocTaey 

muinam. Kadrana canonela W-204 cnpoelrTHposaHa r! cooTsercTmu c B T H ~  

~pe60smen. 

YTO xe c,qwtano, 9~06kd rpu w u ~ m b ~ o ~  cocrase rr~unaxa nonmn.ea 

~ ~ S O ~ ~ C H O C T ~  nonere? 



t i a n ~ e ~  c ynpaenexsn. ~ o n p o c u ,  ceasaHnble c ynpaeneewen, ecerAa 

BOJlHOBaJIU H IIpOAOJDKap)T BOJUiOBaTb CneL(HaJIUCT0B. 

Ponb nunoTa H aBTOMPTWRH, B ~ A  s n p n a  pmaroe  ynpaene~un ,  cnoco6u 

BMemaTWTbC,TBa IIHnOTa WM aBT.OMaTH'4eCKOM y ~ a B n e H H H ,  MeTOppI  U ITpUqUIIbl 

H ~ H K ~ ~ H H  AJIR npeAynpeyqeHsrr BbrxoAa sa AonycTunyro 0 6 n a c ~  b nonera . 1c7eneHb 

~ e o 6 x o ~ m o k  3 a C p y 3 K H  Y n e H O B  B K H n W a  W U  JVIUTWIbwboc K p e f i C e p ~ K ~ ~  nonerax - 
eonpocu M O ~ O  n p o ~ o m ~ b  H OTeeTw, peanuaoeaHme B K O H C T ~ ~ K ~ H H ,  M ~ I  m a e n ,  

V R M O  B J I U ~ T  Ha yYeT nwoeevecKoro 4 a ~ ~ o p a .  

CaMone~ TY-154 6bm OAHHM u3 nepebrx r p q a H c K s x  caMoneroe, ~ o ~ o p b d i  

men He06paTUM0e 6ycTepHoe ynpaeneHwe BceMu pynnnu.   TO no3~onnn0,  ucnonboyn 

CpaBHUTWlbHO np0CTbE CUCTeMbI 3 a C p y 3 R W  pbnarOB ynpaBneHU5i, C flOMO~blD TpeXKpaTHO 

p e 3 e p e u p o e a ~ ~ o i i  c u c T e m  0 6 e c n e s e ~ s n  ~ C T O ~ ~ S U B O C T H  H ynpaenneMocTu Ha ecex 

p e m a x  nonera, eHe ~ ~ B H C H M O C ~ U  OT ~ ~ H T P O B K H '  H eeca CaMoneTa, nonyqsTb 

OnTUMaJ'IbHbIe X a P a K T e p H C T H K H  YnpaBnReMOCTH. 

' E p u  nunoTupoeaHws e6m3u rpawuqbi no u a ~ c m a n b ~ o i r  n e p e r p y ~ ~ e  UJIU 

M H H K M ~ J ' I ~ H O R  CROPOCTH 3aneTHoe y e m s e e a e  rpa,queHTa ycunuii B@+~KTUBHO 

npeAynpqaeT  n u n o ~ a  . 
O a R n o ~ e ~ s e  pynn B ~ I C O T ~  nps aeToMaTssecicon ynpaenewuu OT nexaHu3Ma 

TpunnupoeaHuR H ~&&penquanb~o noAwmnenHoro K cucTene ynpaenemun pyneeoro 

nunoTa B ynpaeneHue Ha ecex manax nonera. 

RaJIbHefimee paasmse cscTena ynpaeneHun, co3,qarorqan y nwroTa ryecTBo 

nerKocTa H Y , ~ O ~ C T B ~  ynpaeneHwn, nonysuna H a  caMoneTe TY-204. 

A H C T ~ H ~ H O H H ~ ~ ~  3neRTpO~H~~BIMSeCKaR CHCTeMa C M U H U U T y p B a J I O M ,  C 

nerKsnu rpaAueHTam 3 a r p y 3 ~ 1 1 ,  c M ~ J I M M U  ycuns~nu  C T P ~ ~ W B P H H R  n03BOIIIOT 

PeWPOBaTb XeJIaHUe NUJTOTa: HaAO TOnbKO nOAyMaTb, He ITpWRna.4bKIaR y c ~ n l f f i ,  H 

cauoneT nerKo u nnaeHo orKIurKaeTcn Ha ynpasnetise u AenaeT T O ,  S T O  FU xosemb. 

A e ~ o ~ a ~ s q e c ~ a a  n e p e 6 a n a ~ c s p o e ~ a  s coeneqeHHoe ynpaenekiue C H H M ~ T  c 

nUJIOTa H ~ O ~ X O A K M O C T ~  MHOrOKpaTHblX A ~ ~ ~ c T L I H ~ ~  n p U  YCTaHOBJIeHUU peXUMa IIOneTa. 

no HameMy M H e H m ,  ~ a ~ o i i  noAxoA eo MHOCOM pemaeT eonpoc Konnpomcca 

M- aeTonaTuqecKm a P Y S M  ynpaeneawen. 

M H O C O  p a 3 ~ y n u i i  6 m 0  H no noeoAy 6oroeoii p y q ~ s  ynpaeneHan, 

l lPaf fTUYeCKL4 U A ~ H T U ' I H O ~ ~  l W P O K O  PaCKIPOCTpaHeHHbIM B 50-e r o w ,  O C O ~ ~ H H O  B B O ~ H H O ~ ~  

asuaqss,  coeMeqeHwblM p y s ~ a n  ynpaeneHnn vepea as-ronrmo-r. IlpaeAa, O H M  A e n m c b  

AJIR KOMaH.4Upa nOA npaBJ'I0 PyKy. HO 60nbmoii 061.e~ n p O B e A e H U  CTeHAOBbDc 

ucnbITawsii H noneToB Ha neraeoqek na6oparopns TY-154, o 6 c m e ~ u e  c nu~eiimrm 

nunoTana n p e e m  Hac, HCXOAR npewe ecero u3 npeencTeeHHocTu u ygeTa 

qWTOBe9eCKOrO ~ ~ K T O P ~ ,  K ABflY'iHOMY MUHHrOTYPBaJIY, IT0 X a p a K T e p U C T U K a M  3aCPY3RH 

6 1 1 ~ 3 ~ 0 ~ ~  K 6 0 ~ 0 8 0 %  PY'IKe, H O  6onee IlOHRTHOMY )pl~I nUJI0TOB. 

60nbluHe padorb1 no O C H a q e H W  3BH HaBuraqHoHwoc U nUJIOTaRUibIX C U C T e M ,  

pa3BUTHe B ~ ~ K T ~ O H H O ~  TeXHHKU n p U B W M  K Y C T a H O B K e  Ha 6 0 ~ ~  CaMOneTa TY-204 

HOBOCO THna 3JleRTpOHHOCO 0 6 0 p y ~ o e a ~ a n  C MHOrOqBeTHblMH AHCIUIeRMH Ha I I ~ I I ~ O P W M  

A O C K a X  nUJI0TOB. 



manera, aaxoaa na noca,qxy m  rteltyqee nonogesse canonera. 

06ae~u~ewae B aonrYrexc cucrem unpKaum m ~ o a o r !  o 6 c ~ a ~ Q e a m  c 

HO Bnfq@eme anroMaTm~m n ~brtmemrren~noii Termurn. paorp-efi 

LWIaTOa. Xopamo npu nucosehsk Ha.lJBmOCTH BTOR annaparypu. 

H o d  &par 06aa~ra ynpaanews ne nomien ~ R T ~ C I I  npH 

pscom+rypatwu KOnnneaca 06opymganu1l ma-aa o r m t o e  wm newcnpaenocrefi 

o ~ a e n b w t ~  ero a ~ e m i r t ~ o e .  

8-y cmecrseme yrrgsraey ero neaxonormecroe cocronme H C R O C O ~ C T B ~ ~ T  



C a M O n e T H b t X  CHCTeM H a  U H A H K a T O p a X ,  Y T O  n o 3 B o n R e T  0 6 e c n e 9 H ~ b  OAHH " B ~ M O A " ,  ~ 6 0  

Y U O B e K  n p M  BbmOJTHeHHH. @ Y H K ~ U  KOHTpOJIrP B B A e T  KaK n P O q e C C O P  C O A H m  

' \  
B X O A O M , . a  K O H T p O J M p O B a T b  KIpHXOAbiTCR 6 0 n b ~ 0 e  Y H c n o  Y C T P O ~ C T B  A ~ c J T o B H ~ ~ .  

' O A H O ~ ~ ~ ~ M @ H H O  C CHCHWIbHbM OnOBeU(eHHeM B m O A W T C R  H a  B K p a H  A U C M e R  

U H C ~ ) O ~ M ~ ~ U R  06 O T K a 3 e  6i n O p f f A O K  ~ e i i c ~ B H i i  B A ~ H H O ~  C H T y a q H H .  
I 

Eiqe  OAHH B O q O C ,  no H a m e M y  MHeHUlO O Y e H b  B d ,  H a  KOTOP& ME3 

X O T U H  0 6 p a ~ U ~ b  BHUMPHHe.  ~ O ~ H A K ~  30-40% B C e X  TIDReJEJX ~ ~ O M C ~ ~ C T B H ~ ~  I T p m O A H T C R  

H a  n O C a A K y .  

H ~ T O A U K ~  nLUlOTHpOBaHUR H P a C I T p e A e n e H H e  O ~ R ~ ~ H H O C T ~ ~ ~  M e w  Y n e H a M U  

arcunaxa n p w  aaxoAe H a  n O C a A K y  u n o c a A K e  ecerAa e u a b l e a a u  60J'IbIUHe A H C K ~ C C H H  

C n e q U a A U C T O F i .  B ~ e ~ p e e u e  H 3 B e C T H b M H  HaM ROMnaHHRMH M e T O A a  T a R  H a 3 U B a e M O C O  

" ~ T O A K O H T ~ O ~ ~ H O C O "  3 a x o A a  H a  n O C a A K y  O p C a H H 3 a q H O H H O  y n O p R A O 9 U J I O  BTOT B T a n  

n O n e T a ,  BO MHOCOM C T a H A a p T W 3 U p O B i U l O  A ~ ~ C T B H R  B C e X  9ZIeHOB B K H l l H a .  

. O A H ~ K O ,  no H a U e M y  MHeHUlO, O C T a e T C R  q W d  p H A  npo6ne~ .  KOTOPble 

y c n o w m r  n m o T s p o e a H u e  nps aaxoge ma n o c a A K y  H n p w ~ e ~ n e ~ ~ w .  

A a n b ~ e i i m e e  pacmupeese c e T u  a a p o ~ p o ~ o e ,  O ~ O ~ ~ A O B ~ H W  

HHCTpyMeHTabIbHbMH C p e A C T B a M M  n O C a A K H ,  n 0 3 B O n R e T  C Y H T P T b ,  Y T O  3 a X O m  H a  n 0 C a A K y  

M a C H C T p ~ b H a D C  C a M O n e T O B  npOHCXOAHT B 6 0 n b m H H ~ ~ B e  C J Q f Y a e B  C HCf lOS lb30BaHHeM 

KJfpCOCJlMCCaAHbXX P a A H O M a R K O B .  

Bce BTH C a M O n @ T U  no T P ~ ~ O B ~ H H R M  HOPM J ~ ~ T H o ~  rOAHOCTH 0 6 o p y ~ o ~ a m  

6 0 p ~ O B b l ~ ~ i  CHCTeMaMU n O C a A K H ,  n O 3 T O l . r y ,  MOYRHO C Y H T a T b ,  S T 0  B H e  3PBHCMMOCTM O T  

n O C O ~ H a I X  Y C ~ O B U ~ ~  3 a X O A  H a  n O C a A K y  C MOMeHTa B X O A a  B K y p C 0 B ) ' I O  3 0 H Y  P a A H O M a R K a  

c o B e p m a e T c R  n u n o T a n u  c a c n o n b a o ~ a ~ a e ~  u H c T p y M e t i T a n b ~ m  C P ~ A C T B  B ~ ~ Y H O M  unu 

a B T O M a T H 4 e C K O M  y e m e .  

K o H e Y H o ,  npa nc~o i i  noroAe m u ,  no tcpaii~eii M e p e ,  npu MHHUMyMe,  

l l 0 3 B O ~ R l O i q e M  3 a X O A H T b  no I l n a H K a M  nOnOYKeHHR, ~ b l 6 0 p  p e X M M a  I l H n O T U p O B a H H R ,  Aa U 

c o 6 m ~ e ~ u e  B C e X  ~ p e 6 o e a ~ u i i  " ~ O A K O H T ~ O ~ ~ H O C O "  3 a X O A a .  A O C T a T O Y H O  C B O ~ O A H O B .  

O A H ~ K O ,  ROC@ YCJ'IOBRR ~ J M ~ K H  K MUHUMyMaM n O C O m  11 H 111 K ~ T ~ T O ~ H ~  

no w r a c c ~ ~ s ~ a q u s  WKAO, B m o m e H u e  H H C T ~ Y K ~ H ~ ~  H ~ a c ~ a ~ n e ~ u i i  ~ o m o  6 m b  

q p e 3 e m a i i ~ o  xecram. 

Bce, S T 0  n e e  BTHMH CHTYaqHRMEn A O C T a T O Y H O  H e  O n p e A W f e H O ,  H B 

HeKOTOPhIX C J I y Y a R X  C Y ~ ' ~ ~ K T W B H O ~  T O n K O B a H H e  I I O p R A K a  ~ e f i ~ ~ ~ ~ f i  ~ H n O T O B ,  H e  

c n o c o 6 c ~ e y e ~  y M e H b m e H m  O ~ H ~ O K .  

C Y H T B B M ,  Y T O  HaCTaJ'IO B p e M R  P a C C M O T p e T b  P R A  ~ ~ ~ A J ~ o x ~ H u & ,  KaK B 

H a n p a e n e H u u  p e r n a M e H T a q s s  A ~ ~ C T B U ~ ~  nemoro B K n n a w t a ,  T a K  H p a 3 ~ e r q e ~ ~ a  

A O n O ~ H H T U b H O r O  O ~ O ~ ~ A O B ~ H U R ,  06ecne~u~auxqero 6 e 3 0 n a ~ H o c ~ b  3 a  C Y e T  CHUKeHHR 

B e p O R T H O C T H  B03MOwrwaDc O U U ~ O K .  

O c H o e H a r e  nonoxeeun e ewe  T e s u c o e .  

n e p B O e .  Heo6xo~mo 3 a q e T H T b  n H n 0 T a M  n e p e X O A H T b  n p U  C O B e p U e H H H  

3 a x o ~ a  B a B T o M a T u q e c K o M  pentme H a  p y n ~ o e  n m o T u p o e a H n e  H a  w o m r m H e  M ~ J M X  

m c o T a x .  Hanpmep, H m e  30 M .  

B T O ~ O ~ .  3 a n p e ~ H ~ b  KlOlTblTKH H C n p a B n f f T b  A O n m e H H O e  OTKJ ' lOHeHHe,  e C J M  

O H O  H e  n o 3 ~ 0 n ~ e ~  c o B e p m a T b  n p u 3 e m e ~ u e  H a  s u c o T e  time yc~aaoenewsoii, cianpmep, 

45 M. 



n e T b e ,  Yxo,q aa s~oprrii r p y r  nomen c r a m  w x  nwtcl~a OAHHM u3 

UOPM&fIbR&W p-OB n H n O T ~ O B B H H A .  ~ P H  .@empOBKaX WOW C IrlHHUUaKbHO 

~(onyerumm ebicer, c yveTon n o a n m o r o  RacasHs nonocu, ~ o m w  6mb rmarmbHo 

~Tpa60Tam. 

m~n~ 08eeneqews s ~ ~ ~ u e u a r o  uonrpona TpaeKTopnH t o  C T O P O ~  

rrona-a npm nbmomenm " n o p o ~ r p o n  huo ro" s axoAa npeMaraeTcH : 

llepnoa. HarHcTparrbwe canoneTu 060pynoeaTb nHAurraTopanw na 

no6oaon crewte c ofiecneseuuen ~n&pnaquu o Hanpasnenwn aemopa C R O ~ O C T H ,  ~ H H  

WWbeB. BblCDfM, ELOpOCTH.  

BTopoe. A p n  CTayqapTuaaquH MeTOnOe uoutponu r r p ~  zaxo~ax  Ha 

mca&cy n yenomsx n e s m x  snr~nnyno~, u 06RlaT#IbI?o nanunyna HMlre 30 

nerpoe, aBeenes~saTb mYyamcaaqm nanoeu. 

Haubmee n p o c ~ o  ero u m o  ocmecrnmtb E nonoqr) pawonocarapa 

~ m o a o r o  paapemenas. 

JlaraqHosnoe asobpamm4e nonocbl: s nacn~abe, cootawcrEymqen 

p e a n b u a m y  ~saBpaxenm,  n m o  npcleaTmpoaaTn e nowontbar myquKasopa na cremo. 

Tenepb fleROTOpble IrownenTapm R RhIIUecKalaHHO#xy. 

Rewnea nuwqeiine tonawnpa aopa6nn n rrpoqecc nwFoTnporanmfl M ~ T  

npmsecTn R 6onee rpy6ony np~aemeruao u ueroqnocsnm rrpu ynpaanennu na nonoce, 

ocolenno e m  ona crronbtRaR. 

CTpennenue o6~3a~enbuo KOCaflUTb canoner, n- e c m  nepTncanbuarr 

EKOpOcTh WIHmROM bonnmah Wlli 0 ~ ~ 6 0 ~ ~ 0  B B X O f i W  Ha napaMW?bHylO EOCeaHum 

nonOcY, WHBOAWT, RaK Wl 3HSeM H3 WBKTHAH, It IIBTBCT~@.  EcJW eCTb M W I ~ ~ E ~  
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ycT0 CTB BTEX OQ8HOR BO BpeME!KE JlJJ.K OIQeW€?JIBREFI O H T ~ H O B  
DepleomseTa X O H T ~ O ~ L R .  h e~o~opH8  H ) B ~ O T B  no 4 ~ 0 g  qscizelwe y xae B 
elrgase B-TW. 

T a m  o d p a s ~ ~ ,  rn cmaaeha, mo WmegIeme ,qmoxemmx MeTogoB 

B C08JT,%lW XeKOeFO ' s ~ @ ~ ~ C ~ ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ e ~ % 6 ~ ~ ~  HOpTpe- 
aan seTmxa oapaxeHwo%o B coqoBo,wamgzrx ero rneTWm a w s e s ~ b ~ s c a b  go- 
x ~ ~ e ~ a a x  (nea~sil  H ~ e m c ~ e o f i  mmcxax), d u o  d~ DmeaEo x a ~  ~ I H  

r p @ m a ~ a m c e . ~ s s 6 a ~ o m m  q o ~ c r n e e r ~ d i  E m e a T o B ,  aax H q n  EX 
pacwenssam,  esara,RecMoTpR HZ Ba ~ a o , o m  d y m ~  m e ~ b  M ~ C T O ,  



~patrcXI0pTHOfi CHCTeMhI RMBeTCK ~ C ~ O ~ ~ M H O C T ~  fIOneT6B. 

H e c m q ~  Ha rrpoacxo,qmqse a nomeme ~ e c ~ ~ s i n e ~ w  noA m a m -  
era Haysno-lremmecKaro nporpecca rtataecmewe HaMenemR n Ha,qex- 

m~ @ I ~ T O ~ U ' ' .  H~emo ~ O Q T O ~  YC~VIMII worm Ygem pan- c~pan 

~rtrrpaBJreiw m - n o s c x ~  nylrefi peps "~moaesee~oro @~opa" QH w- 
emqmnama H c o n e p e ~ c ~ n o $ m a  ~axm m o m  3 p ~ a ~ m e c m  C A C T ~ M  

~taK aTomhE aneltTpocTamF, aTamer u o p p o ~ m  n o w ,  CHeTeMba W- 

pamemn srpoa3noAeTaam a n TOM-wcne rr a a n t w o m  

~patrenopr~m eac.rem. Bce swam, peraaewe B oTHamema PaBtrrMa 

~ @ p a c r p y c ~ y p  a ~ o B  c~icrem B XoHetMuM mope ~ m p m t m  Ha 6e30- 

nacme n 3 K o m m o e  nmmeme 3 tmoro  xompeworo nmma. BIRR- 
?-Me "~W~OBEWCKOCO @XTOP~ 320M, eCTeCTBeFJIO, CJLwe'P O q a T b  

He TanbRo OT smnaara, HO IZ OT AERCTBHR HHcneTrlepa, a T M X ~  OT Hx 

C O B M ~ E T H Q ~ ~  AeRTWbHOCTHl  TO CTWOBMTCB TeM donee D m ,  s T Q  B 

nbcneANee apem ~ a b ~ f g l ~ a r o ~ c ~  qemoemm E astramom npoaemeclrafl- 

m (QNT) R amamomme rrpoHcmec~nriR (AD) ,. qamm KOTOPMX R ~ O ~ C R  

mema a ~ e c o r n a c o a ~  neficsam s~snasa  n menemepa. 

&A 3TOM qeHB 0m6m atleTWKa A ,Il,MCn€!T9@p HaCTOnbRO B 0 3 p C R 8 ,  

m o  pk ReXoTopbPt crpm n o c n e ~ o r s ~ ~  assaxa~ac~poa IIMWITCR H ~ O -  

- R ~ ~ I M M  d e n e ~ n ~ e ~ .  hemo naamyy notrcK ~@EKTHBH~D: q n e f l  noame- 

mfl HWmbCm 4ClTOBE!9tCTCOFO 3BeHZL B W b m e  m e E M B  Bb3-4 

CYTWOM H ytrpmnem bo3~lymHM pmnemeM nt.eaTe3lbHEnx annapon ETBA 

, ~cempmfi aqaqeR. 

B naromqee apem wmo m q q e n ~ ~ b  ' F ~ W  M R B ~  . m n p u e m  no- 



O T p Q  H CRe~BJIEICTOB, ROTOPEJE! BH(?UH 0 ~ -  BlUIw B 

pememe rrpodnew nos ban am^ W B H ~  A ~ ~ ~ ~ ~ R H O C T B  319e~a u 3 ~ ~ n m R  B . 

cacTeMe " a ~ ~ n m - n o 3 ~ y m ~ o e  cy~~o-cpenan . Eonbme AacTaKem n pe- 

memu Y~CTHHX sqqm no rrpad~re~e nonmemR nqesmocw senoaesecm- 

re 3 n e ~ a  o6eenemrr cepbe3me rrpep,nocmm PR co3ams1 n r p ~ W c -  

C v p e M @ H ~ O f i  CHCTeW ~OBMeClmrof i  n O ~ U T O B R H  ne~HQk'0 H 

PPcnemepcrtdro CocTasoa, da3npymqe8cn m xpmepnn nWe&oc~. rn 
\ 

AefEEXbHOCTH. 

Ommo HB w~l K O H C T ~ ~ M P O B ~ H H I I  H wememfi T ~ O R  CxcTem npo- 

ipeccaonatb~ofi nogrolroarsvr y ~ a 3 m i m  cneqRanHeTan X C ~ T  R wepemeH- 

me rzpodzem. 



TennHocTM mozla M WcneTqepa, ~ o ~ o p b ~ e  06ecrrewsm~cn cEoeJpeMe3- 

nocTba or b e a o m d c ~ o c ~ b n  nmonHemR o n t p q 8  s o m q a e m  ymonam 

(0Yl M scodm C I I T ~ ~ R X  (OC) noneTa, ~ K T M B H O  r r p a ~ d p e ~ m c ~  K p 3 -  

nmamcs B rrpoqeece ~ r e ~ ~ o f i  TpelwpoBKs, a I IHT~HCHBHOCT~ ~ B ~ B M T H E I  

' ~ a m ~ o m o r o  M e x w s M a  ~o p y p o  ~ ~ ~ ~ c x o F ~  cTepeoTMna aantl- 

CMT OT COBepPmeHCTB8 CBCTeMhI ~ @ c c x D H E U I ~ H O ~ ~  nOAI'OTOBKII WIeHOB 

neTHoso smnaxa, m o T a  s acnemepa, &e,qosa~as~o, coapeMemw 

ersewm npo@cctioambaafi noproronxli A o n m  6 ~ a p o n a ~ b c a  Ha Rpme- 



PHC, i ~ A A  O W I ~  Ha npAi3Ae HtiR B ,noSblWeHHU YPOBHfl 6e30flA CHOCTU DOAETQ B 0 ~P~ATMWCKOM KOMllAeKCE 

,, 3KUWtfl - ~ w c ~ @ z W ~  



OTCyTCTBUH EtOWeKCHk7X RNTepHeB OqefarH fle%TWIbHOCTM: BzlHnaKa Zi B 

cxcTebrIHau oQopmem~. 

Bce  TO ~pedyer noHcva M ocmcnew  HOB^ m e f l  noAroToBstr 

- anHacnemmRcTon B HX B ~ ~ E I M O A ~ ~ ~ C T B M A ,  HOB= H ~ T O ~ O B O C ~ ~ C R E I X  no&- 

XOqOb E I I ~ ~ w ~ R  IIOEMWEMR H+&e%lHOCTI.I 9MODeYeCHOPQ 3BW& %* 3w~- 
Tula~ati sKcnnyaT q ' r p  ~ 0 3 ~ ~ s e p a ~ c n o p ~ W  CMCT em n pmxxmm 

3~crurya~awo~~arx yclronsm. 

Omarlo cncTem I ~ ~ T H O ~  nanrmonm -  TO nmm omo snem s 

adeeneaema nqeaHocTa aeJrosesecKoro dpx~opa. h~ BHHMaT@JIbHO no- 

cleoTpTb Ma Emmt3 ~ 3 a v i M o f i e f i C T ~ M ~  IWlOTOB rrpM BmOIIHBWi IIDJIWHDTCI 

3qqam~~ TO C T ~ ~ T  coBepmemo osemwo, mo ecTb eqe agia cncTewa, 

RcTspw ona3maea nommmee arrame Ha ~qqemoc~b cncTew 
7 3  sm~~a-soqry~~o c cypo-cpes", ~ T Q  cynepxcmm "s~~nm-mcnea- 

, qep nAlt ( ~ H c ~  al, '. 
Ha n-pax~me aTa f i ~ e  ewcTem ns~anax4Cn s "smnm-mens~sep" 

HttX0MTCB El TbCHQM OplPW!le@KOhl B S ~ P I M O ~ ~ ~ ~ C T B H H ,  Q QH n6ATOTOBKe 

sseTHoa5a H W I Q C I I ~ T ~ ~ ~ I I O ~ Q  C O C T ~ B O  B cosaaePcR no cyqecTag HeKyccTs'eH- 

m e  rn p ~ m e m e .  bapm w.lga~aewo@~ no nme ,qmneTwqcseor?o ea- 











I. npawrn ~ ~ ~ ~ ~ a ~ o ~ o t i  0 6 e c n e ~ e ~ ~ o c ~ a ,  3ammqmncrr  B 

OqeHXe KOnHseCTBa, T O W O C T H  PI CBOeBPeMeHHOCTH rIPe~~Tal?JIffe~~fi HH- 

* p ~ w m .  o ~ospynnroti H ~ e ~ e o p o n o r m e c ~ o i i  O ~ C T ~ H O B K ~ ,  B ~a ia re  06 

o r m a e m m .  H a  napaMeTpa ~ T O B  OBCT~HOBKR.  

2. IIpHwlI c 6 a n a ~ c u ~ o ~ & o c ~ ~  ew B03M01RHOCTIIMOI ,D,ECneTse- "P 
pa m a  m o T a  K rrpegmc8HKhm6tI eMy @m~~m'. IIpx  TOM c 6 m a ~ c q o -  

B W O C T b  OlQeJl,eJIKeTCff HmMszleM CpeACTB H WBHeM B B T O M ~ T M ~ ~ ~ H  

O ~ P ~ ~ O T K H  H H @ ~ M ~ L ~ ,  a Taxxe n o ~ a 3 a ~ e ~ 1 m a  CJIOWHOCTH anPopHma 

rrpuHmaa pemems. 

WOT mvr AxcneTsep npxo6pe~ae~ B n-poqecce ~ e n o c p e , q c ~ ~ e ~ ~ o $ i  pa- 

6 0 ~ ~ .  T ~ K ,  HXQHMep, 3Ha3MR mJIOTa 06 YCJIOBHKX BhUIOJIHeHMR nose- 

Ta s z  irpe~nocqowo2i rqmc9 &?p~ o r p a m s e m  sxaqemm B Y ~ M O C T E I  

H HHKHefi FpaHMW odnaxo~ HeCpaBHeHHO bonbme, seM 3 H W R  06 3 T O M  

WcrreTsepa. 

4. I l p ~ ~ n  an am^ yenoserIecKoro N ~ o p a  Ha rrpoqecc ITPHHIITXR 

PeZIeXJlR IM Ha eP0 Pe3YJIbTaTbI. T ~ T  qenecoo6pa~aio OTBeTHTb Ha B O q O C  - 
PTO ~ @ E K T H B H ~ ~  ABHIeT PeJIOBeKOM QH TTZ)HHRPMYI PemeHMR - JIMwEH 



T ~ H M  86pa30~, qoqecc  q ~ m x a  pemcmn H ero gesynbaam 

y Hac p y 6 n ~ p o ~ m m  O K ~ ~ I ~ J I H C ~  1im60nee saxme -H 3mnaxa no 

ITpHHETJQ3 penema, Tarme K ~ K  nptrmse pemems Ha ameT, Ha a a n e ~ ,  

Ha emmeme, H a  nocqrcy, no swepmBamm 6e30naem a u c o ~ ,  HeKo- 

AononmTenbme MaTepHanbme pecypca. Oppa~o noaHoro y p ~ m  6eaonac- 

HOCTJ? noneToB T ~ K ~ R  cxem p e 3 e p ~ ~ p o ~ m a  He gana. l l p ~ ~ e p a  Hapyme- 

mi% 6 e 3 o n a c ~ o c ~ ~  noneTon m p o ~ o  H ~ B ~ C T H N  ( h ~ a - A T a  - Hapymeme 



cxem C m z e m R  H a a x o ~ a  H a  nocwy).  O A H ~ X O  n o T p M q a T b  ~ O J X H O C T ~ H )  

~ @ @ ? K T H B H O C T ~  T = O ~  C X e W  H e T  O C H O B ~ H H ~ .  

S ~ c n e p ~ m i ?  orrpoe J r e T H o r o  comma, n p x o m e r o  odyseme B 

-A~a,qe,w r A ,  A a e T  OCHOBaHMe C r M T a T b  B UeJIOM, a 0  C T e n e H b  J!J~JI~Qo- 

BaHKR @yH?XL@ B H ~ L I I € ? ~  CMCTeMe P a C n p e A e J r e H M R  OTBeTCTBeHHOCTM B C e -  

T2KM CJIRIDKOM BbICOKa. &M 3 b 0 ~  ESl 9 K 0 e R  M e p e  HE? I Y C X a 3 M B 8 e T C R  MHe- 

H X e  0 H ~ O ~ X O ~ M M O C T ~ ~  ~ ~ C O J I I O T H O  ITOJXHOFO pa3AeJIeHHfT (PYKKwfl H O T B e T -  

CTBeHHOCTM. ~ ~ P H M ~ P ~ T  H e Y A a W O F O  ll'pMMCHeKKR TaXOFO IIpMHqMIIa TaXlKe 

UIHPOKO a 3 B e C T H b I  ( x ~ T ~ C T ~ O @  B-'74'7 B cm -Fl V H 3 B O J I b H O M  CHMIRCHMM 

BC rrpA a a x o ~ e  H a  noca,qxy, K o r A a  A M c n e T s e p  sqe .~ ,  PTO BC C I i l l W a e T c R  

M H e  ITptlHFUr Pa3YIMIhD[ ~ @ ~ K T M B H ~ D C  M e p  IIO l T p e A O T B p q e I M p ,  CHME~M).  

O A ~ M  ~3 OCHOBM ~ M I - I I J H ~ O B  opras~3aqm cxem pacrrpeAenems o T a e T -  

CTBeHHOCTH ILBXEIeTCII r r p M H p n  ,II,eXOhEIO3MQ5I? 384aq H m a ~ ~ b m  

H~YWE& aHEUIH3 K O H X P ~ T H O ~ ~  3 q a s M .  

T a ~ o f i  w a n 1 4 3  ~ O ~ B O J I R ~ T  nepeg~n K p a c c M o T p e m  H orrpeAenemm 

OCHOBHhIX llyTefi llOBbrmeHMEI Ha,Ll,eKHOCTM ,4t?RPeJIbHOCTH JIeTHOrO EI AMCneT-  

Pepcxoro n e p c o H a r r a  ( pnc. 5 1, cpem K O T O ~ H X  saxHe&um m n e T c s  

rI ' '0eKTMpoBaHMe 3JIeMeHTOB CHCTeMbI ~ ~ ' ~ o @ ~ c c H o H ~ J I ~ H o ~ ~  IIOAFOTOBEtM. 

~ P M  rrpOr 'H03HpOBa3MII  Pa3BPITHR CHCTeMhI " ~ K P I ~ ~ x - B o ~ ~ o ~  CyAHO- 

rncne~sep"  x H a c T o q e q y  a p e M e m  ~ ~ I H T H B ~ I O T C E  c n e W r o r q a e  o c H o a m r e  

- c o 3 ~ w e  r o c y ~ a p c ~ ~ e m o t i  c n c l r e w  ~ c n o n b s o a m s ~  a o 3 ~ y m ~ o r o  

I r p o C T p a H C T B a  Sf DJ, a 0  C m e C T B e H H O  H3MeHMT @ J ' H K ~ E I  ,Il$CneTSepOB PI, 

n o - n y n a ~ o ~ j r ,  B H e c e T  u 3 ~ e ~ e m ~  B rrpaswra a rrpqepypa a m o J r H e m R  no- 

K pwmxpeme KX re or pa@^ Ha T e p p n T o p m  CCCP, c s e M  c n ~ 3 a ~ a  rrpobne- 

TOBKM ~ a p , p o ~  B CCCP B H a c T o a q e e  spem r r p e T e p n e s m T  cepbeas~e ~ 3 -  

~e!ieFiXk, B OCHOBY KOTOPhIX IIoJIoK~HLI i Q B w I I b I  A e M O K P a T B 3 a q M  o6qec~-  





e T  CMCTetvly nOJ(r0TOBKR donee I " H d ~ 0 f i  H n03BOJIReT V e C T S  H EpHMeHfiTb 

c T a y q a p l r a  M p e s o l a e y q a q u  W O  H o t m  3apy6ex~m c ~ p m  B s ~ o f i  06- 

npaKTkfKa X ~ T H O ~  AeRTeXbHOCTH YBA n o ~ a 3 b I B a e T ,  a 0  o c o d e ~ ~ o  B 

nepaoe nocne O K O ~ ~ H H R  ~ e 6 s o r o  a a a e ~ e m  spew P c n e T Y e p a  s a c T o  

TOMY OCHOB~HHG,  a, C ~ p y P 0 a  C T O p m ,  no,qodme.omd~tl ~~'~OIIBARLOTCJT - 
y ~MJIOTOB nocne nepeymsamn c n e r K n x  H a  cpeAme H T m e n a e  cmone- 

- .  TbT, TO e C T b  K O r A a  COBMeCTHaR ~ ~ ~ e X b H O C T b  IBUIOTa M JJ,HCneTYepa ne- 
'. 

FeXOAMT H3  O ~ J I ~ C T E I  A ~ ~ ~ C T B U I ~  o,U$HX lTpEfBWI ( H ~ ~ T P M M ~ ~ ,  Wn) K IngyI'MM 

(ZED.. IIpx  TOM B rrporpaxm nepeno ,q roToBKH n n n o ~ o s  orpomioe am- 

MaHMe YAeJIReTCR BOlTPOCaM rMJIOTMpOBaHliR  HOBO^^ JJIR H e r 0  TBXHEIRH, a 

H o B o e  B ~ ~ M M O A ~ ~ ~ C T B M ~  co crryabofi YBJ c m T a e T c x  B T o p o c r e n e m .  

BOT n o s e M y  H ~ O ~ X O J I J I M O  aqqeaeme, m a n ~ 3  n O T ~ ~ ~ O T K ~  T ~ K K X  

c ~ ~ y a ~ y f i ,  E KOTOPXX M WOT H W c n e T g e p  AOXWHIJ n o ~ a 3 a ~ b  SHEU-MR M 

HaBhmR B IlpKHR-rHtl pemeHMfi TOJIbRO T e X  38Ha9, KOTOPHe OHM AOXKHbl 

P e m a T b ,  3x60 B KOOPJIJIHaqH C O B M ~ C T H O ~ ~  AeRl'eJlbHOCTH B TBX C X P U X ,  

KOI'Aa 3 T O r O  ~ p e 6 y 1 o T  COOTBeTCTBYD~He JIeTHIJe 3aXOHhl. 

C J T ~ ~ C T B ~ H ~  3 g e K ~  B ~ I P H O ~ P ~ T ~ H M M  TaKHX 3 ~ ~ f l  H HaBMCOB 

, R o c T a r a e T c R  3a c s e T  r r p m e H e m R  'pmnmmx T e x m s e c m x  c p e A c T B  06y - 
vemx, T ~ K H X  K ~ K  npqepypme T p e H a x e p a ,  pado~amque B p e m M e  p a -  

nora, O C H O B O ~ ~  KOTOPNX IIBJIRIOTCR n e p c o a m b m e  3BM.  TOM 3@3ex- 

T M B H O C T ~  DO B p e M e m  0 6 p e m ~  H a  P~KEIX T p e H a m e p a x  no c p a B H e m D  c 

IcomeKcHEajp? ame a IO+I5 pa3, a C M H M O C T ~  06pem11 mxe Ha n o p f l -  

AOK. Pa3pabo~xa ~ a ~ o i i  c u c T e m  rrpoqe,u,y-pm T p e H a a t e p o n  wx nepcoaa- 







I T p y ~ ~ a  WaTmaeMm, I JIer~o ywamaelrcs s r y ~ e ~  matonne- 
. . . . . . . . . . . . . . . . . . . .  -.. " aHn a daae a ~ m R .  I 

8 aomene donee n o ~ p a d ~ o  paccwaTpasaeTcR nepaoe ~ q a a n e ~ ~ e .  
dip080ri srekcnepm~ar; tUCmeMl  

MeerolE3~) B cocwse num~m~o-HEBHP~O~O~O RamneHca coapeMea- 
B a ; d y ~ ~ o r a  tyd~o l  

HOT0 (BC1 H J I J I D C T P ~ ~ B T  PAC* 1- ~ P U  aTOM ~QPTOBBR 3C M O f  eT Wme- 

. . Pas~epu Aamoro " oma " ~ ~ B W C R T  OT p q a  @ K T O ~ Q B ,  epem KO- 

~ o p m  MOXHO EmpenuTb nefic~aymne sosmemn Ha EgfP n Hme, a TaK- 

xe. xapsmep yrrpanneHuR nocne VoJreTs HIP. fipn  TOM xapamep yn- 
' , 

PRBneHm O K R B ~ ~ B ~ T  eymeeTBemoe n n m r m  r p ~  nocaq~e  no T II II 





HOM MTOre, K TIOBbrIlleHKKl ~ ~ ~ O I I B C H O C T U  IIOJIeTOB . 

pea. C.M.Qeaoposa. M., Tpancnop~, 197. 

. 3. X ~ R H  B.M . , Qmx H. H. , Q I e ~ a p o ~  C .M. Ilcnonbaosanae 6 a p ~ o ~ M X  







UIwtm DUTY fIm IN- 
PLXGRT ssw ~ B E R S  

(Presented by t h e  
International Federat ica aE I l c  Line Pilots Uaociations3 

.Tte human body and i t s  physiological functions are strongly controlled by the 
biological clock. a 24-bour day-night variation or cycle of body funcQons 
called circadian rhythm, This includes body temperature, alertness versus 
slee~, eatf rig and appetite, hormone levels, performance, and bebaviour. Mental  
performance and memory i s  high  between 0800 and 3400 bours and then drops off 
during the atternuon. All of t h i s  eimply means that a t  night the aviator i s  
&eked t o  perfarm a t  maximum c a p a c ~ t y ,  vhen the body is saying   it'^ time t o  
sleep - I'm not ready for uork"l. 

The fssues of fliuht crew rest and duty time have been intertwined w i t h  those 
of. f l i g h t  eaf e t y  f sr decades. hl  tbougb dramatic advances in aircsaf t design 
a d  sit traffic control have resulted in a substantial decrease i r r  the  overall  
accident rate.  a  erai is tent 65 perceut of a l l  mishaps continue t o  t e su l t ,  a t  
least $8 pact, from flight crew error. Of course, a variety of bumaa factor$ 
anderlts tbaso statietics.  but fatigue ha& always been one which has attracted 
attention'. 

II study was performed v i t b  74 crew-members operating B-737 and PC-9 aircraft 
~ r i m a r l l y  f l y i n g  in the eastern hal f  of the U.S. w i t h  no slare than one 
time-zone erassing. 

The results revealed t h a t ,  in general, craws flying. the short-haul rautes under 
study obtained less sleep during layovers than a t  hame, slept more poorly as 
the tTfp progressed. an6 becme more tired. More specifically, the extent oE 
these effects varied depending on a nuabet of factors such as time-of-day and 
indivfdual  peraonali t y  traits. 

There vas aome suagesti~n that both activtty and heart rate duri~lg sleep 
iucreaged on auecessive t r i p  nigbts , ~ a r t l c ~ l a r l y  in older s ~ j e c t s .  Dldor 
subjects also rated their fatigue as aignifieantly greater and their activation 
as sirnificantly less a t  the end of each duty day In comparison to younger crew 
members. The esetgence of an aae-related sff e e t  in sleep disturbances would be 
confiateat with the recant findings of Poorer sleep in older crew members 
L3ylng transmeridian routes, 

The leading question i a ,  af course, does lack of sleep and f atigae cause 
accidents? 

napbe. Certainlv it f s  on the d a d s  of p i l o t s .  

b s t  leap the B. R. Conftdential B a a  Incident Reporting rrogramrne (CHIRP)' 
received a n@@r of ~ l l o t  reports of sXCessive fatigue, typical  of which was: 

"The co J ina t ioa  of long bours, multiple sectors. niqbt f l i g h t s ,  bad crew 
meals and uo summer holidays makes you very fatigued, Something must be 
done t3 change th is  before there is an accident". (The same pi lo t  
W e e  last ?'Par found h i s  c a p t a i n  asleep a t  the controls) . 

i Fl ight  & ~ @ L Y  Pandation - W i g h t  sat ety ~ iges t '  - September 1989 by 
T . f , Jenzzn 

S R. Cllrt is Graeber: "Sleep and Fatigue in Gbort-Eaul Operations - a 
Field Study." 



Did fatigue cause the crash in 1979 of a Western airl ines BC-10 which landed cn 
the wrong runway a t  Mexico City and collided with a cargo truck and building?. 
Seventy-nine people Were killed. It happened a t  05.30 in the morning, a t ime  
when the  chew front Loa Angelds would normally have been i n  bed. 

Accident Xavestiaat ion Authorf ties are loath t o  implicate lack of sleep or 
fatigue in their sevorts. For example, in December 1977 three crev members 
died when their a i r  freighter flew into a mountain near Sal t  Lake City. 
Ioveatfgators concluded that the crash was caused by unclear communications 
between %be p i l o t s  and the couttoller and the erew'e fa i lure  t o  adhere t o  
prescribed holdina vraceduteg. What the investigators d i d  not query was the 
controllerta l a c k  of  s leep before the 01,38 a.m. craah nor the wearying 
eroas-country schedule %be captain had flown in the before tbe accident. 

Similarly,  in September 1978 investigators blamed t h e  crew of a 0-727 for 
failing to  beep a Cessna i n  r ight  near Sari Piego. The planes col l ided and one 
handred and fortr-four people died. Tbe airliner crev, however, bad worked 
BsEh 4aga and aveninqfi during the Ptevioua four days. 

the topic a£ F l i a h t  Fatigue 5s so delicate that  never before have Pilots ,  
Bcientiata, Airline Operator8 and Aviation Authorities diaeussed the problems 
sore intensely tnan nov. 

Forty years ago the International Federation of Af r Line Pilots ~ssociatians 
tIFAtPh) proautkd the f irst  proposal to regulate the Airline lndu3Ery in this 
regard. The basic figures for the policy haven't changed much though-the 
p i l o t s  a t  the t i n e  d i d n ' t  have the benefit of the  acirntif ic evidence that we 
have today. 

h t  the t h e  it was  regarded as an "iodustrialm issue by the Ranagement of  the 
Wirlinee - just another claim by the "rpoilsd pilotsu. Unfortunately, that  
opinion hasn't chapqed aueb in the oeantime, Economy has aluayo been the . 
d r i v i n g  force! 

The scientific eridence is naw so overwhelming t h a t  it is time t o  s e t  things 
straight. ICAO Anpex 6,  paragraph 4.2.9.3 presents the followiag Standard : 

"4.2.9.3 An operator shall formulate rules 
limiting the f l f g h t  time and I l i g h t  duty periods of 
f l ight  crev mehers. These rules shall also make 
provision far adequate rest  periods and sbalf be such 
8s to ensure that f a t i g u e  occurring ei ther in a f l i g h t  
or successive f l i g h t s  or accur~ulated over a period of 
21me due to these and other tasks, does not endanger 
tBs safe ty  of a f l i g h t .  These rules shal l  be approved 
by the state o f  the Operator and included fn the 
Opera Sions Kanrr-al . 

Note. - This S t m d a r d  does not preclude a Stare 
from establishf a p  regul a t i  ms ~pecifyiag the 
l i m l  tatioar applicable t o  f l i g h t  ere'u members of 
aero~lanes registered in tha t  State. Guidance an 
the establishment of limi tatfons is given in 
Attachment d . "  

and these is additional "green-page" guidancematerial in Attachment A t o  the 
Annex. for the sake of f l i g h t  s a f e t y ,  it is considered that t h i s  material 
should be upgraded t o  include mars specific quantitative provisions. 

T k  lFAWIZ policy bas basically been d iv faea  into a maximum duty time and a 
maxfmum ' f l ight -deck  time (time at the eoatrola). )re bave also nade a s tr ic t  
distinction Between two-pilot and three-creu ~pzsations. 

a *Pilot Fatiwe. 31 F i t h l  Flax" by I a n  Anderson, Saa ~raoc'isco. 



ps baala data are shorn in Figures 1 and 2. 

Despite our eonscioue effort t o  be very Flight ~afaty-minded, we realize that 
expensiva new two-pilot operated aireraf t will be f l o w  t o  their aaximum range, 
It fa therefore very essential that  the importance of  fatigue vith reduced crew 
nuahere muat Be closely eonitored. 

Fatigue is a factor in a l l  crew cor~p'bernentrs. h degraded performance by ane 
individual in a three or four-man crew is of obvious concern, but a degraded 
perfemanca by one indiv idual  in a two-man crew i r  crit ical ,  as the balanced 
dfatribution of workload and the important monitoring and cross-checking 
fulictione so 'v i ta l  in these operations can be grossLy eroded. This erosion is 
a potential aviation s a f e t y  hazard*. 

However. with the  nrol if eration of two-crew aircraft add the cnnenrrent 
hraadealnq of their sc~pa a t  sewice tram essentially regional t o  
intercontinental operations, aircraft manufacturers and airline management ~ 1 1 1  
have t o  Be prepared to increase their efforts t o  ensure t h a t  the fatiguo- 
producing factors on two-man crps  are dn imlsed .  &gain, fatigue may be 
experienced in anv crew eonce3t but the ef fect  on a two-crew cockpit may be 
catastrophic. 

Degraded performance by one p i l o t  in a two-pilot crew not only reduces the 
effectiveness by 50 percent, it also increases the work load an the remaining 
p i l o t  by 100 p a c e n t ,  

If we accept that all aircraft crew, irrespective of size. suffer  from fatigue, 
i t  beemes obvious that  fat igue amongst two-pilot crew operated aircraft  is 
more critical, 

Goofing deep into oneself trying t o  aaalyse the reasons for  one's tiredness and 
t r ~ i ~ g  t o  quantify the causes, one may wonder, could there be a better Map to  
improve the situarian? 

In IFALPA we believe theti! is a way, but i t  takes understanding of the problems 
and XClO rhould be co-otdinating an approach t o  a l l  concerned t o  minimise the 
effects. 

Within our pilot-circled we have an expression: "Flying a passenger-airplane is 
long hours of boredom with occasional aeconds of terror", a quotation a p t l y  
auming up our inaustry. 

To improve F l i g h t  Safety when using augmented crew, IFALFA has developed a 
policy ehovn in.Fiaures 3 ,  4 ,  5 and 6 with one and two augmented crew-members. 
Hote again the c l e a r  distinction between two-pilot and three-crew operations. 

fa  1982 the Commission of the European Communities (EC DG VII - Transport) 
asked a private cnnsultaot company t o  make a report concerning Flight Duty and 
Rest Time w i t h  recommendations t o  harmonisethe rules w i t h i n  the EC States, 
with apecifie gmphasig on F l i g h t  Safety and the  Social aspectS. The report 
waa published in 1984. 

?'be ' ~ommissioa e x ~ e c t a  a f inal  regulation covering a l l  EC States t o  be approved 
by the  Council in June 1990. If so, i t  will be "law" within the  C o m ~ ~ i t ~  
witbin a maxf~un at 18 months, and a decision of that  kind vill undoubtedly 
inf lueaee the world aviation indnatry . 

Flight Saf e t v  Foundation - "Flight  Safety Digest" - September 1989 by 
T . P .  Jenset: 
Eassard Consultants, 12 Rue Jean-Janres 92807 Puteaux Cedex, Francs. 
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Conclusions 

Today we can have cockpit crews having a duty-time of up to 21 hours and no 
minim- rest time in between duty periods. Working and rest conditions of 
that magnitude must be unacceptable for passenger safety and certainly also 
for the crews involved. 

Due to the fierce competition amongst the airlines it is now more important 
than ever to have a world-wide maximum duty time and minimum rest time 
regulation. 

IFALPA is happy that ICAO, with the ANC task No. OPS-9001, has taken steps to 
work on a Flight and Duty time system. It will be ,a tremendous task, but we 
pilots are looking forward to the world-wide implementation and the experts of 
I F U A  are ready to participate fully in the work to be accomplished. 



A NEW GENERATION OF CREW RESOURCE MANAGEMENT 
TRAINING 
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INTRODUCTION 
As mast of the readers of this paper will know, the concepts of 
Cockpit Resource Management (CRM) have been around since the 
mid-seventies, and formal steps were taken to institute CRM training 
programs in civil aviation beginning with the NASA workshop in 
1979. As employees of United Airlines in  1979, the authors were 
pleased to be a part of the pioneer work with NASA, both on CRM 
and on Line Oriented Flight Training (Lon). Since that time my 
colleagues and I have been ' a  part of the development effort for 
several CRM programs developed by United Airlines Services 
Corporation and cumntIy, by Hernandez Engineering, Inc, 

In the past year the term "Third Generation" program has been 
increasingly used as a reference to the fact that CRM programs have 
shown some evolution over the last ten years. This "evolution" raises 
some questions. What exactly has evolved? What remains to be 
done? How do we best implement a new generation of CRM 
programs? The nature of that evolution and the current capability of 
CRM programs is the subject of this paper. 

' FIRST GENERAT~ON CRM 

The first generation of CRM consisted of a series of research studies, 
industry working groups, and NASA1Industry Workshops which 
produced certain themes from which the concepts of CRM were 
derived. One consistent theme noted by Lauber (19791, was pilot's 
dissatisfaction with the non-technical aspects of their training. New 
captains in particular were concerned with skil ls  like decision- 
making, Ieadership, and communication. The accident and incident 
statis tics supported these findings (Cooper, White, and Lau ber, 1980; 
Murphy, 1980). The classic RuffeIl Smith study (1979) solidified the 
belief- that much of the wide variation i n  the performance of crews in 
a full-mission simulation scenario was due to the variability in  the 
crews' use of all of their available resources, 



One of the strongest contributions to the first generation of CRM was 
an outgrowth of the Coordinated Crew Training being conducted by 
Captain Tom Nunn of Northwest Airlines. Captain Nunn's program 
coupled .wi th  the Ruffell Smith results proved the value of full- 
mission simulation as an opportunity to practice CRM skills in a non- 
retribution environment. The result was that Line Oriented Flight 
Training LOFT) actually preceded formal CRM programs by several 
yea r s .  

Finally, with the first generation of CRM and LOFT activities came the 
initial description of the major dimensions of cockpit resource 
management. Such concepts as  leadership and followership, crew 
communications, situation awareness, decision making, prioritization 
and assignment of tasks, and monitoring and cross-checking, were 
beginning to receive attention from a number of sources including 
Americap, United, and Northwest Airlines, and of course NASA. 

Put into proper perspective, the first generation products of cockpit 
resource management served to raise the level of awareness of the 
civil aviation industry at large regarding the -importance of CRM 
skills to aviation safety. The only detractor to all of this positve 
work was that even though we  talked about them, we failed to 
emphasize strongly enough, the value of program evaluation and the 
importance of using non-cockpit resources when necessary and 
available. In spite of these minor criticisms, the first generation of 
CRM proved to be a catalyst for change in the airline industry. 

SECOND GENERATION CRM 

As a result of the Portland accident, United Airlines formed a 
working group to study safety issues. Coupled with the suggestions 
of that group, the 1979 NASA workshop helped to focus the issues 
and guide the development of United's Command, Leadership, and 
Resource Management program which was implemented in 1981. 
This pioneer CRM effort involved extensive self-study preparatory 
work (prework) followed by a 4 day workshop and a 4 hour LOFT 
session. Many similar CRM programs were developed in this time 
frame, all of them structured along the same lines. 

Following the 1981 NASA LOFT workshop, the evolution of CRM took 
a quantum leap when airlines began to integrate their LOFT and CRM 
programs. This integration provided a way to reinforce CRM 
concepts in a recurrent training program. The Second Generation of 
CRM had fully arrived by the time of the 1986 NASAfMilitary Airlift 



, Command workshop. It is important ro note that one of the key 
presentations at the 1986 workshop focused on the importance of 
baseline data and the need for evaluation. of the effectiveness of 
CwmgFr* 

The 1986 workshop had four objectives: 1 )  Define the essential 
elements of an optimal CRM training program; 2) Identify the 
strengths and weaknesses of current approaches; 3) Identify the best 
ways of implementing CRM training; and 45 Suggest ways to measure 
the effectiveness of CR M training (Foushee, 1986). The manner in 
which we addressed those objectives has guided us toward the third 
generation of CRM programs. 

Define the essential elemen bs. The working group participants 
provided long lists of topics to be covered in any CRM program, 
however, the number of absolutely essential elements amounted to 
seven. These include crew communications, situational awareness, 
problem solvingldecision makingljudgemen t, leaders hip and 
followe~ship, stress management, interpersonal skills, and critique. 
mere was near unanimous agreement on these -major categories. 

Ident i fy  . strengths a n d  weaknesses. Because of a lack of 
evaluation data, this question could only be partially addressed. .It 
was agreed that most programs in existence had face validity. The 
techniques used varied from program to program, however, it was 
generally agreed that some type of academic instruction coupled 
with group exercises was the best approach. 

Identify ways of implementing CRM. The three biggest lessons 
learned were: 1) Get early and significant support from the 
management structure; 2 )  train the instructors, evaluators and check 
airmen first; and 3) conduct awareness briefings for the crew 
members prior to implementation. 

Suggest ways to measure CRM. The conclusion here was that 
effectiveness of CRM training had been judged on face validity alone. 
That is, we were providing CRM training on the skills that everyone 
agreed are the known weaknesses. There was also considerable 
anecdotal evidence from pilots, check airmen and management. 

In the intervening four years little new has been accomplished other 
than the implementation of addi tjonal second programs, 
A review'of Second Generation programs leaves us with some good 
news and some bad news. The good news is, the essential elements 



of CRM appear to be in the curriculum of existing programs and the 
techniques we use, while varying from program to program, appear 
to be getting the job done. The bad news is, evaluation isAstiI1 largely 
missing -from the programs in existence and most programs are still 
oriented' to the cockpit whiIe neglecting many of she other resources 
that- can have an impact on the flight deck. One final note from a 
psychologist's perspective is that instructional techniques used i n  
current CRM programs could be more firmly grounded in learning 
theory, for ' example, fewer instructor-centered activities and much 
greater emphasis on providing a variety of learner-cen tesed 
experiences geared to the acquisition of CRM skills. This brings us to 
a look at what the next generation of CRM programs can bring in the 
way of improvements. 

The "THIRD" GENERATION OF CRM. 

Perhaps the most efficient way of presenting ideas for improving the 
nex t  generation of CRM programs is to simply list our suggestions. 
These suggestions are based on objectives not fully met during the 
last NASA workshop, from lessons leaned over two generations of 
CRM and LOFT programs, and on the results of a recent survey we 
conducted. 

I )  Broaden the scope of CRM training to include operational 
effectiveness in addition to safety, At a minimum, involve all flight 
deck crewmembers, and to the extent possible, anyone else in the 
system who can be considered a resource. In fact, we suggest 
dropping the term "cockpit" from :he title of CRM programs. 

2 )  Surrey the popuIation you are going to train to establish their 
perception of their needs. Also, at this time let the target population 
know what to expect from the program in gefleral terms. 

3) Train the existing idstauctors, evaluators, check airmen, and 
operations management first. 

4) If possible, select and train a cadre of instructors/facilitators 
whose sole purpose is CRM training. 

5 )  Build in an evaluation program that includes program evaluation 
as well as evaluation of individual and crew CRM performance. 1s is 
imperative that the Iatgcr evaluation be non-punitive. Use the 
evaluation data to make timely modifications and updates to the 
program. 



6) Deliver the basic knowledge of CRM concepts via a self-directed 
series of lessons that first provide a model for proper behavior and 
then an opportunity for the learners to begin individually applying 
their new knowledge in an interactive environment (e.g,, interactive 
compu ter-based lessons or interactive video disk). 

7) Tn the beginning, keep the number of concepts presented to an 
absolute minimum {first time exposure to prework, workshop and 
LOFT), and provide a "rule of thumb" for those elements you most 
want to be retained. Gradually build on these during recurrent 
training. For example, you can teach the essentials of crew 
communications (basic sending and receiving .of messages) without 
requiring the crew members to remember, for example, serial 
distortion). With this heuristic approach, the number of essential 
concepts to be taught will be between five and seven. 

8) Make the workshops largely student-centered with a facilitator 
present to guide overall activities. The activities should make 
maximum use of an experiential model of learning. Within the 
workshop, make extensive use of video tape and provide time for 
pa.rticipants to view themselves in group activities. This approach 
lays the foundation for the all-important critique process. - 

9) In designing LOFT scenarios, be very careful not to force errors. 
In fact, i t  is usually the insidious problem which causes the crew to 
create major problems for themselves. To the extent possible, 
require the crew to critique their own performance under the 
guidance of an instauctorlevaluatoa. 

10) Cons tan tly introduce fresh, challenging material into the 
program. This requires planning so that the program is flexible 
enough to accept changes, 

We are currently irnpIemen ting a Crew Resource Management 
program which incorporates all of these items. In approximately the 
July timeframe, we will have a significan~ amount of data concerning 
the short term effectiveness of this training. Long team evaluation is 
also being designed into this program. If past generations of CRM are 
any measure, the next generation should provide us with answers to 
many as yet unanswered questions. 
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LA CHARGE MENTALE 
CHEZ DES 

COMTROLEURS AERIENS 

Cergonornie peut Errc dtfinie britvement comrne I'ttude de 
I'homme en activit6 de travail. EIle utilise un ensemble de 
connaissanccs inrerdisciplin aires. . . 

La physiologic, la psychologic. la sbciolcgic, imahnologic, la 
technique el l'dconornie soot les facettes qui constituent son champ 
de connaissance, mais ce qui la rend autanome c'est son objectif : 
116tudt de l'optratcur. 

Comme le dil  P.CAZAMIAN f'ergonomie veur explorer un 
objet hdrirogine : "le travail hvmain reprisente un objer composite ' 

paT excellence pt~isqu'il associe, par des liens qu'on ne geut rompre 
hommes et malCrie1su 

Cette hdtirogtniitC se sizue 3 des niveaux hitrnrchigues 
diffetents. En effet l'opirateur est un Etre cognitif et social it 
support biologique, c'es t une en ti t i  psycho-biologique son objectif 
cst d'assumer et d'assurer la finaliti de sa dche. 
Ses activi l is  cognitives et  son cornportcment doivent itre 
interprttt s A lravers Jts reprtsenia tions de different5 niveaux : 

-technique: la nature des ourils, leur mode de fencticrnnement, 
' le choix Iib i la conception du systbme technique et la filitre 

technorogique 
- psycho-physiologique; I'ttat fonctioanel de I'optrateur 

dipend de ses limites physiologiques er psychologiques 
- et hna-sociologique; la projeclion de I'apCrateur dans spn 
devtnir professionnel mais aussi I'acquisition de ses cornpitcnces 
dans les situations passtes. 

Cts diffkrenrs niveaux s'enchevttrcnt mais ils n'onr pas {e 
mime statut tpisttmotogique. 

La pratique mtthodal'ogique est u n e  probIbmarique ciinicienne 
(analogue i la pratique midicale) : elle utilise des systtmts de 
lecture se r i f k a n t  3 des champs scienrifiques spicifiques, elIe 
construit I'uniti de sa dtrnarche tn cherchant la signification de la 
situation complexe observte qui rend alars intelligibles et cohirenls 
les difftren~s fragrnenls colleclts lors be I'ttude ergonomique. 





"charge menrale de travail dont iI permettrait de d6finir une 
dchelie absoiut" . S a l t  une inrerpriiaiion ~ i f l e x i v e  des variables 
physiologiqucs permez de danncr sens aux faits observds comme 
nous l t  rnontrerons uIt&ieurernent, 

I1 nt peut y avoir de connaissances quanliiativts de 
1'astreinte;~seule unt connaissance qualitative permer la description, 
k comprthension et l'explicarion des phdnomtnes observds, De 
I'dt~de d'un phdnomtne focal nous esssyons dc diduire des his  
gtniralts. 

1.3. LES FACTEURS DE CONTRARITES - L'ASTRENE 

Lts facteun de contrainte* (srress) du rravail rant cejle de 
I'environnement que de la tiche prescrite dans son enveloppt 
organisationnelle vont se traduire pour I'optrateur par unc 
astrtinte* {strain) ou coGt psychophysiologique. 

L'itude des factcurs de contraintes est rialiste en partie par 
u n e  enqutte  technique centrie sur le poste dc travail ct 6es 
ambiances environnantes . 

- L' dtudc du posre de travail : l'anthropomdtrit siatique et 
dynamique permet de construite un poste de travail ripondant aux 
exigenccs de Ia tichc ec & la configuration anrhropomitrique des 
opirateurs : localisation des outils d a m  des zones de moindre 
inconfort. 

- L'ttudt des ambiances lurnintuses, tbermiques ei sonmes 
permet I'aminagemenr d'un environnement confortable. 

A cette Ctude technique s'ajoute I'irude des aclivites 
physiques, psychosensorielIes e t  mentales. Un double dtcrytage est 
nicessaire: en tffet l'organisarion du travail par son schema 
temporel, par la dltrCe des postes et la rotation des iquipes impose 
un cadre foncrionnel aux opdratcurs, de plus I'tvolution 
technologique introduisant de nouveaux outils de prisenration des 
informaiions, modifie les facteurs de contraintes. 
La surveillance d'informations visuelles rigidifie Ies postures t t  
entraine uns fa~igue visuelle 'par sol!iciiation persisrante de 
l'accornmodarion convagence, de plus la prisentalion sur des 
6craas lurnineux doir faire rechercher des signes d'iot~ldranct B !a 
lumi ire .  

Mais I'fvolurion technique er,, la logique des syslimes 
interviennenl princjpalernent sur la charge mentale, point qui 
sera dCveloppi u Itdrieurement. 

Interptiter les relations qui s'ttablissent entre les contrainres 
et l'astreinte doit preddre en cernple les carac tiristiques de la 
siructure humaine, les contraintes internes de fonctionnemcnt. 

(l'activitk diurne t t  le somrneil nocturne), il n'y a pas 
d'adaptation au non-respect de la Iogique du vivant. 

Quand les cont~aintes sont physiques, I'optrateur peut 
con~ouer  sa tiche aux dtpends de sa santb. Le temps devient pour 
l u i  la mesure de rouses les perturbations qu'il a reques. 
L'cspCrancc de vie traduit ce phtnom'ene. 



Paradoxalement, l'ttude dts variables dc l'astreinte dans une 
situation donnie risque de rnettre en tvidence le seuI maintien de 
la structure biologique, la distabilisation ne s'exprirne gas encore... 
QU plutdt nos mayens objectifs de l'apprehender ne sont pas 
suffisarnment pe'rtinents. 

Dans le cas des activites mentales, it nan-respect de la 
logiquc du vivant se traduit par une dittrioration des capacitds 
mentales des optrateurs; la performance n'est pas continue, on en 
observe des flucruations brutales et rtversibles. I1 y a maintien des 
apprentisssges, mais dans une siruarion nouvelle, Ieopirateur ~ i s q u e  
d'avoir u n  comporrement sttrtotypi  non adapt& au probltrne 
spEcifique posi .  Le non respect d e  la .logique du vivant est 
u n  des facteurs responsables d e  Ia non-fiabiliti des 
sgsiernes sociaux-f echniques .  

Le problime fondamental est bien l'activiri mentale, cognitive 
des opirateurs, A qnel1q lois obtit-elle? 

Historiquement la charge de lravail mental a ti4 apprthendie 
dans E'opriquc de Ia description d'dtat limite et dt l'tvaluation 
quantitative par unt  tchelle qui  ttalonnerait la dtttriorarion 
progressive de la tlche. 

La fatigue menrale est alors considirte comme un itat de 
fatigue constcutjf i un travail complcxe mettant principalement en 
jeu les actjvit ts mentales. Elle se traduit par une dCttrioration de la 
performance et des modifications de 1'Electroenciphalogramme. 

Pour PTERNITIS , GRANDJEAN c'est un t ta t  fonctionnel qui 
v a r i t .  L'tlecrroenc~phalogramme . permet d'enregistrer l"activit6 
tlecrrique du cerveau et objective cet i ta t .  

Cetle dimarche statique de "description dxtat" ne prend pas 
en compte toyte la problhatique dynarnique et qualitarive du 
probl&me complexe du mainlien de la vigilance et du traitement des 
info~rnations.  

2 - LA PROBLEMATIQUE DE L'ERGONOMIE COGNITIVE 

La structure Ionclionnellc tcmporellc de lahornme prdsenlc des 
piriodicitis "invariantts" (variations circadiennts dont la piriode 

.cst de 24 H et ultradiennes dont la ptriode est de 100 mn). La 
capacith fonctionnelle de l'homme flucrue avcc le temps et sc 
rnodifie sous I'effet cumulatif de l'acriviti. Le non-respect de 1a 
structure fonctjonnelle entraiac ]'apparition de signts de 
dysfonctionnement qui se iraduisent par une astrcinte accrue et par 
une alttration des capaci~is de traitemenl des informations. 

La vigilance esr un des aspects cette structure. Toute activitk 
menrale, foncrion differencite, oichestree par le cerveau sc rialise 
sur un fond gintral dtac1ivitC tonique qui t s t  le niveau de vigilance, 
Ct rythme ci~cadien t s t  rnodult par un rythme ultraditn; des 



phases- d'hypovlg~iance apparaissent toutes lcs 100 mn. L'ttat de 
concentration des opkratcurs dipend de I'ttat fonctionnel, c'est 3 
dire du niveau d'activitt du cerreau. Les activit6 menlales ne 
peurtnt pas .se poursuivre sans discontinuitd. Quand ces activitis 
sont passives - restitution d'un savoir acquis antCrieuremefit ou 
presentation par autrui d'un problbme- on peut ne pas respecter ces 
ryhrnes ultradiens pendant un certain temps. Mais le nun- respect 
2 ferrne de la logique fonctionnelle ~ernporelle se traduit par la 
dirtrioration des performances et des capacitts des optrareurs. Cts 
etats sant objectivis par la survenue d'ttars *paradoxauxW de la 
v i g i l a n c e ,  t t a t s  r i v e r s i  b les  el  s ignj f i ca t i f s  A 
l'iEectroenciphalogramme. 

Si la structure ternporellc peut itre violCe pqur les activiris 
cognitives syntaxiques, ce n'est plus le cas dans Its activitts 
cognitive5 simantiques.  Ces points seronr diveloppes 
u\t6rieu~tmtnt.  

L'6Fectroenc6phalogramme perme! d'cnregis~ttr I 'act iv i t i  
tlcctrique du cerveau. Les tlectrodes.* d6ectent t t  enregisfrtnt les 
ondes du potentiel 6lecrrique du cortex ctribral. Le trace. obrenu 
ptnnet d'irudier les variations doamplitude du spectre frgqutnciel. 

Les earactkristiques in tsa ht inlerindividuel l e s  

Les indices biologiques prksentent des variations 
i n t e r i n d i v i d u e l l e s .  L a v a l e u r  C n k r g e t i q u e  d e  
I'klectroenctphalogramme dtpend. de la rgsistivitt da la peau des 
sujets, cellc-ci est forltment dirpersde. 

- Le morphotype temporel est une caractCristique 
individuelle. Seule une interprCtation rdflexive des signaux 

, biologiques a un sens. Le pattern ou la fluctuation de l'indice 
observt doir are intergriai par rif€rence au sujet ~ t u d i i ,  la valeur 
absolue n'a aucune signification. Taute activitt neuronale (les 
ncurones sont Ics cellules du cortex ctribral) engendre des eourants 
tlectriques qui traversent la boitt cranienne et donnent naissance ' 'a 
dts poteni ie ls  transitoires qui peuvent dtre captts au moyen 
d'tlectrades sur le cuir ctievetu. L'activiti tlectrique des milliards 
de neurones t s t  cnrtgistrte dans sa globalit6 au moyen de 
l'ilectroenctphalogramme. L'amplitude du signal est de l'ordre de 5 
3 300 rnicrovolls. Ellt  est faire d'un camplexe d'ondes pseudo 
sinusdidales dont le spectre ess compris entre 0 et 200 Hz. 

Lactiviti de la vigilance est le niveau gCntra1 tonique de 
I'tltctroenciphalogramme, elle prtsente les "invariants" dCcrits au 
paragraphe 2.1 

Pendant I'accompl issement de tiches mentales, exttriorisk ou 
non par un comportement, on observe une variation de I'activitb 
6lectrique des groupes de neurones dans Ic cortex ciribral. Cette 
activite tlectrique pcut moduler le rythrne tonique de la vigilance, 





2.4. LA CHARGE MENTALE LES ACIIVI~~% MENTALES 

"Le terrne de charge de travail pourrail i t re  riservi pour 
disigner l'ensernble des riactions de I'hoinme au poste de travail. 
La charge de travail rCsulte des contraintes de travail mais  
dgalement des cantraintes auxquelles Se travailleur esl sournis en 
tank qu'homme" H-MONOD, F.LILLE . 

Mais comment cerner l'astreinte q u i  risulre de ces 
contrajntes? Que peur-on ddduire des variarions obstrvBts ? 
Chaque paramttre biologique dans une situation observee suit dez 
fluctuaiions lites aux contrain~es de la t5che de travail, et des 
varialions dues aux systbmes ambiants. non rnaitrisables par 
l'observateur. De plus, ces retations ne sont pas spicifiques, 
Itinterpr&tarion de ccs paramttres doit prendre en comptc les 
variations du systime arnbiant ct de la  dche de travail, de plus tes 
invariant$ fonctionncls in fluent sur les variabfes physiologiques. 
t'activitd Clecuoencipha?ographique n'est que le reflet de I'activis6 
corticale, et doii Etre comprise comme It rdsuitat de Ea confrontation 
de diffdrents factcurs : - le -niveau de vigilance du sujct, c'est A dire sa structure 
tndogkne foncdonntlle qui rkgle naturellemment les variations 
g tobales d'acdvitC 

- le comportement tvolurif ellou les aclivitk mentales (qui ne 
se manifestent pas nkcessairtment par un acie) de I'ap4~atcur en 
reponse aux exigences de Ia situation de travail. 

L'activite hurnaine traduit la notion dynamique dc processus 
mtntaux dont les caractdristiques lemporelles el qualitatives 
enrichissent la notion plus simple de charge mentale, qui peut n'etre 
perpe que cornme statique et quanritative, restreignant de cc fait 
la definition dannte par MONOD et LILLE. 

25.  ETAT DE L A  QUESTION 

Nos rccherchts antkzieures sur les activitis mentales ont mis 
en evidence plusielars ph6nomknes que nous r6surnons. 
Les activitis dc perception-action ne peuvent etre mainrenaes. en 
conrinu, La simple dtcection simple d'un signal lumineux en fonction 
du temps montre que tous Jes sujets prbentent des d4ttrioxarions 
dt Ia performance conjointes A des dksaclivations de 
3't1ectrtrenctphalogramme. L'occurence de ces 6vknements 
augmente proporrionnellemeot au non-respect de la structure 
fonct!onndle des ~ujeis. 

L'optraleur peut ne pas respecter sa structure biologique 
fonctionnelle tout en continuant sa tiche,quand il y a comportement 
passif de celui-ci: restiturion de connaissances, activitt 
psychomotrice antkicurement apprise, I'information @sen te une 
structure uniquement syaraxique. 

Dans toutes les situations oi~ il y a, soit apprentissage de 
rbgles syntaxiquts, soit cornprt5hension du sens d'un problhne ou 
d'un incident en temps rte1, le respect de la slructure temporelie 



foactionnelle devient une nicessjtt afin de permetwe aux 
opirateurs de garder lcut capacitt $e traitement des problemes. 
nouveaux. 
Mais il t s t  toujoars po$sible de sauler une phase d'hypovigilance! 

. Ces processus dlcrits sont d e s  tendances qoi deivent Efrt 
nuanctes: 1'Ctat de fatigue mentale esl induit quand il y ,a non- 
respect de la lagique temporelle de l'homme edou quand les 
activitds mentales ne sont pas de nature 21 respecter le modc de 
foncrionnement du cerveau humain. 

Dans Its activites d'un contrblcur ahitn, la fatigue mentale t s t  
pro\mqube par un travail sensoriel inlensif et prolongt, sot licitan t 
des processus cognitifs. Elle derient de plus en p!us un problhe 
dans les activit&s de c ~ n t r 6 ! e ,  le volume du trafic adrien s'intensifie 
de fason imponante et les perspectives relkrent un accroissement 
considtrable, on ptut seattendre i une astreinte plus dlevte. . 

. CelIe-ci peut influ-encer Ia qualitd du travail, menaGant la 
stcusitt du personnel volant et dcs passagers, Limpact du 
comportement du contrt~leur, risul tant du systkme de traitement 
d'information humain; donc d'une activitt ctr&brale, est par 
consequent dtterminant, 

Dans le but de caracteriser la fatigue mentale chez les 
conubIeurs atriens des tests furent tffectuis dans des conditions de 
simulation : 

- une premikre tentative fut effectute (BEEK 1986) avec- un 
systime d'enregisrrement des mouvements oculaires, des signaux 
E.E.G. et E.C.G. . Les signaux irtsent~s sous forme analogique 
montraient des variations des bandts de frtqutnce "Alpha* cntre 8 
5 12 Hz, pendant les activitts. La cornparaison des signaux E.E.G, et 
des mouvements oculaires prisentaient dcs discordances. 

- un deuxikme test (BretignylOrgt, 1987) rnoatrait des 
van'ations de la risistance dlectrique cutande inthressanles, mmais 
la mise en concordance avec les signaux enctphalographiques 
dibouchait sur des difficultis d'analyse sysf6matique dts signaux, 
en relation avec .le dtroulement de la dche et des activitis. 

- un troisitme test (Brttigny forge, 1987) sur une simulation . 
standardiste (Kennedy Approach) est analysCe au moyen d'un 
NJHONKOHDE, a permis de constater deux patterns Cvolutifs des 
riactions cir&brales, en fonction de la duree de I'exercice. 

- la  survenue de bouffees d'ondt Alpha, dont le nombre 
augrnente en foncction de la durte du rest (le test cst continu, on 
recherche "l'6tar limite d u  contrtrleur"), et qui est suivie aprts un 
certain d d a i  de signes ilectroenctphalographiques indiquant une 
rtactivation cirtbrale. Ce partern est i l  I'objeclivation d'une 
difficult6 ao maintien du traitement des informations en fonction du 
1emp.s ? 

- le changement de dominance hCmisphtriquc droite vers 
I'hbmisphkre gauche des ondes' AlphaLobtenu pendant Its pCsiodes 
de repos (avant et apr&s I'exercice traduit-il une variation des 
lraitemenls des informations en fonction du temps ? 

Ces patterns sont-ils des signes objectifs d'une fatigue 
men tale? 



Sur la base de ces tenratives I'itude du mois de mai 1988, 
O.D.I.D. II (Brktigny/Orge) fut organiste afin de confirmcr, voise 
d'infirmer les rdsultats t t  les hygothkses formulees. 

Conjointernena au receuil des donntes physiologiques, une 
observation systtmatique des contrbleurs et du travail est assurie, 
Le procidi de recueil et traitement des donntes cst analogiqve et 
numkrique avec un prttraitement des donndes pendant 
1,'acquisition. 

Les'dIccuodes uti?isCes pour recueillir les signaux biologiques 
permettent des enregistrements de longue durie (de 10 B 13 h). Les 
tlectrades pour E.C.G., E.O.G., sont h collerettes et les capteurs de 
l'E.E.G., des cupules argenties collies au collodion sur le scalp. Ces 
tltctrodes gardent une bonne adhtsion - pendant tout  
I'cnregistrement au poste de travail. 
La pfte conductrice tlectrolyticlue n'augmente pas l'imp6dance de la 
source des signaux recueillis (5000 ohms maximum pour 1'E.E.G.) 

Pour Its analyses digitales des paramhes physiologiques 
nous avons utilist: 

- 1 ttMmesure SFENA, type 1 P 06, B six voies 
- 1 enregistreur magnitique anaIogique Tandbesg, A 4 voies 

- 1 oscilloscope de contr6le 

Lcs montages des appareils sont les 'suivants: 
- un contrBIe visuel en continu des signaux biologiques se fait . 

sur l'oscilfoscope rt maneit it quatre voies, 
- les donnies tlectrophysioIogiques sont stockies sur bande 

magn6tique t t  trait6es ulririeurernent en faboratoire. L'enregistreur 
analogique B quatre voies conserve I'ilectroencipha~ogrammc 
(E.E.G.) (voit 1 et 2), l'eleclro-oculogramme (E.O.G.) (voie 3) et 
~'iIectrocardiogramme (E.C.G.) (voie 4). , 

La t6 l imttr ie  permet la transmission 3 distance des 
paramttres physiologiques et minimise la gene occasionnte 
l'op6rateur par I'cxpi~imentation. 



Elle sc compose : - d'une chaine B'6rnission qui se prCsente sous la forme 
de diffkrents modules regroup6s dans un boisier fix& 3 la, taille des 
suje~s par une ccinture 

- d'un rdcepteur qui permet de capter les signaux issus 
d t  I'tmetteur. Ce rktpseur est plact en dehors du champ d'action t t  
de s~lrveillance du sujet afin de ne pas le perturber. 
LC tableau suivant rkapitule le rCglage des diffkrentes wits : 

fi 1 me constante 
de temps 

E.E.G. SO Hz 0,03 s 

E.O.G. 5 Hz 0,123 s 

E.C.G. 15 Hz 0,7 s 

Un recueil de bonne gualirt de la frtquence cardiaque t t  des 
mouvements oculaires a itt plus facilement obttnu en raison de la 
plus grande amplitude d t s  signaux. L'enregist~eur magnttique ' 

Tandberg offre un contrble visucl des , prises d'information de 
chaque piste. La faible vi tesse de d6soulemtnt 1511 6 inls 
(2,86cm/s) autorisc une bande passante de 0,2 Hz 3t 156 Hz ct 
permet des enregistrements continus de longue durdt (7 heures) en 
ernployant dtr bandes de 1000 mttres. 

3 2. LES PARAMETRES ~LE~OPHYSJOLOGJQUES 

Les parametres ilectrophysio~ogiques Zrudiis sont les 

- L'tlectroenctphalogramme 
Les capteurs , de potentiels tleczriques corticaux, e s p a c i ~  de 6 
cenlimttres, sont fixts au niveau de la zone occipitale - voie E.E.G. 
voie gauche 1 , vaie droite 2 

- L'ilectrooculogramrne 
Lts 6lectrodes recueillent la difference de potentiel qui existe entre 
la polariii ntgative de la rdtine et cell; de la cornie. h' dipBle dont 
I'extrtmitC ntgative se trouve au fond de l'orbitt varit avtc les 
mouvcments oculaires des yeux. Les electrodes oculaires son1 placts 
sur les rempes en regard de la fenre palptbraIe privil6giant les 
rnouverncnrs latisaux. 

Les signaux E.C.G. son1 cap[& par dcs Clectrodes situ6es dans la 
rig ion prdcordiale. 





obtient ainsi un spectre dt puissance toutes les 5 s sur chaque voie, 
la moyenne est efiecsute sur 8 spectres (toutes les 40 secondes) 1e 
specire moyen obtenu est conservt sur disquette. On obtient ainsi 
180 spectres par voie pour deux heures d'enregistrcments. . 

LrichantilIonnage est 'tffectue 3. 100 Hz avec 512 tchantillons, 
ce qui conduit 3 un spectre toutes les 5,12 s. Cela permet d'effectuer 
unc T.F.R. sur 256 points par entrelacement en utilisant le fait que 
Ies points sont riels. Le spectre est calcult de 0.2 B 50 Hz sur 256 
points. On peut remarquer ici que la moyenne sur 40 secondes, 
c'est i dire sur 7,s spectres, n'est en rial i t i  effectute que sur 7 
spectres' car I'ensemble des temps de calcul, d'khantillonnage et de 
mise en mimoire est trop long. Un spectre sur 8 est "perdu". L'ttude 
i dtmarrage aliatoire d'un m&mc enregistrement a montri que 
cela ne canduisait i aucune diffkence. 

Enfin l'expirimentateur a la possibilitt d'introduire, quand i l  
le veut, une ligne de commentaire qui permet de noter le 
comporternen t des con trbleurs ez I'tvolu tion de la situation 
observ6e.. - Traifement nurnirique "in situ" en temps differ4 
Sur place Ies exptrimentateurs pcuvent lancer un certain nombre 
de programmes de traitement de spectres enregistris de f a ~ o n  h se 
faire une idie de la qualit6 des mesures et orienter la campagne de 
recveil des donnCes dans les directions qui  semblent les plus 
intiressanres. 
On peut ainsi sur chacune des voies E.E.G. obienir une 
reprisentation temporelle des bandes de friquence. L'analyse 
au~ornatique de 1'E.E.G. permet de vissaliser 1'Cvolution de IYtnrgie 
de n'importe quelle bande de frequences. Nous avons r6parti le 
spectre friqttentiel en six bandes pour IesqueIIes nous avons utilist 
la dCnomination classique des patterns de I'tlectroenctphalagraphie. 
Un indice est ici l'tnergie d'une bande de frtquences dont les boraes 
sont : 

- indice DeIta de 0,3 3 3 Hz 
- indice Thita  de 3 i 7 Hz 
- indice Alpha de 8 h 13 Hz 
- indice Spindles de 14 h 16 Hz 
- indice Beta 1 de 16 i 20 Hz 
- indice Bita 2 de 20 3 45 Hz 

Deux formes sont possibles, l'une dite norrnCe, qui ~eprtsente 
le rapport de I'amplitude moyenne du signal dans la bande 
coasidCr€e B l'amplitude moytnne sur tout le spectre, l'autre, dite 
non normte, qui reprtsen te cette amplitude moyenne directement. 

Enfin unt transformbe de FOURIER effectnke sur Ies bandes 
prtc&dentks permet la  recherche d t  pttiodicit4s tvcnluelles dont 
les pCriodes ddtectables sont comprises entre 2 mn et '30 mn. La 
litnire inferieure est lite 3 la d u d e  sur laquelle l a  moyenne est 
ehfectute (40s) et la  limite supirieure est due i la  longueur de 
I'enregistrement . 

- Traiternent en Iaboratoire en temps diffkrk. 
Les enregistrernents dlectroenciphalographiques sont analysis 

par la m&thode dicrite. Les bandes de friquences sont diterminees 
par l'expirimentateur. Cette mtthodt n'est pas sptcifjque dts  
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NTHONKOHDE, resten1 ifoca%ists sur le mEme condr6leur qbtefle qae 
soil sa fonction t t  cc%a pendant toutc %a sbqucncc, En effet, la 
rCsistivitt de %a peau, Be rnarghotyga temporel de Ba vigilance comt 
dts donnies q u i  inf1laancewa la valcur absollus dc$ signaux 
tlectroenciphalographiques, B9inserpr€taaion des rtsdaats ne pau t 
&(re que cornpararive, 

L'observatiorl dcs deux secteurs a une allrernance journaliSrt, 
dt ce fait  nous me pouvons rtcueillir que la rnoitit des cxercices de 
chaque  secteur. E'itude des secteurs n'est gas continue. 
I'Echantillonnage est bi-quotidien, Les rdsultats quantitatifs fournis 
par It systbme dr: PARIS I ,  cornme ceux qualitatifs de Cergo ne 
reprisentont dons pour chacun qu'un quaai des donnies aolaIes, 
deux contrbleurs S U ~  quatre sont ttudits.  

AUX ~ariabj l i tCs  inter ct intra individuellts rencontrdes lors 
de l a  simulation - quatre op6raleurs sg&cifiques sonb ttudies 
pendant chaque sequence, Bes donctions aux posoes contrbleur 
osganiqut t t  contr81eur radar ne sont .pas systimafiques - s'ajoutcnr 
les variations dues 21 la gr~bldmarique de la sirnularion. 

Lors dc la simulation deux systtmes d'organisation sont Qesdts, 
dc plus, deux types d'exescices s ~ n ' t  effectuts. 
La tftche de travail t s t  qualirarivement diirirente cntre organisation 
I el organisation 11. 

Corganisation I repose sur unc dtmarche exalicide entre lcs 
coordinatears organiques contr6lant les stcfeurs a6n"ens. 

k'organisation II senvoie A une dimarche irnplisite. ke 
coatrblcur organique secevant uat proposition d t  prise en charge 
d'un avion penvoie un message de co~tdinatioa au contrblelnr 
organique -qui a tmEs la proposition quand il y a pasbl%rne. 

La charge da travail est diffirente pour les .contr6leaars 
organiques entrc o~ganisatian 1 et organisation XI. 11 y a mains de 
communications entre les contrbleurs organiques en organisation IT, 
2 Ba prise en charge d'un avion, i1 y a une pent de Ja acdondanct de 
I'information, 

La tiche du contrBlcus radar est rhd~riquerncna idenrique en 
organisarion I et en organisation TI. 

A cettc difftrence. qualitalive observie o'ajoaatens dts 
variations quantitatives de la adchc entre les niveaux 2 2  Si It 
nombre d'savioms est relaaivcment stable durant I'exercice, ceIui ci 
ts l  diff&acnt pour chacun d'eux. Tkeosiquemenr, dix avions sont 
sous csntrdlt pendant I'cxercice 32, quinze avions pour '$3. 11 y a 
une augmentation 1inCaire de la charge de travail qut laon peut 
assimilcr an nornbrt d'avions de l'cxercice. 

De ccs faits nous voyans que les situariois observges son1 
raremeno identiques. 

Aprts unc periode rhlorique d'apprentissage lors des 
"'training"" les opiraleurs vont faire des e x e ~ d c t s  rnesuris de la 



simulation. La premiire stquence comprend 5 "training"" et 5 
exercices mesurts. 

La deuxiime stquence comprend 5 ""training"" et I2 exercices 
mesuris. 17 exercices sur 32 privus ant &ti tttenus, le crittre de 
silection choisi est la durie : I'exercice de simulation doit etre de 
I'ordre de 60 rninules. 

Le lableau ci-dessous ricapitule pour chaque exercice le profil 
spicifique de la rgche de travail des optrateurs lors des deux 
stquences (op6rareurs ktudits  par Paris I ) .  

S t q u e n c e  1 
OPERATEUR BRUXELLES I (3 extrcfces mcsurks) 

poste de contrtfletlr radar organisation I niveau T2 
' poste de contrd1eur radar organisation II nir tau T1 
poste de contr6ltur radar organisation I1 n i v t a u  T3 

OPERATEUR FRANCFORT I ( 2 exercices mesuris) 

postc de cantr6levrradar organisation 1 niveau T3 
poste de contrBIeur radar organisation I1 n ivesu  T2 

S C q u e n c e  2 
OPERATEUR BRUXELLES II ( 5 exercices mesuris ) 

posle dc contrdltur radar organisation 1 niveau  TZ 
poste de contrdleur radar organisation 3, niveau T2 
poste de contr6ltur radar organisation I niveau  T3 

p0.s tc de conts6leur organique organisation 11 
niveau  T2 

poste de contrbleur organique organisation II 
nivcau T2 

OPERATEUR FRAWCFORT 11 ( 7 cxercices mesurds ) 

poste de cuntrbleurrsdar organisation I1 n i v e a u  T2 
poste de conrrdleur radar organisation II n i v e a u  T3 
postc de contr6Ieur radar organisation II n iveau  T3 

poste de con trBleur organique organisation I 
n iveau  T2 

poste de con tr6leur organique organisation I 
niveau T2 

poste de con trtleur organique organisation 1 
niveau T3 

poste de contrdleur organique organisation 11 
niveau T2 

4.3. LA TACHE DE TRAVAIZ- LES ACTIVJTES 

Nous avons pr6senr6 les diffdrents profifs ~hioriques de la 
tiche dc travail. 



L'obstrvation in situ lors de la recherche a montre Ia 
ngcessite d'une ttudc approfondie des activites de travail dts  
opirateurs. LYquipe de chaque site a prtsentb des diffrirences 
comportementales et d t s  strattgies optratoires qui varient en 
foncdon du type d'organisation et de I'apprentissage dcs opdrateuss. 
Seules Its plus cxplicites ont pu &[re relevkes en raison da la 
mkonnaissance du rnttier de contr6leur aCrien. Par exemple, nous 
avons constati dans une des sequences t t  seufement sur un des 
sites que certajnes dtcisions opiratoires ktaient donnCes oralcment 
au conrr8lcur radar par le contr6leur organique en organisation J ,  
ce comporlement n'existe pI us en organisation II.  I1 est , tvident que 
daas ce cas les activitis de travail du contrdleur radar et du 
c a n t r g l e u ~  organique sont differentes de ctlles attendues. Cttte 
perturbation like au dtrogations i la  rtgle, volontairement choisie 
par les optrateurs, rnontre qu'il est vain de croi~e que deux 
situations sont thtoriquemtnt identiques et justjfie la dtmarcha 
eagonomigue. 

La descriptian de Ia tdche de sravail sat paijuge en rien dcs 
activitis ritlles des opirateurs. 

D'autres perturbations exttrieures A la simulation ont 4t6 
renconudts. La survenue de visileurs ct des diaIogues txpIicasifi 
donnCs gar les contrdleurs ont perturb6 Ics t5chts dc travail des 
o@rareurs, donc en finalit6 ieurs activj~Cs mentales. 

De ce constat nous prdsentons une description analyaiqlsa de 
chaquc situation. La dimarche est ~linicienne : de 1'68ucle de cts 
cas locaux nous  allons rechercher des invar iants  
dectrbphysi ologiques dont I'in nclljgibili 16 renvoic 3 la connaisrance 
des activirts mentales des opiaateurs, activili  q u i  modulena une 
"porteuse" dont se nom est vigilance, 

t e s  activjtis des opiraleurs i tant  visuelles, re choix EEu recueil 
des deux voies de I'iIeclroenc~phaIogramme se situent sur les zones 
occipitales droite et gauche en regard du bord sugrieur de I'oreilIe. 

Nous ne prCsentons que lles variations des indices Alpha (8 B 
12 Hz), B6ta I (16 i 20 Hz) et Btta 2 (20 5 35 Hz). kts 
comparaisons s t  font entrt la vaseur de l'indice de la voie droite et 
la valeur de I'indice de la voie gauche. 

Ces variations relatives permettent 
- d ' i l i m i n e r  I'effet d e  l a  v i g i l a n c e  s u r  

l'CIectrotnc4pha~ogramme 
- de ntgliger l a  r6sistivitd ~p ic i f ique  de la peau des 

ogCrateurs qui influe sur la  valeus absolue d t s  signaux. 

- d'ilirniner Its artdfacts lies I'activitt muscufaire qui 
garasitent I@: signal 3 gartir de 20 Hz, loactivit6 rnuscuitairt est 
gtngraltment symbtrique. 



Apris le clack du dipart de la simulation vingt rninures 
s'tcoulent environ avant Ifapparition des avions sous conts6le. La 
rnontCe en charge du synkme cst de l'otdre de 10 mi~ures.  Les 
rrente dernizres minutes prisentent u n e  tfche dc travail 
relativemtnt stable. 
Le schtma ci-dessous rtcapilulle la situation : 

Nb 
avions - - - -  

clock 

Pour chaque exercice sont prisentEes fes vaiaiions des index 
Alpha Bisaf et Btta2 de la  voie droite et de la voie gauche pendant 
Its rrente derniircs minutes. 

Sont nottes par riftrcnce les variations des indices Alpha, 
B h l ,  Beta2 pendant 5 minutes pris durant la piriode d'attente Lc 
comportemenb des opgrateurs est ici plus aleataire ; ils ferment om 
ouvrenz tes yeux, partent, rient, bougcnt, fument ou consamment 
des boissons., 

5 - DESCRIPTION ET INTERPRETATION DES 
RESULTATS 

ANALYTIQUES 

L3 valeur des indices CIectroencCphalographiques traduit la 
variation de la bande de frtquence considtrit. Nous prisenlons les 
rtsullats des indices alpha Bital  d BCp2 pour Ia voie gauche (I) et . 
la voie droite (2).  

Lz d i s a c ~  ivation c6rbbrale se traduit thCoriquernent par 
1'augmec:z;ion des ondes alpha et la diminution des ondes 3Cta2. 

- La dominance tnergdtique de la bande Alpha chex les 
opirateurs au repos sur l'himisphkre droit ne semble pas dtre 
confimde. En effet, neus ne la retrouvons que dans 3 cas. Dans 8 cas 
les indices ne sc diffkencient pas, dans 6 cas nous a w n s  une 
latdralisation htmisphkrique gauche ( le seuil retenu t s t  de 5% ). 

: - L'itude comparative des variations des indices Alpha, BttaI, 
.BSta2 enrre les cinq premieres minules et les trtnte dernikts 
minutes de chaque exercice met en evidence: une diminution de 
l'indice alpha el une augmentarion des indices Bt ta l  t t  Btta 2 
pendant les trente dernikres minutes et cela pour 9 exercices sur 
17 .  



- h'ous ne trouvons pas de relation tntre 3cs ~voluticrns ttmporelles 
des indices alpha, BCtal et Btta2 et les variations des flux akiens. 

- La "perre des irriages" n'est pas objecti;&e 2t 

I'ilectrwnctphalogramme mais nous avons trop peu de cas. 

- Chez les  contr8Ieurs organiques no6s constatoins ant  
pripondirance htmisphtrique droite de I'indice Btta 2 quand ils 
regardent 1'Ccran dcs contr6Ieurs radar et cela est systtmatique. 

Conclusion 

" Le'non-respect des invariants temparels" 

La dttirioration de la performance associie i des phases 
d'hypoaclivation de lWE.E.Ga n'a pas pu itre retrouvie lors de la 
simulation. Les optraleurs travaillent pendant 40  minutes et -  cela 
oreis fois par jour, ,on ne peut pas trouver d'effet sumulatif de la 
durie  du travail, les exercices htana suivis de longues phiodes de 
ricarp6ration ; les variations dc I'activirb c6rtbralt oraduisaat Ics 
phases naturelles d'hypovigilance oaa ctlles induites par le no$ 
respect de la structure fonctionnelle n'ont pu etre objecaivtes. 

Quand Ics contrbleurs organiqpes observent l'&csan radar, 
apparai t conjointemcnt une pr6domirianct la6rnisphCriqua droite 
des valeurs knergttiques des ryrhmes rapides. 

Cornparaison avec les rtsultats des simulations antirienres. 

Concernant les signaux snalogjqnes en temps r6el 
NIHONKOHDE nous n'avons pas pu mtltre en evidence Ies 
hypotheses formulCes aprts la  simulation Kennedy Approach 4 
apparition de boimffees d'ondcs Alpha suivies d'uaa hyperacthit6 
des rythmes Beta) .  De mCme la variation hCmisph6rique dts ondts 
Alpha au repos n'est gas relrouvte. La structure temporelle des 
tests O.D.I.D. I I  ne peut mettre en evidence la dktdrioraaion 
ternporclli des capaciris de traittment des cphateuas. 

5.  2. Fr6qguence cardiaque 

La fdquence: caadiaque moyennt  par exescict cst dt 86,5 
battements gar rninute.(balmn) ce qui reprtsente une augmentation 
de 11,2 brfmn par rapport 5 la Priquence de repos. 
Les variations inter et in t ra  individuelles sont relativemen t 
importantes (frequencc de repos 1a plus basse 60 btfmn, la ,plus 
t l t v 6 e  %QO,bt/mn, les friquences moyennes dcs txcacicts 
a'ttagcnt cntra 75 btlmn t o  106 btfrna). Les valeuas obfewuts 
reprdseatena une charge cardiocirculatoire faible. 

Les augmentations instantanies (dfc = 13,2 ba/ma) $one 
frtquentes. Elles caractCrjsent Ies activit4s dts cootrbfeurs plantarrs, 
el peuvent elre in!trprdlies cornme l a  charge de I'astreinte forsqu'il 



faur riagir 5 un signal auditif ou visuel. Nous avons constate ce 
phinarnkne 3 plusjevss reprises chez les tiliphonistes et les 
tt5iigraphistes. , 

La diffkrence entre la hausse de' la friquencc cardiaque chez 
les contrdleurs radar et les conrrdleurs organiques est significative 
(p = O,Ql), quoique relativement faible (dfc = f4,37 - 9,39 = 4 9 8  
btirnn).  

5.3. Tempdrature cutanie 

I1 n'y pas de varjation significative au cours de l'extrcice ce 
qui  esz normal vu les conditions climatiques du Iocal. Un 
augmentation de 0,5' a Cri consra16e lors des diffirenles stances 
avec un cas exceptionnel de 1,36O le 25 Mai; pour lequel nous 
n'avons pas d'explication. 

5.4. Resistance cutante. 

Des ennuis techniques l i i s  i ,)'tquipement du systkme a 
entrain& I'arrdt des mcsures. 

6 ETUDE DES VARIATIONS HEMISPHERIQUES PENDANT LES 
TRENTE DERNERES MINUTES DE L'EXERCXCE 

Les comparaisons dcs indices ctrtbraux Alpba et Bgta2 se . 
font entre la valeur de l'indice de la v o i i  droitt t t  Ia valeur de 
rindice de la voie gauche. La valeur relaiive permet de ddtecter la 
Iatiralisation himisphirique de 1'ClectroenctphaIog~amme et de 
rccbercher Ies situations ob elle apparaii. 

6.1 Etude des valeurs relatives alpha-Beta2 

Ces valeurs relatives ivoluent en sens inverse pour 13 
exercices sur 17. Les amplitudes dt variations sont de meme wdre 
de grandeur pour 12 exercices. 
Chez les contr6teurs du secteur de Francfort la va leu~ relative de 
I'alpba 'est suptrieure i la valeur ~eIative de Btta2 pour 6 exercices 
sur 9. 
Le schima suivant prcsente les variations de la valtur relative de 
l'alpba et de Beta2 obrenuts chez les opdraleurs durant Ia deuxieme 
s6qutnce ( F.13, B.11) soit de la 6irne situation 3 la Ilkme, 
Ce schima montre que nous ne pouvons itudies les diffirencts 
d'apprentissage entre les opirateurs du secteur de Bruxelles Ouest 
et ceux du secteur de Francfort Est, ni  voir de difrerences tntre les 
organisations, les situations sonr temporellernent trop disparates. 
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Les indices relatifs Alpha t t  Bdta 2 tvoluent en sens inverse sauf 
pour la situalion 10 et la situation 13. - Situation 10 : Ic contrdlcur crganique (0) css sur le secteur 
BsuxeHes Ouest Its deux indices sont negatifs mais leurs valeurs 
sont uts faibles; 

~ l ~ h a =  0,02 Ddra'Z = 0,W - Sirvation 13 : le contrbleur radar (R) est sur le sccltur de 
Francfort Esr: . 

Alpha = 0,001 Bita2 = 0:019 
La valeur des indices rclatifs Alpha er Bi1a2 son1 nerIement plus 
impo~lants chez its contr6ieurs du secleur de Bruxelles. 

6.2 ETUDE-CrES VALEURS RELATlVES B&TA~ 

SI SuJet 1; 52 Sujel 2 . 
C. 0. c:R;.- 

, '  

La valeur relarive Btra 2 est formncnt  posilive pour ,,6 
cxtrcicts sur 8 chez les ccn~rbleurs du secteur de Bruxelles Ouest' ; 
fa moyenne t s t  de 0.2, 
Tous les posies de con~rdlcurs radar on1 uric vrtIeur selalive'Dil~i2 - 
p o s i ~ i v s .  

Pour les deux exercices 05 ces valeurs'sont m~ins'jm~ortantes, 
les conosblturs prtsenrens des s i g n ~ s  de lassitude, confirmes A 
I'iaterrogatoire. 

Aux posses de contr6Jearrs organiqucs la pr6dorninance 
hCmisghtriqlae dsoite t s t  rctrouv6e quand IDopCrateur rtgaadt 
I'ktan du .contrbleur ndar, ct quand, il discute de la simulation 
avec dcs visiteurs. 



La valsur relative Bbta2 chez les concrtileuss du secteur de 
Francfort Est cst faible, Ia moyenne est de 0.04. 

I1 n'existe pas de diffbrence entre les contrBleurs organiques 
et 1ks conubIeurs radar. Sepl un conlraleur radar en organisafion 2 
a un indice  ela at if de 0,14. 11 discute sup sa dche de travail. 

Les contrBlturs radar de Bruxelles Ouest prtsentent une 
pridominance hCmisphCrique droite de l'indice Bdta2, ce 
phinomene n'est pas retrouvG chez les conts6leurs radar de 
Francfort Est. 

Avons-naus objectivt 3 l'tlectroenc~phalogramme une 
diffdrence d e  trairements d'informations ? nous ne pouvons le 
certifier, mais Inhypothtse nc peut plus ttre exclue. 

7. DESCRIPTION ET INTERPRETATION DES R ~ S U L T A T S  
ELECTROPHYSIOLOGTQUES NIHONKOHDE. 

Le traitement des signaux biologiques est fait par analyst de 
FOURIER. La reprisentation esz visuelle et d'aspect tridimensionnel. 
Aucune interpretation quantitative ne peut Etre donnte. Le mode 
paniculicr de reprisen tation u t i l i s i  prjvjligie Ia mise en dxidence 
de la survenue d'un hinement, d'un pattern, aux dipends de 
I'interpriration dcs phinomknes continus et €volutifs. - 

RisuItats concernant les contrbleurs de FRANCFORT. 
-Le contrBleur FRANCFORT I .  

Dcux exercices sont stlectionnts selon 'le critkre retenu. L'excrcice. a 
une d u r k  de 60 mn environ. LC sujet est au poste de contrdleur 
Organique en organisation 1 pour le premier, en organisation JI 
Pour le second. 

- Les images de l'tlectroenc~phalogrammt montrelit u n t  
augmentation tnergetique dans les bandes de frdquences tlevtes 

1 et Bdta 2 (15 A "30 Hz) au niveau de I'htmisphbre gauche. 

-Le contrbleut FRANCFORT 2. 
7 exercices sont s~lectionn4s. - Les images de l'6Iectroenctphalogramme montrent une 
augmentation 4nergEtique dans les bandes dc frCquences tlevdes 
B& I en Beta 2: 

- a D  niveau de l'htrnisphbre gauche pour les trois exercices du 
20 Mai alors que I'opbrattur est au poste de contrBltur radar.. 

- au niveau de IVh&rnisphke droit pour Ics trois exercices du 
25 Mai que I'opirareur soit au poste de contrdleur radar ou 
organjque. 

L'exptrimenrarion est quelque peu perturb€€ par l a  pre'sence 
de visiteurs: ?e contrdleur aCrien discute , fait des photos et prend 
un certain plaisix B provoquer vofontairement I'apparition dbodes 
alpha en fermant les yeux, 



- La dotiinante htmisphiriquc droite pour les sythmes 
rapides est rnoins nette le 27 Mai alors que Ie sujet est au poste de 
contrdjeur organique. 

La domiaanie hdmisphCrique gauche est trouvic dans cinq 
txercices sur neuf. Les perturbations de la simulation doivent Eire 
prise en compte dams I'analyse et I'interpri5tation de ces risulrats. 

Re'sultats concernant fes contrgteurs de BRUXELLES. - Lc conubleur BRUXELLES I. 
Trois exercices sont ~Clectionnts . Le sujet cst au poste de 

cantrBIeur organique. Les images ilectrotnctphafographiques ne 
montrent pas de dominance htmisph6rique droire dans les rythmes 
rapides. 

- Le contrbleur BRUXELLES 2. 
Cinq exercices son1 stlectionn&s. Le sujet esr aa posre de 

c~nrrbleur organique. pour trois exercices Les images  
&leckroencEphalagrapbi~ues rnontrent une dominance: 
hirnisphirique gauche dans les ryrhmes aapides. 
L'opirateur est au poste de conudleur radar pour deux exercices . 
Les images ilectroencdphalographiques montrens une dominance 
htrnisphisique gauche dans  un exercice. Les images 
kleci~oenctpbalographique de I'autre exercice mon trtn t des 
bouffees inrermitientes des ondes ragides dans htmisphire droit. 
La dominance htrnisghtrique gauche est trouvit au cours de quawe 
cxercices don t trois au pclste de contr6leur or ganiqut. 

Conclusion 
kes risultats obtenus par lle systbme NIKONKHODE ront dans 

le meme sens que ceux lrouvZs par Ie traitement numtrique 
prhddent  (PARIS 1). I _  

A FRANCFORT on retrouve unc dominante himisphtaique 
gauche pour 1es rythmes rapides quand les situations nc sont pas 
pertu~bkes. 

A BRUXELLES les conti61eun &ens sont six Sois sur huit au 
poste de contrbleur organiqua ; alors on n'obsmt pas fa dominance 
hkmisphirique. droite des rythmes rapides qui est trouvh chez tcs 
conudleurs radar. 

8. CONCLUSION 

Les variations' dt I'tIectroenc~phalogramme ne sont pas 
artifactielles, une inicrpritation logiqve a tb4 donn& cas par cas, 
mais aucune validation statisrique n'est possible : il y a 17 exercices 
mesuris et aucune situation ne peul Elre comparde i une autre : les 
opkateurs, les posies de travail, les processus d'apprentissage, la 
prCsence ddt visiteuss en trar'nenr trop de disparitds. 
Pourtant les risultars trouves ouvrent des perspectives ts poseno 
dcs inlerroga~ions fondamentales. 



Les contr6leurs radaristes du steteur dt ~ r u x e l l e s -  Quest prgscntent 
u n e  prtpondirance htmisphtrique droite de l'indice Btta2. Ce ' 

rtsultat n'cst pas trouvt chez les contrbleurs radaristts du secteur 
Francfort Est, il niy a pas de domidance hCmisphtrique. 

' 

Lts contrbleurs organiques ne prtsenten t pas de dominance 
h i m i s p h t r i q u t .  
Les contrlrleurs organiques du stcttur Bruxelles Ouest, quand ils 
regardent l ' i cran radar, prtsentent conjointement une 
augmenratian de I'indice B i ta2  sur I'htmisphbre droit et c t la  est 
systimatique. 
A ce constat objectivC mais non valid6 statistiquement, les donnies 
acquises en neurophysiologie proposent de fournir une description 
syrnbolique des acrivites mentales des conts6Ieurs. 

La tLche de travail des contr8leurs radar est diff6rente de la 
t fcbe des contr6leurs organique&. 

Les activitis de lecgure d'Cfiquenes de vol tcrites en Iangage 
formel" sesaient i'appanage de l'h&nisphtre gauche., Cette lecture est 
sequentielle et analytique. 

Les con~rdleurs radar de Bruxt1l;ks n'assument pas leur tlche 
dt navail comme ceux de Francfort, Its activitds mentales sonr 
diffirentes. A Bruxelles la perception de I'espace atrien semble itre 
globalisante., activitt de I'hCmisphtre droit Les stratkgies des 
opkrateurs sont d ynamiques, multitarmes et rkfkrent plus aut mode 
de prist de decision, $ une activitd mentale auto-crkatrice, 
heuristique, I1 y a anticipation dans It ttaitement des vols, les 
contr6leurs sembltnt maitriser le temps. 

A Francfon, la stparation de I'espace abrien en couloir 
unidirectionnel pcrmet un rephage des voIs airiens sbquentiel, 
madrialis$ par la distance sur I'tcran entre deux avions. 11 y a 
optimisation d'un processus mental qui repond une lagique 
algorithmique plutbr rigide, activitd de I'hirnispllirc gauche. Les 
opdrateurs semblen t Etre dipendant du temps. 

Nous avons pu ttablir une pzsserelle cnlre un domaine 
phbnomtnal donnt, les indices i~ectroenctphalographiques et une 
explication symbolique des traitements des activitts mentales, mais 
cette passeretIe n'est pas du dornaine de la causalitb. Nous awns 
mis en rapport deux modes d'explication distincts, ils ne peuveno 
&re rtduits I'un I'autre. 

L'analyse des tlectroenciphalogrammcs ne permet pas de 
d&gager .une  suite de relations d e  cause i effet qui peut expliquer 
Its phtnorntnes ctribraux sous-jacents aux trai temtnts des 
informations mentales. Mais en soulevant le couvercle "de la boite 
naire", elle souligne !a complexir6 ctribrale que des modiles trog 
sirnplistes ont tendance i occulter. La cognition est une dimension 
csstntielle dans la comprehension des activites des optsateurs, elle 
n'est pas que r&soIution de problkmes, elk est aussi .activitC 
autonome au to-cr&atrice. 

L'CvoIution technique en simplifiant 1es activitts des 
op6rateurs ne va-t-elle pas ii I'encontre de sa finalit6 qui  est 
d'assurer une meilleure fiabilitC du sysltme ? sans sipondre avec 
certitude i certe question, le choix des logiques rechniqucs influence 



les aclivirts mentales. La "sur-opira t i  v i t t "  des opirateurs ne 
risque-t-elle pas de se faire aux depends de la plast ic i~i  ctrebtale, 
c'est 3 dire de la capacitt d'apprentjssage, donc de Ia performance it 
long terme, 

L'interprttation neurophysiologique du dialogue hornme-ordinateur 
permet de rtfltchir sur les pis~es suivanres ; 

- comment  se constitue le savoir' opiratoire ? A quels 
ptwwsus mentaux fait-il rtfirence ? comment ivalue-I-il ? 

- 3 I'Ctvde de changements des traitemen~s des informations 
tn fonction de la durEe du travail ea des variations qualitatives el 
quanritatives de celui-ci. 

- ?t I'irnpact des choix technologiques sur le' trairement de's 
informations, 

- h la fiabilitt du syst6rne hornme-ordinateur quand on est. en 
situation usuelle et lors de la survenue foriuioe d'un incident, 

- 3 la recherche de modkles dc traitement de I'infomation se 
rtferant -h J'asymthtie cir6braIe. . . 
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Ilposene- m m  o n p c  n o m a x  , mornpmepHo ,qm E% pecnomeHToB 

cTonmoeenne d u o  H ~ O ~ W H E M  M OHM ne npeplnp~~man~ HHKFLKISX #ep #pi 

ero npe#o.raparqeHm. O c ~ m b m e  pecboyqeHlru OTMeTrntI noswee o6~apyxe~~e 
nposona, xoraa nparrrmeem ne ocTasanocb speMem m mnomeme ynpasrra- 
nrqm a e f l c ~ ~ ~ i l  mn ero snmoaHeaHe tie npjaTspaTmo e~ontkioeenm. AWIMB 
CTpyK~ypkd C T O J I K H O B ~ H ~  CBweTeJ'IbCTByeT,"rlTO OHH H B H ~ O J ~ ~  W C T O  npQHCXQ- 

ART nowe sbwomen~sr pa3 aopoTa, T. e. B T ~ X  CJIPBFM, mrna JI3fl Haxonwracb 
B none nepm&pwec~oso 3pe~wa w He mcngwmuacn nmolroan a m m o .  

~ ~ O C T ~ T O W O  qaCTO CTOJIKEOBeHWI l7pHCXOPJIT Ha B3JETe H D O C q K e  T . e . 
B Tex caryvm,  Kosga e n m s t e  nnwolra cocpenoleosem Ha m v r o ~ m o f l  3waue . 

H K O H T ~ B B  38 B W O ~ I H ~ H P ~ M  AonomMTenbHm ycnoaHfi HeAoeaaaoveH Arne npM 
He3HaYHTei?bEOM ycJIOEleHH% YCJ~OZM &?RTe!IbHOCTII. 

P w ~ o o B _ ~ a 3 ~ e  R P M W  CTOJIKHOBeHHR E C J131I ~ p e 6 y e ~  ~ ~ ~ O T H H  VHBep- 
cUhHUX R ? o @ W I ~ K T H ~ ~ ~ X H X  hfeponp~lsT~8. all0 MOWT 6barrb ~ M O T K ~  C p a C T B  

s ~ y a p ~ ~ a 6 m o 8  C H P H ~ M ~ ~ ~ H H .  ~ B W D I ~ I I  B B P M ~ H T  ~ P K M P O B K H  lBn B M e c T a  

H H T ~ H C H B ~ X  ~ D J I ~ T O B  eepToneToB. C~vr~an du H ~ O ~ X O A M M M M ~ ~  eHcxmaTb mewe, 
B O ~ M O ~ O  wa HeKmopm csreqnuaclroa cnopHoe, 06 a @ $ e ~ ~ ~ s n a c ~ w  c ~ e g c ~ s  
pmpuaa npoEoao8. Ee3ycnoeno npMelMJreMoe m~ p a 3 p ~ ~ s  npmofioB ~edonbrnc r~  



C e V e H N l ,  OH0 MOXeT Oft23aTbCR HenpiiFOw AJIII IIpegQ~~panlem An WM p a -  
puse nposofia 60JIbmoro CerZeHm. Ho Tame pemea~e MoxeT dmb n p m o  B pe- 
3yJibTaTe O ~ H ~ O K  B QqeRxE AsleMFTp EpoBoga. Bonee TQFO, Q ~ H ~ K M  MOI'yT B03- 

HMKaTb IlQ WVMM IIpMWKW, T .K. TWeHeHW 3TOFO cn0c06a T P ~ ~ Y C T  JVeTa 
M JlJyTMX @XTOPOB: CKOPOCTH RDACTB, VJIa T a t i P W ,  yl'm CTOJSKHOBeHHR C 

nponogoM B saxe ~ C C T O ~ M ~ ~  Mew ono-pm JI3ll. He H c K n m e m  0 ~ x 6 ~ ~  ncHxo- 
fIOrKWCKOP0 KOHTeKCT8, T . K . nMJIOTY ne06xogmo nPMHflTb OC03HaEMOe pemeHMe 
H, T ~ M  m, ~ ~ T O ~ M O ~ H T ~  p@ne~t~opme ~ ~ B C T B H H ,  HartpasnemMe Ha npeAoT- 
BweHT3e CTOJlK.AOBeHHff . X ~ ~ T X O B ~ ~ M ~ ~ H E R  PaCTe;?e,%OCTB MOZBT CTaTb TIpMVH- 

HOfl B Q 3 H R K H O ~ H a R  bn, 
~ o ' F M ~ C ~ ~ W H ~  BepOEeTa- npOSJ@CC WOXHQ~~ M C ~ I O ~ H I I ' P ~ ~ ~ I ~ O ~ ~  AeRTenbHDCTM 

qeJIoBeFra, ~ p e 6 m ~ f l  El)bmeHHhM H n p l l 0 6 p e ~ ~ ~ W M X  C K O C O ~ H O C T ~ ~ ~  H HEiBKKOB, 

KOOJJJ(EIHalJHR A B W R B H ~ ~ ,  COP$3MePHOCTM H TOWOCTM MX BkUlOJIHeHKFI. O C O ~ ~ H H Q C T Y I  
CTpWTypH, @OphfllpoBWM~ HaBHKOB BbItIOJIHeHKq COBMqeFAbM AefiCT~Mfi YI HX p- 
pYlSleHW3 B 3KCTpeMaJrbHarx yC3OBm M3y9eHhl eqe H~OCT&TOYHO.   TO CynleClrSea- 

HO O W E 2 e T  B03MOXHQCTb WiaJIE13B O ~ M ~ O K  IlKlIOTApOBBHMB II He n03BOILReT 

c03gaTb Ham0 o ~ o c H D B ~ H H ~ ~ O  CtrCTeW nOArQTCBKH JZeTHOFO COCTma K f lef iC~- 
aam a ocobtrx cnlryaqwz noxelra. 

P e s ~ ~ l e  pe@e~~opnbie a e t f c ~ s w ~  nrpaKllr box- porn B a ~ a p ~ k - s o c ~ ~  nep- 
Toneros. Om MOW 6mb q e ~ 1 e c 0 0 6 p ~  nmb B JQKOM mana3oHe cu~yarl~t4, 
eo~m~mqm npM oTKa3e T~XHMKH u ~pedyqm clcadtur~3qn npocTpcTseI.r- 
HOFO IlOJIOteHIMII BepTOn€tT&. 30 BCeX OCTmbHbnc UlyvaRx pe3KMe ABKZeHKA MO 

r p  paccMmpisamm HaK omUow~~e, sbnMame  paccornacoeme B @ore 
cnnosoil ycrmosxn A HecYigero mHTa sepToneTa np$ioirone~e ~a w s r x  encoTav 
IcaxHe o m b ~ ~  o c o d e ~ ~ o  HeAonycTma, T.H, ~ B O T  npaRTmecm He pacnoJraraeT 
BpeMeneM ,LW DaptrpoBatim aaamwm w ~ e - i i ~ o ~  M ~occ~esrosne~m nop~mh~ot9 
padolru AeMrarenR M Hecyqero amTa. Hapyme~~a T O H K O ~ ~  K Q O ~ ~ H H ~ A  ynpaerrm- 
w a e A c ~ e ~ t i , ~ e m a  nepeMeqermR n copa3MepHocTm f i eme~~R c o c T a s m  ocHoa- 
srylo KaTeropHlo om60~ nnnoToe sep~one~oa . kc ,mans ~ 1 0 3  B O ~ ~ T  wenam euaoA 
YTO B OCHOBe MHOFHX H3 HIlX IICXlIT HWOCTaTOWOe XtOHMMWe l l ~ O T 8 h W  3 a K O H O B  

n p a ~ ~ ~ ~ e c ~ 3 t i  &pO.QMEaMI.iKM BepTOJIeTa. ~ E H H O  3TMW Mo~RHO O ~ ~ C H I I T  b TOT @:i~ 

YTO HeKOTOPhle IIHJIOTB P E b C C M B T P K B ~  PC3BMe ABmeHHIi O P ~ 8 H 8 M M  )lIp&BlIeHHlI: 

AIwCTBWHO BD3UOXHJM MeTDAOM A O C W e H H R :  ~ K C W b H h M  XaPKT@PMCTHH UeB-  
pMpOBW. Qrmr6~tr M O T  O T w ' P b  WBeHb ~ ~ C C I I O H B J I ~ H O ~ ~  nDST IOTOBEUI JET- 

HOFO COCTaBa H IIOEBJLIITbCII B HBAOCTaTOWOH grtIeTe O C O ~ ~ H H O C T ~ ~ ~  YCTD$~MBDCTM 

a ~ ~ B J I I I ~ M O C T B  BepToaeTa Ha ~ J I B Y H ~ I X  B ~ I C Q T ~ X  H C K O ~ Q C T E ~ X  aonem, axcnnxy 
aTazplDHHMx P ~ + M ~ @ H H B ,  BHeMHHX yclr0 BMR, XapKTepHCTHK ITpHebiHCTO CTE BBHFE- 

Tern  H 38IIEiWUMII W B J I e H M f i ,  IlpaBWl n H J l O T H ~ O B W M  IIpH B03HHXHOEeHMM 

a o 3 ~ ~ m  aoqeiIc~a%$i n T . A . .  

n~~~'f%rtFi ~ C L l e ~ D B e ? W l  H M C5~e?P,lrbC?ByeT 0 ~ E E ? U M T ~ ~ . ' I S H O ~ ~  N J l H  OmH- 

6 0 ~  BOCIIPMRIW B BOaMTtKOEeHbiB o m 6 o ~  mOTMpOBamzA. Orw6sn B oqewKe yfla- 
nemocTtl,sacoTu nonelra n puepoe n o w o w  r n o m o ~  HepeAKo ~ c ~ p e u m -  
csr y tieftocraTormo n o m o T o a n e m  nmolroa. 3 x c n e p r n e ~ ~ ~  nomalr,   TO 

60~1bme om6m 0 OqeHKe BMCOTM A O f l y C K W C R  npkl IIOJIeTaX ~ @ ~ O P M ~ H T R P H O ~ ~  

noac~mmqefl nosepocTbw. Bmomewe waoporros npn saxoAe Ha nocquy 



be3 ~ O J I X H O F O  KOHTpOJr% BMCOTM n0 pBaHOBbiCDTOMePY, MO%@T ~0Rp080;498Tb~% no- 
~epeR BMCOTH n rrp~~eclrw K cTonwoeeHnro c noaepmocmm 3em~. T ~ K M ~  cnyqalz 
He e&HHHWibI. 3 npKTMKe JTOiTeTOB n HMX MOZReT OTY~TAMBO IlpOIIBJSTbCR TeH- 

ae.xpix x " sapsrsmm " eepToJreTet B npoqecce emomem lreBoro pa3aopoTa 
be3 g o c ~ a ~ o t ~ o r o  nonTporrrr aa cxonme~~ern* n o ~ e p ~  B M C O ~  s D T ~  cnyrlam 
sIacTo OcTaeTcR ~e3ahl.eueHHoR nmoTaMM ns-aa Henpaammoro pzcnpegerreHHR 
B K W H R  H OTCVCTBHR BBBMMDF,~~~CTBHR: WieHOB 3KiUTB;fita. B EqHTpOne IIMnOTaKHhlx 

nacmelrpop. 
~ O ~ H T I I B H O ~  OTxorneHHe ~WIOTOE K B P C O K ~  Maieapemm x a p m e p ~ c ~ ~ l ~ m  eep- 

TOaelrOB O ~ Q ~ H ~ E @ C T H O .  Eonee TOFO,  MMeHHO B 3TKX XapKTepMCTHB8X MHOrHe 

nmom BWT ~ a ~ 6 o n e e  npHeneKaTenaHyle c ~ o p o ~ y  c ~ o e m  npo~cc~oiianbnoEt AeH- 
TCXLHOCTH. HO AaneKo ne m e  ~3 ~ r c c  npeAcTaBnm, q ~ o  MaxcMManbnoe mnonb- 
~ O B B S I H ~  nmoTmmx B O ~ M O ~ O C T ~ ~ ~  ConpmeHo c npoxenestreaa ocode~1foc~ei3 EI 

~ e ~ d b l l ~ ~ h ~  noBeAemeM Hepaonma npH Bmoge Ha KpMTwecmie ~ f , K O T O g b T ~  

CTBBRT H ~ ~ O C T B T O ~ O  no,qroToBnemoro numa B o u e m  cnomoe noaoxeam, M 
eIl$Z!- . MeHbmaJI rIBCTb ZllllflOTOB 3Hat?T, 9TO B 3TMX YCnOBIlRX CTWOBXTM B03- 

M O ~ W  Henpemwepemue M Henpaambme ~ ~ R C T B M R  ~H&I~KTOPHOR II~HPOAU, 

KoTapHe M o r p  R B M T ~ C X  I Z ~ H ~ I M H O ~ ~  An. h s e c ~ ~ o e  onaceme amMaasT yKopestre- 
meecs cpsnr. vacw neTmro CocTeLBa mes~e, mo n p ~  nonwax na a~anm n cpg-  
HHX BHCOTKX y nmolra ecTb a p m  ~a npmrne penemu M HcnpBneme orn~~borr, 
A mmb npeffenmo Manble swlcora MmespMpoawwR ti Hannme npna~c~eMA orpa- 
bIMWBW B03MORHOCTM nltnOTOB. ~ ~ o J I ~ T H  Ha M-hE BbTCOTm IIpeffbffBWT IIoBbl- 

memrbre ~ p e b a s m ~ ~  He TonbKo K KasecTey nwxoTHpoemwR. Odacneve~~e Beaonac- 
HOCTM nOAeTOB CTEWOBHTCR BOSMOIRHMM ngH JCJIOBHK 3HaIiHR ~ K c E I J I ~ T ~ M O H H ~ I X  

0 r p K H ~ e ~ ~ f l  kl HX 3BBACHMOCTH OT W J I H W T b R  @KTOPOB. ~ U ~ O T  ,QOEKeH npegBA- 
gem sowomacTa Henpwwepemaro sarxona aa o r p m i l e m R .  hawo p e ~ b  
no noEe,qemn sepmneTa pacnosHaTb n o 3 ~ ~ m e e  oTwroHeme w caoespeMewo 
onpenenmb nopqqoK ewomema H ~ O ~ X O H I ~ M ~ ~ C  A ~ ~ ~ c T I ~ H R .  Bbmene~lle Taxm @K- 
- ~pos namenercn eameibeff aaqauen sme~epno-ncrrxono~mec~o~o manma npn- 
VHH BO3HKKHC)B~HWII O I I I I ~ ~ O H  JK&THOCO COCTBB8. 

C T ~ T H C T X K ~  a e a p ~ f h o c ~ ~  sepTolreToB cBweaelrbcTByeT o pacnpocTpme*mocrM 
omfoow r rmo~o~  npu smonraemw nocagox Ha n o g o B p m p  c eosayca nnoqagq. 
f iocrarawo WCTO  TO MQFP ernb OIIIM~KM B o q e ~ f ~ e  BHCOTH B CDWTZHHR e HE- 
n p a e x + n m  pemexwehl: no adopy  MeToAa sastlcawR: a soHe earturwr%a s e s ~ o i 3  
IIOJI,JTLlKH W I M  BEE ee. M T ~ T O M  O ~ ~ O K  BBJIRBTCR ITOTepR OPH6HTMpOBKH B CHeXHBM 

B%?M minezoU amge. P q  HeyzEtwx ncceoK conp.meE c H ~ ~ O C T B T O ~ ~  preTo31: 

X a F K T @ p  ~ K W H P ~ @ & ~  ITOBe,QXHOCTW H ee J'KJIOHOB. Bbmomen~e ITOCWOB DO 
BepTOneTHOMy M O l e T  COlTPOBOX$q&TbCR O ~ M ~ K M  Tma p 3  KOFO YBeJIHYBHE1ff JTJIB 

T a r t r a m  ~a ~ e x m m y  donee 10 rpqycoe nocse s ~ ~ e ~ e ~ w r  sepT0naTt-i ~3 p n a  
nxampoaamE, 3~egrknwoe yaearme~~e ~ n a  T a w -  ~ ~ H B O ~ M T  K Y C T ~ O B X ~  

HE iT0ROZXTeb;bHble )Tn31 &TERM 14 POCTJC W0 060~0~08 ?lpH C $ P C ~  M O Y D C T H  

ABHTaTeneR. f l p ~  aaseWemM e W B m a w n n  HZ-aa ~ H C T ~ O F O  WemrneHm cKopoe- 
TM B P40MeHT OTKXOH@HWI OT ceda HaiMHea3T IINaTb O ~ O ~ O T M  H 803HMKaeT 

~ o n p 0 ~ 3 ~ 0 n b ~ o e  cameme ae*moneTa, conpoaomaweecrr nopot4 paopolrow 



H3-3a IIafteHHR TRrM PB. ~ ~ c H X O J I ~ F U W C K ~ R :  HellO~FOTDBneHHOCTb m P T a  K TaKOMy 

p m e ~ ~ m  C O ~ ~ P T M ~ ~ ,  KBK npastt~o, conpo~oxg8e~cll: s q e _ m ~ o A  c ysenmemeM 
obwero mara nec;qero BmTa. Pes~oe A s a n o 3 ~ a o e  ero nepehaeqeme bs0xe.r r r p -  

* m m m u .  seem K negeTSGgenem FIB co ~ c e w  a.scesamqmK OTCW nocxeq, 
C O ~ H ~ H M ~  ~ H ~ ~ T ~ J I ~ H ~ L Y  JTRDS ~uraxa  Ha nocwxe nsmeTcR op,~oR 113 npM- 

VW3 ~ O B p @ ~ e H H l i  PYJIeSOrO BMHTa BepTOneTa. P & ~ I ~ ~ o c T ~ ~ ~ I H o ~ T ~  TaKMX CJryTE- 

ee B npaKTtIKe 3~cnnyarazy~w seproneTos o6qe~3 e e c ~ ~ a .  A ~ a ~ r n a  noKmarr, YTO 
rrponcxolqqemie om608 ~ E Z ~ I O T O B  B onpe,qenemott bcepe MoxeT 6 m b  C B R ~ W  c HB- 
pymeHtreM y c T m o a n e w  npam no s w e p a s m m  BMCQTU H c ~ o p o c l r ~  saxons ~ i a  
IToCwKy li HCnOltb5QBaslHeM WJM H&M~QR@C B@@KTMBHO~O CSIOCD~B TmeHHR nOCTy- 

naTenbHol C K O ~ D C T I I , -  TopuoxeHEtR Eiecyqm BHHTOM. Boamxanqee npM 3 ~ 0 ~  MH- 

TeHCHBHOe onycxwue X B O C T O B O ~ ~  ~ ~ J I R M  He HCF-VIIlrIaeT noBpqqeHHR: PB 0 lTpHIRTC- 

~ a w r  B pa30~e nocqowoi? n n a w a u .  
T ~ K O B M  HeKOIOpble TKtIUWe l'I0 , Hall!eMy HHeHHJl, IlPHrMHM O ~ E ~ ~ O ~ M ~ I X  & ? f t ~ ~ -  

BMR nMII;OTOB BePTQJleTOB , C03P,-8 ~ A E ~ F O I I ~ M T H M ~  YCJIOBKFI JtJR 303HMKHOBeHKq 

~ B K ~ ~ O H C I I I ~ C T E U ~ ~  R -8HTOB. b k ~  ~ W ~ ~ X T M K M  AOllXHH OCHOBUBBTbCII H8 

3)f-II RHnOTaMM apHW 803HEIKHOBeHHA O ~ M ~ O K  H Y C Z O B X ~ ~ ,  cnoco6c~syqm trx 
BO3HHKHOBCHMD. 
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Special C i v i l  Aviation Detachment 
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Grakhovaky, Deputy Commander, Flight ~ivision, Leningrad 
Amalgamated Aviation Enterprise 

Gruby, Chief, Supervision Department, State Inspection, 
State Commis~ion for  the Supervision of Civil Aviation a light Safety 

Gurtovoy, Chief, Scientific Research, Moscow Machine Building Plant 
"Skor~st" 

Hvatov, Deputy Head o f  Medical Department 
Ivanshenko, Test Pilot/~light Inspector, Research and 

Production Association " V z l e t W  
Ivochkin, Deputy Chief, Scientific Technical Centre, 

Ministry o f  Radio Industry 
Kalchenko, Deputy Chief, Academy of C i v i l  ~iiation 
Kalinovsky, Deputy Director, State  Scientific Research 

Inst i tute  fo r  Civil Aviation 
Kanres, Researcher, Leningrad ~eusological Institute 
Karataev, Expert, Ministry of Civil Aviation 
Karlov, Chief Research Officer, ATC Automation Scientific 
Experimental Cent re 

Karyoukin, Chief, Scientific-Technical Division, 
Mascow Design Department "Compassn 

Kashtanov, Deputy Chief Designer, Moscow Machine 
Building Plant "Opytw / 

Xein, Chief of the Chair, Academy of C i v i l  Aviation 
Kolchanov, Chief of t h e  Department,   in is try of Civil Aviation 
Koleanikov, Flight Inspector, Educational ~nstitutions Department, 

Mini s t ry  of C i v i l  Aviation 
Korovkin, Deputy Executive Secretary, USSR Commission for ICAO 
Kostikov, Chief  of the Department, State Scientific Research Institute 
for C i v i l  Aviation 

Kouklev, Deputy Chief, Academy of C i v i l  Aviation 
Kourlin, Test P i l o t  , K i e v  Mechanical Plant 
Koutnyak, Chie f  Navigator, Latvian Civil Aviation Department 
Kouznetsov, Test P i l o t ,  Moscow Machine Building Plant "Ilyushin*' 
Kouznetsov, Chief of Division, Sc i en t i f i c  Research I n s t i t u t e  

for  Radio Electronics Systems 
Kouznetsov, Senior Research officer, ATC Automation S c i e n t i f i c  
Experimental Centre 

KriZyuk, Moscow ~achine Building Plant  "Opytw 
Kritskov, C h i e f ,  F l i g h t  Division, North Caucasus C i v i l  Aviation 
Department 

Kryzhanovsky, Chief, Academy of Civil Aviation 
Lapa, Research officer, C e n t r a l  Scientific Research Aviation Hospital 
Leshevich, Chief Expert, General Department o f  A i r  Traffic C o n t r o l ,  
Ministry of C i v i l  Aviation 

Levitsky, Deputy Chief, Kirovograd Civil Aviation Higher Flying School 
Linov, C h i e f  of the Sector, ATC Automation S c i e n t i f i c  Experimental 
Cent re 

Livshunov, Chief S p e c i a l i s t ,  Ministry of Civil Aviation 
Lopatin, Chief Engineer, Research and Production Association "Skala" 
Ma karov, Deputy Chief, Science Branch, K i  rovograd Civil Aviation 

Higher Flying School 
Malinin, Research Officer, Central  S c i e n t i f i c  Research Aviation . 
Hospital 

Malinovsky, President,   light Service Association 
Malutin, Chief, Research Seetion 
Mayorov, Chief of Laboratory, All-Union Scientific Research Inst i tute  

for Radio Equipment 
Medvedev, Design Engineer, Moscow Machine Bui ld ing  Plant  'Tlyushin" 
Meerovich, Chief of Laboratory, F l i g h t  Research ~ n s t i t u t e  
Milyavskaya, Senior Researcher, Civil Aviation Research Institute 
Kironov, Senior Research Officer,  Flight Research I n s t i t u t e  
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M, Miroshnichenko, Deputy Chief, State Commission for the Supervision of 
Civil Aviation Flights 

0. Misilevich, Research Officer, ATC ~utomation Scientific Experimental 
Cent re 

S.  Mokhov, Chief  Specialist, State Cormnittee for Standards 
V. Mokshanov, Deputy  Chief, Science Branch, ATC Automation 

Scientific Experimental Centre 
V. Morozov, Chief of the Sector, State C o d t t e e  for Standards 
N .  Nikulin, Chief of the Chair, Academy of Civil Aviation 
A. Orkin, Chief of the Chair, Academy of Civil Aviation 
V. Osinin, Chief of the Flight ~ivision, Domodedovo Civil Aviation 

Production Association 
V. Oulybyshev, Deputy Chief of the Department, Ukrainian Civil Aviation 

Department 
V. Outoplov, P l i g h t  Inspector, Vnukovo Production Association 
V. Ovcharov, Chief of the Division, Commission for the 

Supervision of Civil Aviation Flight Safety 
V. Parkhimovich, Chief of the Department, Minis t ry  of Civil Aviation 
A .  Peregon, Navigator-~nspector, Research and Product ion Association 

"Vzlet" 
A .  Predtechensky, Deputy  Division Chief, Cen t r a l  Aero-hydrodynamic 

Institute 
V. Presnyakov, Flight Service Association 
N. Razsolov, Chief of the Chair, Medical Institute 
V. Rjevskyi ,  Director, ~nternational Civil Aviation Training Centre 
V. Rogozin, Chief Engineer, Flight Research I n s t i t u t e  
R. Rstakyan, Chie f  Expert, Ministry of Civil Aviation, 

C o d s s i o n  fo r  IATA 
B. Ryzhenkov, Executive Secretary, USSR Commission for ICAO 
V. Savoshkin, Academy for Foreign Trade 
A. Sereda, Head of Department, Kiev ~ e c h a n i c a l  P l a n t  
G. Seregin, C h i e f  Designer, Production Association "Era" 
V. Shelkovnikov, Chief, General Department of Air Traffic C o n t r o l ,  

Ministry of Civil Aviation 
L. Sherbakov, Chief  of the Division, ATC Automation Scientific 

Experimental Cent re 
G. Shishkin, Flight Inspector, Central Department for ~nternational ~ i r  

Services, Flight Navigation Division 
V. Shoustov, Deputy Chief, Educational Institutions Department, 

Ministry of C i v i l  A v i a t i o n  
V. Skorkin, Chief of t h e  Sector, S t a t e  S c i e n t i f i c  Research Institute for 

Civil Aviation 
V. Skripko, Chief Expert, Ministry o f  Civil Aviation 
V. Slady, Expert 
V. Soldatov, Chief of the Division, General Department of F l i g h t  Service, 

Ministry of Civil Aviation 
N. Sousov, Chief Specialist, Ministry of Radio Industry 
N. Stolyarov, Chief o f  the Division, ATC Automation Scientific 

Experimental Centre 
Y. Tarshin, Chief of the Division, General Department of F l i g h t  Service, 

Ministry o f  Civil Aviation 
M. Tereshchenko, Chief, General Department of F l i g h t  Service, 

Ministry of Civil Aviation 
A. Tere~hkin, Assistant Professor, Kiev Institute of Civil Aviation 

Engineers 
I. Vasin, Representative of t h e  USSR on the ICAO Council 
A. Yakovlev, Chief, Aktyoubinsk Civil   via ti on Superior Flying School 
L. Yankovsky, Chief of the Division, Research and ~roduction Association 

"ROUS " 
V. Yeroehin, Deputy  Chief Designer, Kiev Mechanical Plant 
V. Zatonsky, Chief of the Chair, Academy of Civil Aviation 
V. Zhikharev, Chief of the Division, All-Union Scientific 

Research Industry for Radio Equipment 
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ICAO TECHNICAL PUBLICATIONS 

The following summary gives the statws, and also 
dpscribes iu general terms the conlents of  he various 
series of iechttical publications issued By rhe Infer- 
national Civil A viation Organization. It does no/ 
include spciaIized pub fications that do not fall specif- 
c d y  within one of the series, such us the Aeronautical: 
Chart Catalogue or the Meteorological Tables for 
International Air Navigation. 

lnternmrtional Standards and k o m ~ n d e d  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 w 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, the 
Council has invited Contracting States to notify such 
differences in addition lo those da t ing  to International 
Standards. 

Procedures for Air Navigation Services (PANS) are 
approved by [he 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 i s  considered too detailed 
for incorporation 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 foflo wing publications are prepared by authority 
of the Secretary General in accordance with the 
principles and policies approved by the Councilil. 

Technical Manusls provide guidance and infor- 
mation in amplification of the International Standards, 
Recommended Practices and PANS, the implemen- 
tation of which they are designed t o  facilitate. 

Air Navigation Plans detail requirements for facili- 
ties and services for international air navigation in the 
respective ICAQ Air Navigation Regions. They are 
prepared on the  authority of the Secretary General on 
the basis of tecommcndatians of regional air navigation 
meetings and of the Council action thereon. The plans 
are amended periodicalIy to reflect changes in require- 
ments and in the status of implementation o r  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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