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FOREWORD

This document is a verbatim transcript of the proceedings of the Fifth
Human Factors Workshop held at the Mike Monroney Aeronautical Center in Oklahoma

City, Oklahoma, on July 7-9, 1981. The Sixth Human Factors Workshop was held
at the same facility on July 7 and 8, 1981,
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SESSION 1
(July 7, 1981)

MR. DEMPS: Good morning and welcome to Oklahoma City and the Mike
Monroney Aeronautical Center. I'm Benjamin Demps, the Director of the Aero-
nautical Center, and I'm pleased to host such a distinguished group of profes-

sional visitors to the Center for these two seminars.

We are combining for this greeting and for some of the later activities
the participants of both the Human Factors workshop on maintenance and the
Human Factors workshop on aviation medicine. I'm sure you know that the
benefits to be derived from your separate but concurrently happening seminars

will be of great benefit to the aviation industry.

I also noticed that your programs refer to the Fifth Human Factors Work-
shop on Biomedical and Behavioral Factors and the Sixth Human Factors Workshop

on Aviation Maintenance.

This indicates then a continuing effort in each of those separate
endeavors, and I'm pleased to see you joining us at this time. The research
at the Civil Aeromedical Institute is of vital importance to the agency, the

Department of Transportation, the aviation industry and the public.

During your stay here, you will be presented information on the multi-

faceted mission of the Aeronautical Center.

By the way, at any time during this, the period of time that you'll be
here, if there's anything that you wish to do at the Aeronautical Center, if
there are any meetings that you wish to have with any of the people here at
the Aeronautical Center here, please, let us know. We will readily and

quickly accommodate your needs.

I would like to introduce some of your host members. First, Dr.
Reighard, Federal Air Surgeon, Office of Aviation Medicine, Federal Aviation

Administration (FAA), and John Harrison, Director, Office of Aviation Safety.

The next two gentlemen will be speaking to you in a few moments, Mr.
Walter Luffsey, Associate Administrator for Aviation Standards, FAA Head-
quarters in Washington; and Mr. Luffsey will be talking about human factors

in aviation medicine.



Dr. Robert Dille will open the session for the workshop on biomedical
and behavioral factors. Dr. Dille is the Chief, Civil Aeromedical Institute.
So once again, welcome to Oklahoma City Aeronautical Center and I hope your

meetings are fruitful. Thank you.

MR. LUFFSEY: Good morning. Let me add my welcome to our fifth and
sixth workshop on human factors. I am also delighted with the turnout that we

have. I am impressed with the professional distribution that we have.

I apologize that we have to do two of these at once and create the split
sessions. But I also wanted to add somewhat of a note of finality to the

continuing workshop and dialogue that we have had in this kind of setting.

I was somewhat concerned that this could protract over a long period of
time and I do have some program commitments and I get the feeling that perhaps
we haven't really articulated well what we planned to do with all this informa-

tion we've been acquiring.

So T would like to talk about the process that we plan to follow. I
don't want to imply by what I said that we want to stop the dialogue, just the

formal setting that we had been using since November of last year.

It was our intent to try to cover a range of topics that have been
associated in some way with human factors and I might add immediately that I'm
not sure that we all have a common definition of human factors and I can't

proffer one.

So I challenge you perhaps even to give us a reasonable definition of
human factors. Our only point was to cover a range of subjects that have
been mentioned and have been associated with human factors, whatever it's

defined as.

What we have done is that starting back, I believe, in November of last
year, we tried to cover a set of panels and a subject area which effectively
involved transport category operations, recognizing in full that the general
audience would have an opportunity to discuss any facet related to human

factors at any time.

We followed on with that a second workshop in January, and there we
tried to put our focus fundamentally on commuter aviation. We nad the op-

portunity to piggyback on the commuter symposium which was being held.



Following that, in March, back at the Transportation Systems Center, we
held another conference workshop and at that conference we tried to focus on
some of the Air Traffic Control (ATC) issues and particularly part of the
helicopter operation. There was an expression early on that we had not really
focused as we should have on helicopters, either manufacturing or operation.

So we tried to accommodate that in a workshop setting.

Following that, in May, at the Technical Center in Atlantic City, we
hosted a workshop under the good graces of Mr. Yulo and his arrangements. We
were able to focus specifically on the ATC function and its interface with the

total system.

That was the first real session where we structured in detail workshop

sessions, although we have done "something like that in the previous setting.

Today, we elected to join two subjects recognizing there is some disparity.
On the other hand, I mentioned earlier that perhaps joining maintenance and
medicine might not be a bad idea. If you look at me and my size and shape and
things like that, I've got some things to learn about maintenance. But the
subjects, though separate here at the Aeronautical Center with this wonderful
facilit*. provide an ideal opportunity to cover both the aviation medicine

side of the human factors issue as well as the maintenance side.

Again, I do not want to take a lot of time. If I can get through in a
hurry we can get quickly to the work of the workshops. I challenge you to
present everything you can to us. Now let me tell you what we want to do with

everything that you present to use.

Some time back we decided that we would have an oversight group for what
we call, "human factors," that I would probably chair that group, and that we
would have full representation from within the FAA and the National Aeronautics
and Space Administration (NASA) and the Department of Defense (DOD) ,

essentially an all-government oversight group.

That oversight group would receive the benefit of the input on all of
these workshops and their representation of what is being done in NASA, in FAA
and in DOT. Ncw, if there's something that is not being done which has been
presented to us, then obviously we want to show that and show where it would

fit in the structure or a reason for not doing it if that's the case; or,



perhaps at a minimum, the prioritization of the work effort in the human
factors area for everyone in the government who is involved in aviation human

factors work.

The task force that we have established in FAA consists of representatives
from all of the organizations who have been arduously pouring over the details
of all of the workshops that we've held and will also follow on this workshop

to do the same thing.

I hope to bring together the steering group as quickly as I can with the
objective of developing a representative program in September. If I can bring
the oversight group together -- and let me tell you the constituents: I will
be chairman of the steering group, which will include A.P. Albrecht, the
Associate Administrator for Engineering Development at the FAA, and James
Costantino, the Director of the Transportation Systems Center, as well as
representatives from the Department of Defense and NASA and the Associate

Administrator for Air Traffic and Airways Facilities at the FAA.

Externally I have not yet asked or had a determination from NASA. I
expect to do that in the next couple of weeks. There will be a new associate

administrator coming in.

That is where our request will be levied. And from DOD, frankly, we have
not asked yet for participation on the oversight group and basically the
reason for that was we were waiting for the output on the task force study., The
Presidential commission, now that we have that in hand, my guess is I will
probably go to General Howard Leaf and ask for a suggestion from him as to an

oversight participant.

So that is the constituency of the group. There have been some sugges-—
tions that perhaps we should call on a couple of outside generic organization
representatives -- perhaps the National Research Council or perhaps the Flight

Safety Foundation, and that's still under consideration.

At any rate, as quickly as I can pull that group together and as quickly
as Guice Tinsley and Cliff Hay can pull together the information that has been

acquired here and present it to that group, I will do so.

We will then follow up with, time permitting, a listing session where we

call selected Washington organizations together, present what we have found



and ask for any input: Have we missed anything that was intended to be pre-
sented in all of these workshops? And from that session, I would expect to

lay over the existing programs the areas of activities identified through the
workshops and again try to structure a program which addresses as many of the

issues as we can within the resources available to us.

And as I said, in September you folks will know exactly what we intend to
do in the program. Obviously, we will remain open to comment on a continuing
basis. I would expect then after we initiate such a program, or restructure
our existing programs as appropriate, that we will be coming back periodically
to report progress, and during that entire period of work and whatever that
time frame turns out to be, the oversight group will have some purview over

the activity.

The intent is, we want to respond to the community's requirements and we
want to do it in a responsible way. So we need you, we need your input, we

need your participation and I ask that you give it freely.

Thank you again for being here. I appreciate your taking time from your

busy schedules and thank you again for hosting us. Thank you very much.

MR. DEMPS: Dr. Dille, Chief of the Civil Aeromedical Institute, will say

a few words and after his talk with you, we'll be breaking out to our sessionms.

DR. DILLE: Although of limited interest to those of you attending the
maintenance workshop, I would like to welcome all of you to the Civil Aero-
medical Instutute, or CAMI. The Aviation Medical Development Center was

established as a part of the Aeronautical Center in 1946, 35 years ago.

While that name did not stick (it was changed the following year and
several times in ensuing years) there has been a continuity of programs, and

until recently even a continuity of some of our staff members.

We have, just for this meeting, come up with a 20-year cumulative index
of research reports from here. It is in the jacket of those attending the

biomedical workshop. If there's anyone attending the maintenance workshop who

would like a copy, you can obtain one on request.

We also, subject to availability of them, have individual copies of
research reports that you can obtain from us this week and either pick up or

have mailed to you.



Also if any of you attending the maintenance workshop have any specific
areas of CAMI you'd like to visit, please let us know this evening at the

social hour, at lunchtime, or sometime today.

We have no general tour for all attendees that has been set up at this
time. CAMI's been involved in, and its predecessor, CARI, Civil Aeromedical
Research Institute, has been involved in aircraft accident investigation for
the last 20 years and we feel this is perhaps the best method of identifying

possible aviation safety problems.

The medical certification branch of CAMI processes over 500,000 applica-
tions for airman medical certificates each year. We get enough questions
raised in that program alone to keep our staff busy answering the questions
that are asked on different medical conditions, and different medications that

come on the scene.

We have in that program a huge data base that contains, for example, over
5,000 monocular, or one-eyed pilots and this is more active one-eyed pilots

than most of the countries in the world have total pilots.

We have been able to analyze this data base for a number of things,
including accident rates for various physical defects, and for guidance on
the frequency and content of physical exams; others have attempted to identify

pesticide-related cancer and stress in air traffic controllers.

Occupational-related accident rates of physicians are a favorite target
in that latter type of study. We also receive in CAMI the medical portion of
accident investigation reports. Those of you working in cabin safety are

familiar with Donell Pollard's data base and her cabin safety workshops.

We have an industrial hygiene program that's active now with asbestos,
PCBs, headset test tones and other noise complaints. There's an education
program for both physicians and airmen which includes medical seminars for our
8,200 designated physicians, an accident investigation course for medical
officers, and also in conjunction with the Air Force, the Navy, NASA and soon
the Army, an active physiological training program for civil aviation

personnel which ranges from free to twenty dollars in cost.

So I wanted to let you in a little bit about what CAMI does, and if

we can answer any of your questions while you're here, please contact any



of our staff. I think they're fairly liberally sprinkled among your attendees.

(RECESS)

DR. DILLE: The primary purpose of the workshop is for you to tell us
what the critical human factors issues and biomedical human factors areas

are and thereby help us assign priority for our work.

We are not requesting additional resources and not asking you to help
justify the same. We will, as promised, spend one and a half days listening
to you; but you were warned in your letter from Mr. Demps, a letter of invi-
tation, that first we were going to tell you about some of our past accomp-
lishments and some of our current activities as a basis for the discussions

which will follow, particularly tomorrow and into Thursday morning.

Our first speaker on this session of FAA presentations is our Federal

Air Surgeon, Dr., H,L, Reighard, from Washington, b.C,

DR. REIGHARD: Thank you, Bob. Good morning. I'm going to make a few
remarks by way of background relating to civil aviation medicine efforts in

the human factors area on the part of the Federal government.

I will talk a little bit about the history of biomedical and behavioral
factors efforts. T will list some of the accomplishments of FAA civil
aviation medicine research and then I will talk briefly about some of the

things I see as still needing to be done into the future.

I don't expect that I will make any particular revelations to you;
rather, I would like to give an overview with regard to what we have viewed,
and what we do view in the future as significant in this particular special-

ized field.

I would imagine at this point that a great deal of the work that came
to have a civilian flavor had some of its origins in the military field.
Aviation medicine, as a matter of fact, started with military efforts and I
will mention that briefly in my comments on the history. We are fortunate
today to have with us an outstanding spokesman for the military aviation
medical research effort, Colonel George Mohr, the commanding officer of the
Aeromedical Research Institute of Wright-Patterson Air Force Base. He will

be speaking to you later.



I guess the first physician to fly was De. John Jeffries. He was in a
balloon that traversed the English Channel in 1785 and I'm told -- I can't
corroborate this -- that the pilot of the balloon midway considered having
to jettison Dr. Jeffries because he was losing lift. The only way the pilot
felt that he would make it across was to get rid of his "baggage" and this
probably started the struggle which has existed between medical people and
airmen and engineers and physicists and so on throughout the history of

aviation medicine.

By 1875, the first life support equipment was in use. This was probably
the oxygen equipment that was used throughout the 1800's, with balloon flights.
The first aviation medical examinations were given to U.S. Army and Navy

aviation personnel in 1912.

Early in World War I, England concluded that about 90 percent of her
casualties in aviation operations were due to, quote "human factors.'" It was
their determination, after accident investigations and attempts to reconstruct
circumstances surrounding selected accidents, that there should be some kind
of medical requirements for aviators. They did institute such a program and
the casualty rate was reduced significantly, and attributed to the fact that
there were specific criteria for the selection of those people who flew.

The U.S. adopted many of the British specifications for aviators when it

entered the war in 1917.

Now, the civilian part of aviation really came into being, as far as a
coherent effort to regulate and provide specifications, with the passage of
the Air Commerce Act of 1926. And by the end of December, 1926, a set of
medical standards had been developed by the first Chief of Civil Aviation

Medicine, Dr. Louis Bauer.

Those standards were in part, as you would imagine, fashioned after the
existing military medical standards. The focus was primarily on special
senses, vision and hearing. Dr. Bauer set up a system for the application

of medical standards.

He chose to go the route of designating private persons to assist in the
medical assessment and created a core of designated aviation medical examiners.
This system was implemented in 1927 and was fully operational at least by the
early 1930's.



The 30's saw some other significant developments relating to human factors.
One was the establishment of a maximum flying hours per month rule for airline
pilots. The first biomedical research effort was established in 1935 by the
U.S. National Bureau of Standards, and a special committee for aviation

medicine was established in 1936.

The CAA, Civil Aeronautics Administration, predecessor to the FAA, estab-
lished a medical science station in Kansas City at one of their regional
offices. This was the first U.S. Government civil aviation medical research

facility.

In the eérly 40's, a good bit of the civil aviation medicine effort was
applied to the beefing up of the United States' potential to support the
growing military effort. The so-called 'Civilian Pilot Training" program pre-
occupied the CAA not just in medical, but in other areas as well. Around the
mid-40's, physical requirements for air traffic control tower operators were

also established.

As Dr. Dille indicated, the Civil Aeromedical Research Laboratory,
called by another name, was established here in Oklahoma City in 1946 at the
then existing Aeronautical Center. It was moved to Ohio State University in
1955 and back to Oklahoma City in 1958. It was then called the Civil Aero-
medical Research Institute. In 1965 it was joined with three other divisions
of the Office of the Civil Air Surgeon and became the Civil Aeromedical

Institute as it's called now.

During the period of the 50's, some of the changes that occurred in-
cluded specific research on medical standards for aviators and air traffic
controllers, and the development of crashworthiness criteria as the result of

the impact research done here.

The Office of the Civil Air Surgeon was established in 1959, now called
the Office of Aviation Medicine. The age 60 rule for airline pilots was
promulgated in 1959. This all coincided with the creation of the Federal
Aviation Agency, now Administration. We also had the first major revision of
the medical standards since those established by Dr. Bauer in 1926. 1In 1959
we established specific standards for the major diseases of significance to

civil aviation medicine.



Beginning around 1960 and continuing, the FAA has established medical
activities in the area of accident investigation, airmen and AME (aviation
medical examiner) education, aircraft hijacking inputs and a number of other

fields.

Now if I may, I'd like to turn from some of the historical considera~
tions to a simple listing of some of the accomplishments, mostly in research.
They will be just that, a listing. I will leave it to the CAMI scientists

who will follow me to develop these matters further.

We, the researchers and scientists, have been significantly involved in
the development of specifications for energy-absorbant seats, the development
of criteria for aircraft evacuation, evaluating and developing specifications
for protective breathing equipment. We have had numerous consultations with
various companies in the aviation industry with regard to a wide variety of
human factors problems. The evaluation of toxicity relating to the thermal
decomposition of cabin interior materials, evaluating and testing flotation
devices, the development of defenses against hijacking, including the develop-
ment of a screening profile and a strategy for managing a hijacking event
while in progress, developing a special evacuation means and procedures for

specific groups of people such as handicapped and so on.

One quite significant development, which is an ongoing effort, has to
do with developing selection criteria for air traffic controllers. We are
just about to complete and forward a final packet to the Office of Personnel
Management, for a totally revised controller selection battery that has been
developed over the last eight to ten years, which, by its precision of
selection, is expected to save as much as $3 million annually because of the

reduction of the failure rate in training and later on the job.

Scientists here at CAMI developed information which permitted the Agency
to write specifications relating to ozone exposure in certain aircraft
operations. The toxicology laboratory and its work will be discussed in more
detail by Dr. Kirkham. We do have some continuing activity, which is very
important, as referred to by Dr. Dille. That is the accumulation of incidents
relating to accidents in terms of autopsy information and toxicological

material analyses.

10



I would also like to point out briefly some areas that I feel should be
cause for continuing interest and in some cases concerm. I believe we, in
the Agency, working with the industry, have an obligation to ensure the
systematic identification of requirements for future biomedical and behavioral

research.

I think we need to set them down in writing, as Walt Luffsey has
indicated. We need to have the benefit of the input of you folks from the
industry and by academic institutions.

We may be doing in the future some further work relating to pilot

aging. I say, "We may be." 1I'd like to give a brief background on that.

Five days ago the panel, which was put together by the National Institute
on Aging to review a prior report from the Institute of Medicine of the

National Academy of Sciences, submitted its final draft report.

The report contained three recommendations: one, that the present age 60
rule be retained; two, that a systematic effort be initiated to accumulate
data that might in the future be used to consider modifications of the
"arbitrary but necessary' age 60 rule; and the third recommendation was that

the age 60 rule should also be applied to part 135 operatioms.

And I say we may be doing studies for the reason that, in the body of the
report of the panel, there is a suggested approach of using actual airline
pilots as subjects. This is an approach to obtaining the necessary data which

might lead to consideration of granting exemptions to the age 60 rule.

This is a draft report. It is to be further commented on by the panel
members and analyzed by the National Institutes of Health. Whether or not

this suggested approach is taken, remains to be seen.

We need to do further work on screening of aviators and air traffic con-
trollers. We have already initiated an analytical study to look at the

frequency of examination for airmen and air traffic controllers.

We'll have to look at the evolving technology in aviationm, particularly
with regard to increasing automation in the cockpit and the air traffic con-
troller system. Considerable work has already been initiated here at CAMI in

those areas.

11



We will have to be alert to the occurrence of new hijacking phenomena
or terrorist phenomena and be prepared to respond in a biomedical or bahavioral

science fashion to those.

Although difficult and perhaps impossible, it is our intent to take a
look at the factor of pilot judgment, that thing that's almost immeasurable
and may continue to be immeasurable. It is wniversally believed that where
so-called pilot error is concerned, the matter of judgment appears to be the
factor most commonly involved. Not intelligence, not skill, but the decisions,
sometimes poor, that are made in the face of circumstances encountered by

aviators.

We will attempt to take a look at this to see if anything can be done,
hopefully, to improve this situation whereby aviator judgment is involved in

the support of safety of operationms.

We, in the medical field, strongly ‘support the need for accumulating data
and providing the degree of sophistication and analysis that is required to
understand the contribution of various factors to safety and to accident
causation. And this is an important continuing need that will have to be
worked on very assiduously in the future if we are to take a rational approach

in problem solving in the aviation setting.

In summary and conclusion, I feel that there is a need to build on the
evolving spirit of cooperation among the biomedical and behavioral scientists,
other government elements and industry. I think we will all benefit and the

public safety will benefit from that continuing effort. Thank you very much.

DR. DILLE: Thank you, Dr. Reighard. Our next speaker is Bill Kirkham,
a forensic pathologist and Chief of our Aviation Toxicology Laboratory at
CAMI, and Bill's topic is, "What does medical investigation of aircraft

accidents reveal?"

DR. KIRKHAM: Thank you, Dr. Dille. It's good to see a lot of familiar
faces in this group. I hope that in the workshops we will have an opportunity
to visit in more detail, particularly those of you who are attending the

workshop on accident investigation,

Accidents represent perturbations in the aviation system, which we all

wish would operate without error. They are experiments in nature, and as such
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give us an opportunity to study errors or mishaps with a goal of correcting

safety deficiencies which may have caused the accident.

Now, if I may have the first slide, please. The National Transportation
Safety Board investigates accidents mainly to determine the cause and identify

certain safety problems.

The NTSB, with limited staff for the most part, handles large aircraft
accidents and fatal general aviation accidents. The Federal Aviation Adminis-
tration investigates accidents to determine if regulatory functions are
involved, if the Federal Aviation regulations are adequate, and if there has

been a violation of the Federal Aviation regulatioms.

Nonfatal general aviation accidents, by far the greatest number of
accidents, are investigated by the FAA. Even though the National Transportation
Safety Board (NTSB) has human factors investigators, they have little if any

in-house medical support.

Because of this, the FAA by agreement supports the NTSB through its
regional personnel and aviation medical examiners, as it can, with some medical

pathology and laboratory services.

This help is primarily in obtaining autopsies and toxicology specimens on
crew in general aviation accidents, and by direct participation with NTSB

safety, the human factors group in major air carrier accidents.

Civil Aeromedical Institute personnel, as part of the research activities,
have participated in the aircraft accident investigations for some 20 years.
The rationale for this has been to identify problems that may occur, problems
which may point to areas which need laboratory research, or to modifications

that could be made to improve aviation.

In these activities, CAMI personnel participated in almost all major air
carrier accidents in the United States and in many selected general aviation

accidents.

Now, what can we learn by studying accidents and investigating accidents?
Well, one of the things that we learn, and the easiest thing, is to correlate
crash injuries with what happens during the impact, and this focuses our
attention on restraint functions because, although the accident is not pre-
vented, we can possibly restrain the individual so as to possibly diminish the

injuries that he would receive,
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And I'm going to show you a series of slides for the rest of my presenta-
tion and obviously this can only be a panoramic overview of what we might find

in an accident investigation.

Now, we know by dynamic study, impact studies, that the human body will
flail forward if unrestrained. This is sort of a composite of 11 general
aviation aircraft cabins, and we see serious injuries to the head and chest
and flailing of the legs. And this is an artist's drawing of the type of thing
that we very frequently see in accidents that are at the level that the human

body can perhaps tolerate.

Fortunately in the last two, two and a half, three years we've had a
requirement that all new manufactured airplanes have a shoulder harness placed
in the front two seats, and that the people flying those aircraft use their
shoulder harnesses on take-offs and landings which we hope will avoid some of

this.

To show you the type of correlations that can be made by médical people
at an accident scene, here's a young man who died as a result of a puncture
wound in the chest. Now, the medically oriented person will ask the question,
Why did he get this puncture wound? How did he get the puncture wound when the

fellow in the left front seat, the pilot, walks away from this accident?

His buddy is dead in the right front seat. Now, the pilot came forward
against this yolk, and you'll notice the breaking pattern here, and the
fellow who died came forward against this yolk, and notice the breaking pattern

of the yolk there.

There was some brown discoloration on the end of this which, under the
microscope, revealed red blood cells, muscle and skin. And there's no question
that this was the spike that penetrated the fellow's chest and he lost his

life as a result of that.

This is the type of crash injury correlation that can be made by medical
personnel investigating accidents. Now, we can see this duplicated. This is
a slide from one of the impact studies of a dummy seated in a Beech cabin here
on the impact track and notice how the body comes forward, chest against the
yolk, possibly breaking all the ribs, possibly bursting the heart, and the

head coming into the panel inflicting very severe injuries,
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A shoulder restraint can go a long way to reducing the type of injuries
that are received. And some of the past research at CAMI has developed toler-
ances to impacts, and these levels of 80 G's and 200 G's and 30 G's and 50 G's
and so forth are very high in terms of survivability. Actually the aircraft
structure in many instances will fail before the human body will fail if the

individual is properly restrained.

Now, we see also in accident investigation that part of our restraint
systems may not be functioning properly, and it behooves us to look at the way
people are restrained. And here we see an intertia reel that in an accident

failed, so this was the weakest part of the restraint system.
And the seat is an integral part of the restraint system.

And if you have a seat that will break as this seat did, you see, it
affords less than optimum protection to the individual because he may receive
very severe injuries on a secondary impact when a seat like this will break

suddenly.

And so one area of accident investigation is to look at seats and look
at seating configuration. Here the individual sits over the main spar, and
there is very little attenuation of vertical impact forces in this type of seat

configuration.

We had thought for a long time that our air carrier seats worked very
well, but an accident like this, in which the left gear collapsed, led to a
number of seats breaking over into the aisle and this type of separation of a

seat leg from the seat pan in a relatively minor air carrier accident.

These are the types of observations that medical investigators can make.
Now, Mr. Chandler is going to talk to you more specifically about seat func-

tions and seat testing.

Here's a recent accident, a relativley low-level accident, I would estimate.
Notice that the seats are broken over toward the aisle. And again, notice that
the seat legs here failed rather markedly for the degree or type of accident.

One of the easy things to do is to make crash injury correlations and look at

restraint systems and how they protect the occupants.

Another thing we can do is look at postcrash factors. You can survive the
impact, but die in the post-crash situation, a fire, drowning, exposure,

toxins and perhaps any number of things.
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An old accident here, you see, we've had the fuel misted here, ingested
in the engines. The fire ball has gone off and the people are trying to make

their egress at the time this picture was taken.

And an investigation of the postcrash situation revealed that those people
sitting in rows 12, 13 and 14 were found -- their bodies were found here as
they tried to exit out the right rear exit. This exit was closed. They did
not go forward, and these individuals appeared to have been queued up in the line

waiting to get out of the aircraft.

They were overcome by the toxic gases and they had very high levels of
carbon monoxide in their blood. This was a medical investigation that was done
by CAMI and such a report is available to you if you'd like to see that egress

from the burning aircraft.

Another accident that occurred in Anchorage. Prior to this accident, we
suspected that the carbon monoxide levels were not high enough in certain

accident victims to really incapacitate them.

So Dr. Crane apparently suggested that we also look for cyanide, hydrogen
cyanide, in those accident victims and this was the first one. These are
carbon monoxide levels here. This is an incapacitating level and this is a

lethal level and those are hydrogen cyanide levels.

And a number of these accident victims had hydrogen cyanide in their
system - and Dr. Crane is going to talk to you about where we stand in terms of
toxicity testing on some of the interior materials = but this led us to suspect
that the interior materials did indeed contribute to the toxicity of that
environment. And here the DC10 at Los Angeles is a prime example of the type

of situation that we'd sure like to avoid.

We'd like to prevent this. We'd like to get those people out. The
interior materials here did not burn, but they did give off gas. None of the
individuals were impaired in their egress from the aircraft, but the firemen
who came in there after the accident after all the people were out, to make

sure that they were out, collapsed, overcome by those toxic gases.

And so it behooves us to define what that toxic load is here and to alter
these materials if possible. This all comes from correlating certain accident

investigations with certain research work.
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Another thing we can do is to identify toxic factors that may be opera-
tional on the crew. Because of some delays in processing specimens by another
laboratory that we used, some 13 years ago a small forensic toxicology unit was

set up in the Civil Aeromedical Institute, and we put together a box like this.

It's called a tox box. This tox box is distributed all over the country
and it appears at an accident scene and a pathologist can use this to collect

specimens that can be sent in to the laboratory to analyze for various toxic

materials.

This operation is run by actually three people in our laboratory and we
get specimens from about 65 to 70 percent of the pilots who are killed in

aircraft accidents.

One of the areas that is important is this whole business of air applica-
tion. These people who apply chemicals to our crops and so forth are sub-
jected to the toxicity of those materials that they apply. And one can follow

them over the course of the year and they do develop a chronic toxicity.

I can't say that that really occurs in the pilots. We don't have those
kinds of studies. These are pesticide applicators. Eight hundred and forty-
nine pesticide applicators were studied for a full year, and you can see that
the cholinesterase, a very important constituent in their system, does decrease
over a period of time. And so aerial applicators are subjected to the same
types of toxicity, and through the years we have provided a medical advisory
service to aviation physicians or aviation medical examiners who may handle

these people who are subjected to the toxic effects of the pesticides.

Alcohol has been identified as a significant problem. Over the years 8.5
percent of the pilots in fatal accidents have blood alcohol levels at the

level that would impair their function.

Drugs: we see individuals who take drugs. 4.2 percent, in recent years,

of those pilots who are killed have some association with drugs or narcotics.

Physiologic factors - you can be overcome by G forces. This young fellow
was doing aerobatics - overcome by G forces. Over the weekend we had two
accidents, aerobatic accidents that appear to possibly have been related to
pilot incapacitation - one here outside of Oklahoma City and one in San Angelo,

Texas.
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Another very important area is with this problem of spatial disorienta-
tion. Here is a piece of an airplane found half a mile or a mile away from

the rest of the fuselage - in-flight break-up.

When we see this type of thing, and if there's an overcast or something
like that, we wonder about this problem of spatial disorientation. If you
look at the cause factors of fatal accidents in the NTSB reports, you will
see that continued VFR flight into adverse weather conditions and spatial
disorientation are part and parcel of the same problem, are number two,
number two in the cause of fatal aircraft accidents. It's very difficult to

get at this. This is something we need to train around to prevent,

Medical conditions in crews - we can try to elaborate on this by doing
autopsies and examinations on the pilot, And the pilot who was in a crash down
here in Ardmore, Oklahoma, which killed 83 people, had very severe coronary
artery disease. He did not disclose this fact that he had pain and was on

medication.

He did not disclose this to his aviation medical examiner, and so we
monitor the medical certification procedure by investigating accidents and

doing the medical portion of then.

And the last area, as I have outlined in here, is very difficult to get
at, and Dr. Reighard pointed this out. This is the business of pilot judgment,
planning for flight crew coordination. Actually crew/air traffic coordina-
tion might be named here. Cockpit discipline, attentiveness of the crew, this
is an area that's very difficult and it behooves us to concentrate more on
this because this is the cause of many of our accidents, such as the world's

worst tragedy that occurred in Tenerife.

The problem of the communication from tower to cockpit, the problem of
communication within the cockpit that allowed this tail—end plane to take off

in the fog with reduced visibility with the Pan Am plane on the runway.

That's a human factors accident. That's not an airworthiness accident.

It's an operation, human factors type of problem.

And what about this one, the 727 over San Diego, what kind of an accident
is that? That's a cockpit attentiveness, ATC communication type accident. It
is very difficult for us as accident investigators to get at the specifics of

this type of thing.
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So that when we look at the NTSB statistics that show that between 85 to
90 percent of our aircraft accidents are caused by something in the pilot, it
behooves us as medically oriented people to look at those human factors com-
ponents that we can address to see if we can find out what's causing these
accidents specifically, and feed this back into the system to do some preven-

tion. Thank you.

DR. DILLE: Thank you, Dr. Kirkham. The next presentation is on passen-

ger seat performance by Richard F. Chandler, Chief Protection and Survival

Laboratory.

MR. CHANDLER: Thank you, Dr. Dille. You've just heard Bill Kirkham go

through a synopsis of the work done in field investigation of aircraft accidents.

Such work is one of the ways we learn what our problems are.

Among the slides he showed you were slides depicting the performance of

passenger seats.

The performance of air carrier passenger and general aviation seats
during 3 crash has been sporadically investigated since the 1950's. Most of
these investigations used simple linear spring mass dynamic theory to evaluate
the theoretical performance of the seat and restraint system under short dura-
tion crash loads, but provided very limited test data to support their con-

clusions.

More recently it has been recognized that the simple linear dynamic
model is an inadequate tool for any but the most rudimentary studies, and more

complex models have been developed.

In particular, the FAA has developed the Seat-Occupant Model for Light
Aircraft which provides a nonlinear finite element model for describing the
seat and restraint system and an 11 mass model of the occupant with beam-

column simulation of the lumbar spine and the neck.

This model is now in final validation, and appears to represent the

single occupant light aircraft seat with reasonable fidelity.

To evaluate the application of these models to transport aircraft pas-—
senger seats, the Civil Aeromedical Institute has undertaken a program to
obtain baseline performance data for a variety of passenger seats under care-

fully controlled laboratory conditions which simulate the crash loading
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conditions. This test program began in February of 1981 and is scheduled to

be completed in December.

Since the work is not complete, it would be premature to present final
results or conclusions at this meeting. Instead, I would like to outline the
scope of the program, and to present some observations and problems which are

apparent at this time.

Because the current regulatory requirements are based on static loading
conditions, we started our program with a simple static test similar to that
described in the Technical Standard Order for passenger seats. This slide
shows the test arrangement which we used. The seats are mounted on our test

sled, just as we would for a dynamic test.

A six degree of freedom load cell is placed under each leg of the seat to
measure the forces and mounts at the attachment points of the seat to the air-
craft floor. The aircraft floor is simulated by a fixture, described in the
Crash Survival Design Guide, which allows the floor to be deformed to approxi-

mate the distortion which may occur due to external forces in a crash.

Thus we have two test conditions possible here, one with floor deforma-
tion, one without. The loads are applied through the pully system to equalize

the loads in all seat positions even if deformation varies.

Load cells in the link to the body block measure the load at each posi-

tion.

Some typical observations are indicated in this slide, where post-test
position of the body blocks are shown, together with the failure at the lap

belt which was the end point for this test.

If we remove the seat cushions, we see that the rigid body blocks have
loaded the leading edge of the seat pan, causing them to bend downward until

the body blocks contact the seat legs, which then carry the load directly.

This is an artificial loading condition that is not representative of
either field observations or dynamic test experience. This seems to confirm
observations by others that this static test procedure is not representative of

occupant loading of the passenger seat.

Even if the leading edge of the seat pan were of more substantial struc-

ture, it would only form a fulcrum for the rigid body block, a different

20



loading condition, but not more representative of the occupant.

Here we see a failure of a lap belt with a rated strength of 2,000
pounds, considerably above the minimum requirement of 1,500 pounds. Failure
of 2,000 pound rated strength lap belts were a frequent end point to our tests,
so much so that we have begun replacing all 2,000 pound belts with 3,000 pound

belts in order to increase the chance of failure in the seat structure.

For our dynamic tests we use a similar seat installation, but with 50th
percentile anthropomorphic dummies as seat occupants. In addition to the two
test conditions previously described, we add a third variable shown in the
slide; a combination of forward and side loading produced by yawing the seat
30 degrees to the side. The sled test facility at CAMI allows us to control

both the impact velocity and deceleration acting on the sled.

For these tests we chose a roughly trapezoidal crash pulse, with a fairly
short rise time as shown in the slide. We began testing each seat assembly
at 6 G, and then increased the G level by 3 G increments, using an untested
seat assembly, on subsequent tests until structural failure was observed.
The impact velocity, represented by the area under the curve on the slide, was
high enough to assure that failure would occur during the test pulse. In this

test, failure occurred at about 180 milliseconds.

Here we see the load measured at the right rear leg, where the failure
occurred, and the failure point is more obvious. Knowing the failure point, we
can easily calculate the impact velocity required to produce the failure, an

important point for future test planning.

It is well to remember that even though aircraft may crash at higher
velocities than we are testing, any velocity greater than required to produce
failure in the seat will contribute no information pertinent to the seat

performance.

Now, let's look at a few more examples of failure points, and let's start

with the exception to the common results, shown here.

This seat failed by general deformation of the basic seat structure until
spot welds holding the basic structure together let go. This is the only seat
in our program which failed in this manner, the other failures being asso-
ciated with fittings such as a lap belt tie down fitting and an aft leg

attachment fitting.
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An aft leg tension link failed at the eye of the bolt attachment to the

seat.

Seat tie down buttons which fit into the floor track... this failure was
the result of floor deformation, which caused the buttons to bear on the side
of the track, together with a rigid leg structure which would not deform to

allow the buttons to bear evenly across the track.
A comparable failure occurring on the floor track.

One of the test conditions which I haven't mentioned is illustrated by
this slide, an overhead view of a test with passengers seated behind the test
seat. We are doing these tests to evaluate the effectiveness of the "brace

for impact" position as well as to measure the loading on the seat.

These tests seem to substantiate earlier tests which show the value of the
brace position... injury criteria can be reduced by about 50 percent, but also

have indicated a "size effect" on injury potential for the unbraced occupant.

Here, the smaller passenger, a 5th percentile female dummy has cleared
the seat in front of her, while the 50th percentile dummy and 95th percentile

dummies sustain greater head impacts with the seat back.

This may have even greater significance as seat pitch becomes closer,

making all passengers, in effect, a larger percentile size.

In conclusion, I would like to summarize some observations made so far

in the program, but please keep in mind that the program is not yet over.

All seats exceeded the minimum requirement for forward static loading by

5 to 35 percent.

Two seats, of ten tested, failed during application of floor deformation,

without any other loading.

Although there is a wide variation in the data, the mean lap belt loop
loads measured in these dynamic tests would indicate that the minimum static
load required by regulation, 1,530 pounds, would occur in a dynamic test con-

dition of about 3.6 G.

Failure of lap belts rated at 2,000 pounds commonly occurred before seat

or track failure.
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Three of four seats dynamically tested in the forward condition withstood

9 G.

Zero of two seats dynamically tested in the forward condition withstood

6 G if concurrently stressed by floor deformation.

Three of six seats tested with 30 degrees yaw withstood 6 G in dynamic

tests. None withstood 9 G.

One of two seats tested with 30 degrees yaw and floor deformation with-

stood 6 G. None withstood 9 G.

The sequence of failure is difficult to determine without appropriate

instrumentation.

Dynamic loads at time of failure are generally greater than static loads

at time of failure.
Thank you.

DR. DILLE: Thank you, Mr. Chandler. Our next presentation will be by
Charles R. Crane, Ph.D., Biochemist, Aviation Toxicology Laboratory, Civil
Aeromedical Institute, on understanding the fundamentals of smoke toxicity in

aviation.

DR. CRANE: Thank you, Dr. Dille. Ladies and gentlemen, I'm going to
give a fairly brief summary on this topic because it is really composed of so
many detailed small items that to discuss one in detail would be rather

boring.
To discuss very many of them adequately would take much too long.

In the early 1960's many people in the aviation environment became aware
for the first time of the possible significance to survival of postcrash fires.
It was first observed that some victims with no impact-related physical
injuries died as a result of the ensuing fire. So the questions arose: What
killed them? How did they act? If we could answer those questions, then how
might we reduce the risk of injury or death in the post crash fire situation,

particularly with reference to toxicity?

Our forensic toxicology unit found that such victims invariably presented
an elevated blood carboxyhemoglobin (COHb) concentration, indicating inhala-

tion of CO from the fire.

23



In early 1969, the Biochemistry Research Unit became interested in the
observation that such COHb values ranged anywhere from 35 to 85 percent satura-
tion. The obvious questions were: What is the minimal lethal COHb value? and
if CO inhalation wasn't responsible for the deaths of those victims with

levels below the minimum lethal concentration, then what did they die of?

There was a possibility that the some of the reported COHb values were in
error due to inadequate analysis; so our unit initiated an evaluation of the

common analytical techniques used by forensic toxicology laboratories.

We found that for postmortem analysis under any but ideal conditions,

the commonly-used colorimetric procedures could introduce considerable error.

We further found that only gas chromatographic techniques were reliable
and recommended that they be utilized exclusively for COHb analysis of blood
from fire victims. Gas chromatographic techniques are now used in most

laboratories.

We recongized further that toxic gases other than CO are present in smoke,
and that if CO alone wasn't responsible for the death of fire victims, possibly

it was due to the combined toxicity of several gases.

Knowing that cyanide is a toxic gas that had been shown to be present in
smoke from other sources, we proposed that HCn could be a factor in the death

of postcrash fire victims.

We therefore suggested that blood cyanide analysis be included in the

routine postmortem toxicological examinations.

In late 1970 there was an impact-survivable accident in Alaska that
involved postcrash fire, and for the first time aircraft fire victims were
shown to have elevated blood cyanide levels in addition to elevated COHb

levels.

However, we were still unable to answer the specific question, Are the
demonstrated levels of CO and HCn together adequate to explain the cause of

death?

So, in 1971 we initiated a program that has continued to date; elements of
that program are to: identify those toxic components of smoke that contribute

significantly to the overall toxicity of smoke; define experimentally the
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dose/response relationship for each of these components, both singly and in
suitable combinations where the response measured is related to one's ability
to escape from a fire environment; devise a small-scale test method for burn-
ing materials and measuring the toxicity of the smoke where both the generation
of the smoke and the evaluation of its toxicity are relevant to the environ-
ment of real fires; justify or validate the use of experimental animals to
gather data that will be used to predict effects of humans; and finally, come
to a decision concerning the best way to improve passenger survival time in

the fire environment, taking into account such relevant factors as the real
magnitude of the risks associated with the fire hazard, how much improvement

can be achieved and at what cost.

Also what degree of importance should be placed on such properties of

materials as durability, comfort, aesthetics, etc.

Along the way, we must not lose sight of the possibility that the risk of
postcrash fire deaths from smoke toxicity may not be realistically reduced by
controlling cabin interior materials. Furthermore, we should make everyone

aware that the risk today is really a surprisingly small one, anyway.

If no one died from toxic smoke inhalation in postcrash fires after
today, we would save, statistically, 10 to 15 lives per year, according to

the best estimates we have.

So, since 1970, in our laboratory we have: designed a small-scale
animal toxicity test system that allows us to measure the time-to-incapacita-
tion and time-to-death for rats exposed to atmospheres of smoke from real
materials or to synthetic atmospheres composed of known gases; determined
the incapacitating and lethal doses in rats of three systematically toxic
gases —- CO, HCn and H2S -- and of two irritant toxic gases —- HCL and
acrolein; devised for the first time a generalized model and equation that
relates an animal's body weight and respiration rate to time to incapacitation
and time to death as a function of the concentration of any one, or any com-
bination, of the systemic toxic gases; demonstrated that for systemic toxic
gases, at least, the dose/response relationships derived from animal experi-
ments can be used to calculate dose/response relationships for humans;
compared in our system the relative toxocity of the thermal decomposition
products of well over one hundred polymeric materials -- natural and syn-

thetic; determined the incapacitating and lethal heat loads for rats/mice,
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and developed an equation that will predict incapacitation and death for rats
or humans exposed to any given air temperature; participated in the efforts of
several organizations to evaluate the smoke toxicity problem and/or develop
appropriate methodologies: The American Society of Testing and Materials
(ASTM), National Bureau of Standards (NBS) committees and Special Aviation Fire

and Explosion Reduction (SAFER) committees.

I realize this was a lot of words without really giving you much details.
At any time you are free, feel welcome to drop around our laboratory or talk
with me in the halls and I'll be glad to give you all the information I can.

Thank you.

DR. DILLE: Thank you, Charles.

RECESS

DR. DILLE: The first presentation in this session will be an analysis
of protective breathing systems intended for use aboard transport category

aircraft by Don DeSteiguer.

MR. DeSTEIGUER: Thank you, Dr. Dille. First slide, please. On Novembe.

the 3rd, 1973, the Pan American Boeing 707, following an in-flight fire,
impacted into the end of the runway at Boston's Logan. The investigation of
that accident, among other things, questioned the functioning, or nonfunction-
ing, of the protective breathing equipment that was provided aboard the

aircraft.

If we look at the protective breathing equipment, we find we have
generally two types carried aboard our transport category aircraft. The first
is a two-piece device which makes use of the quick-don oxygen mask, which is

already there and connected for use in the event of a decompression.

This, of course, gives respiratory protection. Facial protection is
then obtained through the use of the supplementary goggles. The other pro-
tective breathing device on the flight deck is a full-face mask which is
normally coupled to a portable cylinder, allowing one of the crew members to

go back into the aircraft for examination, firefighting, what have you.

Due to the questions which were raised in the Boston Pan Am accident,

we were requested to develop a testing program and to evaluate those items of
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protective breathing equipment which were currently in use in the commercial

air fleet.

The method which we established, rather than trying to rely on a subject
telling us whether they think they smelled something or not, was based on a
quantitative procedure where we get actual analytical data as to whether the

equipment is functioning and how well the equipment is functioning.

Very briefly, the procedure is to put the equipment on the subject. We
hook sample tubes to the equipment and then we challenge that equipment with

approximately 100 parts per million of normal pentane.

Normal pentane being selected because of its nonirritating and nontoxic
properties at those levels. We then pulled the gas samples through and into
a gaschromatograph which in turn gives us an analytical measurement of the
amount of normal pentane which the equipment is being challenged with and the

amount of normal pentane which might be penetrating into the equipment.

A typical data recording which we obtained is such -- the pass and fail
points are across the bottom, the lower dotted line represents the pass-fail
point for the respiratory system or the oxygen mask of the two system compon-

ents.

The other, or the higher dotted line, represents the pass-fail point for
the visual system, or for the goggles. If it is a one-piece system where both
the visual and respiratory systems are in one compartment, then the lower line

is the pass—fail point.

Now, what we generally found was that the oxygen mask itself functioned
quite well. 1In this case, there was no penetration of any kind into the mask;

but when we look at the goggles, we find they fail immediately and totally.

They were more of a hindrance than a help. The crew members would be
better off mever to put them on. We received for testing 137 different kinds
of protective breathing devices which were currently in use in our air carrier

fleet.

Of the 137 which we tested, 115 did not pass the test procedure. The
remaining 22, though they may have passed the contaminant protection, had
additional problems such as those encountered in donning, peripheral vision,

things of that type.
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The test procedure did validate one concept and that was the concept of
venting the goggles in order to keep them sufficiently clean for our purposes.
The concept was good, but the method of attempting to do this proved to be

totally insufficient.

In other words, what they were doing was attempting to build into the
goggles a pair of small tubes which would then be positioned into the mask
cavity. Then when you put the regulator on pressure, you obtain a venting

into the goggles.

The problem with the technique they were trying to use is that the tubes
did not go into the mask cavity, but quite frequently would lie into the seal-

ing area, and consequently never functioned.

The concept proved good, but the approach was not good. The solution to
the problem was to use that concept of venting, but - instead of attempting
to put tubes into the goggles - to build a value system into the nose cup of
the mask, which you see here on a Puritan quick-don type mask, a valve which

would allow oxygen to flow from the mask into the goggles.

Now, so as not to compromise the performance of the mask during decompres-
sion, the valve normally would remain closed as you would see it here. As you
would put the goggles on, the goggles would force the valve down and then
would open the valve, as you see here. The competitors all took the identical

same approach by using vent valves of one type or another.

The Scott Sierra mask - they have gone with the same concept, though the
vent valve may appear to be somewhat different. In this case, the valve would
be normally closed, and if you needed it after donning the mask and goggles,

then you would pull the lever down, opening the valve and venting the goggles.

We found this system to be reliable, though there were some problems in
the early stages of the development. One involved the amount of oxygen that
was required to vent the goggles, and it looked as though this would require an

additional cylinder of oxygen being incorporated into the aircraft crew system.

This is not a desirable feature due to the economic factors involved. By
continuing the work with this system and by fine-tuning it, eventually, the
manufacturers and CAMI were able to reduce the flow to the goggles through
controlling the valve size and by controlling the pressure from the regulator,
obtaining a system that did work and was compatible with the existing aircraft
oxygen system.
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Now let us go one step further taking the case of American Airlines B727.
This was a case of a small bomb being placed upon the aircraft. It did not

particularly damage the aircraft, but it did set it afire.

Smoke became very intense in the passenger cabin. The flight deck crew
manually deployed the oxygen masks to the passengers who donned the masks, and
their comments after the accident was over indicated that this action on the

part of the crew members had saved their lives.

About two months later, we have a similar situation on Hughes Air West
where the flight deck crew again manually deployed the oxygen masks, and the

passengers indicated that this action had saved their lives.

Following these two incidents, both Boeing and Douglas issued bulletins
to their customers pointing out that this procedure was of no benefit whatso-
ever to the passengers. Psychology was all that had been in effect. The type
of mask we're talking about for the passengers, of course, is the simple,
small, yellow plastic mask -- and I say simple in quotations because it is not

that simple -- that we have all seen demonstrated.

Now, why would Boeing and Douglas issue bulletins stating that this mask
did not work in the smoke and fume enviromment? Let's look very briefly at

the function of the masks and its design.

First, the oxygen is accumulated in a reservoir bag. Now, this is not a
rebreathing bag as a good many people think, but is merely a reservoir or

collector bag for the accumulation of oxygen.

The mask itself is here. When the individual starts his inhalation, the
valve opens here, and during the first part of his inhalation, he draws a high
level of oxygen out of the reservoir which goes deep into his lungs where the

gas exchange will mostly take place.

Once that reservoir collapses, we have a spring-loaded dilute valve which
then opens and you pull in ambient or cabin air, and whatever else may be in
that ambient or cabin air. Then when he exhales, it is vented out at this

point.

The system was designed for decompressions. It is very efficient under

those conditions on a very low flow of oxygen.
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The problem that both Boeing and Douglas had is that unless you have a
decompression, there is no flow activated to the mask. So that when the
passengers put the masks on, they were simply breathing through the ambient

dilute valve.

Now, if you have a decompression, the very low flow of oxygen which is
delivered to the mask expands and provides for your ventilation rate. We
are looking at this device at the present time to see what might be done with

it to provide protection to the passengers with the existing systems.

The approach that has been most practical today is simply not to dump
overboard the previous breath, but hold it in another reservoir which in turn
is coupled back to the dilute valve so that we recycle part of the breath

after we empty the reservoir.

The procedure is very simple. We may not get 100 percent protection with
it, but at the present time, it looks as though a good deal of protection can

be provided at very little added expense.
Thank you.

DR. DILLE: Thank you Don. At least half a dozen of our scientists have
been involved in rather extensive tests of the acute effects of ozone on human
and respiratory function performance. And giving a summary of many of these
studies is Dr. Lategola of our physiology laboratory, a presentation entitled,

"Effects of Ozone on Cockpit and Cabin Crew."

DR. LATEGOLA: Thank you, Dr. Dille. Ladies and gentlemen.

The majority of airline passenger and crew complaints attributed to ozone
exposure consist primarily of respiratory irritation with cough and sub-
sternal discomfort. Other common symptoms are headache and fatigue. Symptoms
have been primarily associated with transpolar flights during late winter to

early spring in the vicinity of major atmospheric low-pressure centers.

In April, 1977, the Civil Aeromedical Institute was requested to provide

research in support of a proposed rule limiting airline cabin ozone levels,
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The Aviation Physiology Lab, consisting of units headed by Drs. Higgins,
McKenzie and myself, all under Dr. Melton's leadership, immediately began
research preparations, and the first experiments were run in February, 1978.

Four consecutive studies were completed by November, 1979.

Symptomatic effects of inspired ozone are intensified by the increased
breathing of physical activity. Because flight attendants are usually more
physically active during flight than other crew members or passengers, our
first two studies were focused on the flight attendants. The third and fourth
studies were focused on the sedentary cockpit crew members and passengers.

A comprehensive battery of flight-related physiological functions were

assessed in an attempt to define the threshold concentrations for adverse ozone
effects under simulated flight conditions. All experiments were run at a
pressure equivalent of 6,000 feet in an altitude chamber, in which relative

humidity was kept at 10-12 percent, and temperature at 68-74° Fahrenheit.

The subjects in the first two studies were paid, 20-30 year old men and
women, with height and weight characteristics of flight attendants. After
medical examination and training for the experimental procedure, each subject
was exposed to an ozone-in-air mixture in one experiment, and to air-only in

another experiment. The two experiments were separated by one week.

The experimental schedule for the first study is shown in Slide 1. The
subjects were run in pairs on a staggered time schedule. The first pre-
altitude procedure was a respiratory questionnaire. For this, the subject
first performed one maximum inspiration and expiration, and then rated the
presence and degree of 5 symptom categories. Next, three maximum forced-
vital-capacity efforts by each subject were recorded on a spirometer. From
these recordings, six separate measurements of mechanical pulmonary function

were obtained.

Then, after a standard breakfast, electrode placement and urine voiding,
each subject was exposed to 0.2 ppm ozone-in-air for 4 hours at 6,000 feet
in the altitude chamber. At altitude, each subject underwent a handsteadiness
test, photopic vision testing, dark adaptation and scotopic vision testing,

and a Wechsler short-term memory test. Interspersed with these tests were
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four treadmill tests of 10 minutes each. The treadmill speed was 2.0 miles
per hour for the females, and 3.0 miles per hour for the males. The treadmill
incline was set at zero for the first 3 tests, and at a 5 percent positive
incline for the fourth test. These treadmill loads were based on Astrand's
study of flight attendant workloads, and where chosen to produce a heart rate
of about 100 beats per minute in the first 3 treadmill tests, and 100 to 140
beats per minute in the fourth treadmill test. Heart rate and respiration

were measured during each treadmill test.

Immediately after exiting the altitude chamber, 3 additional forced-
vital-capacity efforts by each subject were recorded. The measurements from
these recordings were divided by the corresponding pre-altitude measurements
in order to calculate the change associated with exposure to ozone plus
altitude. These calculated changes were compared to the same measurements in

the no-ozone experiments as a measure of the effects of the ozone.

Immediately after the forced-vital-capacity recordings, the subject's
respiratory symptoms were reassessed. The symptoms were assessed for immediate
post-altitude effects, and for recollected symptoms right after the last tread-
mill test at altitude. The pre- and post-altitude symptoms were scored by
algebraic difference, and compared to the scores of the no-ozone control

experiments. Blood and urine samples were obtained for subsequent analysis.

The second slide presents a list of the tests run in the areas of vision,
blood and urine in the first study. One can readily see that the search for

threshold ozone effects was quite comprehensive

In all of the functions evaluated in the first study, no statistically
significant adverse effects resulted from the 4-hour altitude exposure to 0.2

parts per million ozone.

As shown in Slide 3, the experimental schedule and tests in the second
study were identical with the first study except that: each subject was
exposed to 0.3 parts per million ozone for a duration of 3 hours, and a total
of three treadmill tests were run at altitude. The first two treadmill
tests were identical with the first three of study I, and the last treadmill
test was identical in both studies. All other measurements and scoring were

identical with those of the first study.
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Summarized results of the second study are shown in Slide 4. Please
focus your attention on the second vertical column. No statistically signi-
ficant adverse ozone effects occurred in the heart rate, Wechsler, vision,
blood, and urine tests. As indicated by starred items, statistically signi-
ficant adverse effects for both males and females occurred in the areas of

symptoms and spirometry functions.

Regarding subjective symptoms, the differences between the ozone and no-
ozone mean scores within each sex group were statistically significant for the
immediate post-altitude period as well as during the last treadmill test at
altitude. The highest mean score occurred in the male group during the last
treadmill test at altitude. This score indicates a 'slight" to "moderate"
degree of discomfort. The remaining three mean scores for both sexes also lay

between 'slight'" and '"moderate' discomfort.

No experiment had to be terminated because of intolerable symptomatic

stress on the part of any subject.

Throat irritation was the most prevalent symptom, reflected usually by
involuntary coughing during forced vital capacity efforts. Substernal dis-
comfort, and dry or burning eyes were second and third in prevalance. One
male suffered breathing discomfort for three subsequent days. Two males and
two females reported considerable lassitude for two subsequent days. Symptoms
in all other subjects disappeared in four hours or less. Symptoms of these
degrees and durations after a single ozone exposure are considered to be com-

pletely reversible.

During the last treadmill test, which was lighter for the females than for
the males, the mean symptom score for the females was greater than that of the
males, even though the females' pulmonary ventilation was about 35 percent less
than that of the males. This appears to indicate the presence of a greater

symptomatic sensitivity to ozone in the females as compared to the males.

The mean heart rates achieved by both the males and females during the 30
total minutes of treadmill work approximated Astrand's reported mean level of
108 beats per minute for a four-hour work shift in flight attendants. Because
increased ventilation of physical activity increases ozone symptoms, an
increased treadmill time for the females would have increased the observed

ozone symptoms. Since no significant symptoms occurred in the first study,
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0.2 parts per million ozone, for 4 hours with 4 treadmill tests, then the
ozone threshold for symptoms in flight attendants is probably greater than

0.2 parts per million, but less than 0.3 parts per million.

Regarding pulmonary function, all 6 of the spirometry parameters within
each sex group were decreased by ozone with statistical significance. Within
each sex group, the last three parameters, manifested greater decreases than
the first three. Those last three parameters are known to sensitively reflect
resistance changes in the smaller airways of the lung. The mean decreases in

these three parameters ranged from 6.5 to 15.6 percent.

Because the more prevalent symptoms reflected upper tracheobronchial
discomfort, the significant decreases in the first 3 parameters were not
surprising. However, because no subjects experienced symptomatic discomfort
in the peripheral portions of the lung, the larger significant decreases in
the last three spirometry parameters where somewhat unexpected. In more
severe ozone exposures, one of the potentially serious effects is pulmonary
edema. Therefore, in order to minimize possible adverse effects of substantial
ozone exposure, the removal of the person from the ozone exposure at the first
definite symptoms of throat and substernal discomfort would appear to be a

prudent action.

Because increased ventilation increases ozone symptoms, increasing the
treadmill time to approximate actual duty durations of flight attendants would
have intensified the adverse spirometric effects of the ozone. Therefore,
the ozone threshold for adverse mechanical pulmonary effects in flight atten-
dants would have intensified the adverse spirometric effects of the ozone.
Therefore, the ozone threshold for adverse mechanical pulmonary effects in

flight attendants most probably lies between 0.2 and 0.3 parts per million.

Let us now shift our attention to the more sedentary cockpit crew
members. The subjects in this study were male smokers and nonsmokers, 40 to

59 years of age.

The experimental procedure resembles that of the second study except

that: all treadmill tests were omitted.

The next slide summarizes the findings in this study. No statistically
significant adverse ozone effects occurred in the heart rate and short~term

memory tests.
E2

S
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Regarding symptoms, all smokers and nonsmokers combined manifested small
but statistically significant symptoms with ozone exposure. The largest mean
symptom score occurred in the 40-49 year-old nonsmoker group, and this score
was in the "slight" to '"moderate' discomfort range. The observed symptoms
generally disappeared within 4 hours, and were considered to be completely

reversible.

Eye discomfort was the most prevalent symptom, followed by headache,
nasal irritation, and throat irritation. The substantial eye irritation was
most probably the main reason for the small but statistically significant
decreases which occurred in four of the vision tests . The increase in eye
symptoms probably resulted from the fact that eye testing was done towards the
end of the 3-hour ozone exposure in this study as compared to the second study,
in which it was done towards the beginning of the ozone exposure. The
increased nasal irritation may have resulted from the more naturally-occurring
nasal breathing of sedentary rest, as opposed to the increased oral breathing
during the treadmill tests of the second study. Since nasal breathing is
known to scrub ozone, then, in the case of unavoidable ozone exposure, nasal

breathing could partially protect the deeper portions of the lung.

A1l smokers and nonsmokers combined manifested small but statistically
significant decreases in 3 spirometry functions due to ozone. Most of the
decreases occurred in the nonsmoker group. The lesser effect of the ozone on
the spirometry functions of the smokers was probably due to the prior
desensitization of the smokers' lungs by accumulated smoking damage. Other
studies have shown that greater ozone exposures do adversely affect the

smoker's lung more than that of the nonsmoker.

Because adverse effects observed in this study were statistically signi-
ficant, but small in degree, the ozone threshold for adverse effects in
sedentary cockpit crew members is probably right at 0.3 parts per million.

That same threshold should also be valid for sedentary passengers.

Subsequent to evaluation of all ozome studies, an FAR (Federal Air Regula-
tion) was issued on February 20, 1980. The time weighted average of 0.1 parts
per million and peak level of 0.3 parts per million ozone, corrected to sea
level, were adopted for the in-flight commercial airline cabin. The time
weighted average of 0.1 parts per million refers to flights of more than four

hours duration.
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Thank you.

DR. DILLE: Thank you, Mike. The next presentation has the very broad
title of "Influence of Alcohol, Drugs and Pollutants on Brain, Behavior and
Performance" by Alvin M. Revzin, who right now is our Neuropharmacology

Research Unit.
DR. REVZIN: Thank you, Bob.

Aviation personnel may be exposed to a wide variety of toxic chemicals,
drugs and environmental pollutants. I shall lump all of these things under
the generic name of toxicants. My research work involves measuring the effects
of some classes of these toxicants on brain functions. The objective of this
research is to determine the exposure levels and circumstances at which these
toxicants can affect job performance. Achieving this objective has required
development of special methods which, though sensitive and predictive, are

technically very difficult and time-consuming.

The work I will briefly describe today was based on evaluating the
toxicant-induced changes in the response properties of single nerve cells in
those subcortical visual areas concerned with peripheral vision in experimental
animals. This approach has two virtues: It has proven to be very sensitive.
If a toxicant produces changes in the response properties of a class of
neurones, it is unambiguous evidence that visual functions have been dis-
turbed. Such disturbances can be missed in human visual studies/examinations
since most of these do not test peripheral visual functions and incompletely

test central functions.

I have studied many toxicants with these methods, but will concentrate

on three: organphosphate pesticides, ethyl alcohol and microwave radiation.

Ethanol: The primary data is very simple. Ethanol induces a sharp
decrease in the sensitivity and specificity of posterior thalamic neurones
concerned with peripheral vision. The threshold dose is about 5 mg percent
(0.005 gm/100 gm). This corresponds to about a third of a shot of whiskey
for most of us. Neurones in other visual protection systems were 4-10 times
less sensitive to ethanol than were other thalamic sensory and motor nerve

cells.
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These results were obtained in anesthetized animals but quantitatively
similar data is now being obtained in studies of the effects of ethanol on
peripheral vision in human volunteers, confirming the power and sensitivity

of the approach.

The visual mechanisms I was using are concerned mainly with regulation of
visual attention. Normally we "look at' —- our attention is directed at --
things projected onto the fovea. The central 1°-3° of the retina. If sig-
nificant events ( an airplane coming down the taxiway as we are preparing to
take off, or a truck coming through a red 1ight) occur in peripheral (extra
foveal) vision, the system I was recording from tells this to the brain and,
if we so decide, the system also generates the appropriate eye movements
required to foveate, examine or 'pay attention to" the new event. Alcohol
inhibits this mechanism, so that, as blood alcohol levels increase, we become
progressively less responsive to events in peripheral visual areas -- the
classic "tunnel vision" of the drunk. Clearly, in the complex visual
environments of aviation, such inhibition of vision is undesirable and
dangerous. That such inhibitions occur at extremely low blood alcohol levels
is also distrubing ~- it certainly changed my own social drinking patterns!
It suggests that any alcohol in the blood could be a factor in accidents
occurring in heavy traffic where ability to respond to things happening all
about us is critical. Under lower sensory loadings, there is probably no
problem, since we have other mechanisms to take care of the peripheral
reflex, including simply monitoring by turning our heads. One more point.
These are reflex functions —- we will not be aware of dysfunctions. Indeed,
the reduction in awareness of the entire visual world may contribute to our
sense of well-being under ethyl alcohol since there seem to be fewer things out

there to disturb us.

We also devoted a lot of time to the investigation of toxic effects of
organophosphate pesticides and related chemicals used in agricultural aviationm.
These include not only the organophosphate pesticides, but the carbamate
based pesticides and therapeutic drugs used to cure the effects of poisoning,

notably Atropine and Pralidoxine.

But the use of organophosphates is dangerous. It's quite well known.

In high doses one sees a variety of symptoms beginning with muscle twitches
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and parasympathetic symptoms, symptoms of parasympathetic discharge, and end-

ing in gross seizures and death with high levels.

There is also some anecdotal evidence suggesting, and some experimental
data, suggesting that prolonged exposure to organophosphates results in visual
dysfunctions of various kinds and sleep dysfunctions. Conceivably interfer-
ences in pulmonary metabolism could be one of the dysfunctions contributing

to the development of Alzheimer's Disease, senile dementia.

In my father's area of Michigan, where there were a lot of fruit farmers,
people used to say that you had to watch out in driving because people don't
drive very well during spray season. Clearly, high doses are toxic. What
about low doses? Well, we tested it in a system similar to the one just
described. As background and as noted, we studied single units, but these
are not uniformly responsive to stimuli. The units were variously sensitive
to the size and motion of the stimulus, some responding to targets a degree of
arc or less, others responding only when the target size exceeded 40 degrees
of arc, a very large target. They differed enormously in the sensitivity to
velocity, some responding to velocities so slow that I have difficulty seeing

it, others at very high velocities.

The main class, however, was directional selectivity units. That is,
the cell would respond maximally when the target moved in one direction and
would not respond at all or, indeed, would be inhibited when a target would
move in some other direction. There were other complexities as well, but to
cut a long story short, the organophosphates pesticides abolished the direc-
tional selectivity of directionally selected cells and did not do anything
else. This occurred at doses substantially lower than the threshold doses

required to see any peripheral effects.

The effects lasted a long time, a matter of hours, which is the limit
of useful time to follow any one unit with this measure. Higher doses,
as befits a convulsive agent, just generally increased the excitability of
the whole system. So, organophosphates had a limited and very highly
specific effect on the system which occurred at very low doses, Carbamate

pesticides did the same thing, again, at very low doses.

Pralidoxines, which is used in the therapy of organophosphates pesticide

poisoning, did the same thing. Atropine and other materials, which are used
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predominantly to antagonize the central effects of organophosphates and
carbamate pesticides, did the same thing. Any perturbation of cholinergic
function blocked the directionally selected response, with some evidence that
other things were happening as well. The abolition of directional selectivity
means that erroneous information is being relayed from the eye to the higher
brain centers. As with alcohol, normally this is probably not terribly signi-

ficant since other cues about the visual universe are available.

In an emergency situation with rapid signal input rate, which has to be
evaluated, the presence of erroneous information simply increases the probabil-

ity that the pilot will move his controls in the wrong direction.

And at the postmortem, his widow will be told that since there was little
decrease in blood cholinesterase, the accident was undoubtedly due to pilot
error. This can be exacerbated in a sense because there is also evidence that
colds, other viral infections, arsenic pesticides and other things which can
affect the blood-brain 'barrier,' can, on a moment-to-moment basis, greatly
increase the sensitivity of the organism to the presence of or ganophosphate

and carbamate pesticides.

What all of this taken together means is that there is no real therapy for
many or most central effects of organophosphates. Indeed, there is good
evidence which I got in another system, that that treatment of organophosphate
pesticide poisoning with atropine may exacerbate many of these effects of the

pesticides.

Clearly, the only solution to the poisoning situation is to avoid exposure,
to use whatever protective cockpit devices are available, to wear protective
clothing at all times and to make sure that your spray controls are adequate.
This is especially critical not only to the pilot, but for ground personnel
and other people who may inadvertently be exposed to the sprays and get in

their automobile and drive for a few miles cross-country thereafter.

I should also note that these studies emphasize acute or single exposure
to organophosphates, ethanol and other factors. A good deal of evidence
suggests that the real problem with many of these may lie with the real world
situation where we are exposed to repeated and small doses of these things

over a period of time where a variety of unexpected summations occur.
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I would go on in a lengthy exposition about microwaves, but in light of
the grimness of what I have been talking about so far, I'll content myself
with saying that contrary to my expectations when I initially went into the
research, there seems to be, at least with the acute situation, no toxic
problem caused by exposure to microwaves at levels under the de facto standard

of 10 milliwatts per square centimeter.
Thank you.

DR. DILLE: Thanks, Al. William E. Collins, Chief, Aviation Psychology
Laboratory, will now summarize psychological research on flight-related per-

formance and workload problems.

DR. COLLINS: The Civil Aeromedical Institute's (CAMI) Aviation Psychology
Laboratory has been involved in research relevant to the human factors aspects
of aviation safety for over two decades. The laboratory is dedicated to the
conduct of research in experimental and physiological psychology relating to
current and anticipated biomedical and behavioral problems. That research
has included, but has not been limited to: the psychological and psychophy-
siological aspects of work proficiency; the relationship of various sensory
processes (such as vision, audition, spatial orientation, and others) to
performance; person-machine relationships; problems in air-ground communica-
tion; the effects of various types of stress on human performance; personnel
systems; selection, training, and job performance, particularly of air traffic
controllers; and the measurement of aptitudes and abilities as these relate
to aircrew and ground personnel. Our work in the area of personnel systems
has produced a number of significant accomplishments related to agency per-—
sonnel and programs. Those contributions will be covered in a subsequent

presentation.

In this discussion we will briefly note some of the kinds of research
findings that we have generated in the laboratory and other types of studies
of performance related to human factors problems of safety in flight. We have
arbitrarily divided our studies into four main sections for ease of discus-

sion,

Sensory Research in Flight Safety. Fundamental to any human factors base
for performance assessment are the human sensory systems, particularly those

that provide visual and auditory information. These systems are also
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significant in that their functions (along with cognitive processes) are
subject to various demands and stresses in aviation environments and thereby

influence both safety and health.,

In the area of audition, our laboratory has provided the agency, air-
craft manufacturers, and the flying public with noise-level data for single
engine and twin engine aircraft, for helicopters, and for crop dusting air-
craft activities. Based on those data, we have provided the agency, CAMI's
Aeromedical Education Branch, aviation medical examiners around the country,
and the flying public in general, with data-based recommendations for protect-
ing the hearing of pilots. We have gone about evaluating the various types
of ear protectors and have developed a 3-number rating system for ear plugs
that is currently being used by the Occupational Safety and Health Administra-
tion (OSHA) in that agency's basic training of inspectors. We also completed
a successful assessment in CAMI's evacuation simulator of using speech
signals to direct passengers to emergency exists when vision is obscured in

the cabin.

We have used animals in those studies where they were required to assess
the effects on visual performance of pesticides used by crop dusters. We were
able to demonstrate significant decrements in performance before the usual
symptoms of poisoning appeared. That cautionary information is being communi-
cated to pilots engaged in aerial application through CAMI's Aeromedical
Education Branch. Similarly assessed was the biomedical and behavioral
interaction of marijuana and altitude on visual performance. The prepoten-
tiating effects of altitude on marijuana-related performance decrements was
demonstrated in animals and has served as the basis for several university

studies using human subjects.

Color in various types of displays —- both for the air traffic controller
and the pilot -~ is a current human factors engineering effort. One bio-
medical side of the question involves color visionm, and we have been active
at CAMI in assessing the validity -- or lack of validity -- of several of the
color vision tests —- and types of tests -- used in the medical examinations
required of pilots and controllers. Color is also a feature of some visual
approach slope indicator (VASI) systems and we have explored, in simulators,
the effects on landing performance of different types of VASI's. In other

simulator experiments we have varied the visual cues (e.g., the length and
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width of runways), and determined the perceptual effects of those variations
in efforts to quantify the various visual illusions that occur, particularly
in "black hole" landing situations. Approach angles produced in a simulated
"black hole" situation tend to be lower than desirable and are extremely
variable. 'Black hole" approaches were also significantly lower with long or
narrow runways than with short or wide runways. Those studies support visual

effects as practical contributors to illusions, and "size" cues in the runway

image as important determinants of those illusions.

Performance and motion related to accident findings. The Aviation
Psychology Laboratory has had a long-standing interest in the problem of
spatial disorientation. The problem area is a significant one since statis-
tics over the past several years indicate that spatial disorientation is con-
sistently the third leading cause of general aviation fatalities. Our research
in this area has involved field surveys of Aviation Medical Examiners
(regarding medical tests related to detecting impairment in orientation
systems) and flight schools (regarding training in spatial orientation).

Based in part on those surveys, we have made educational recommendations re-
garding flight training and recommended against the introduction of new or
more specific physical examination requirements. Based on our laboratory
studies, we devised a methodology for familiarizing pilots with disorientation
experiences on the CAMI Disorientation Device. A private manufacturing
company in the aviation field enlisted our support in producing portable
devices ~- Vertigons —- patterned after CAMI's for general educational pur-
poses. CAMI's Aeromedical Education Branch has two of these devices and sends
them to aviation safety meetings, air shows, and similar events all around the
country. Tens of thousands of general aviation pilots have "flown' this
educational device and have been given the safety briefing that goes with it.
The Air Force has recently purchased about 30 newer versions of this familiar-

ization tool, all based on the original CAMI methods.

Analysis of general aviation accident statistics and accident reports
(through the courtesy of the National Transportation Safety Board) have also
been conducted. With regard to spatial disorientation, it is clear that
pilots need an appreciation of the problem (our Vertigons help to provide that

opportunity) and that a variety of educational techniques -~ which we have
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specifically outlined as recommendations —— are necessary to give pilots
"2 built-in association between adverse weather, disorientation, and fatal

accidents."

The human factors aspects of "propeller-to-person' accidents have also
been subjected to analyses through accident reports. Our data indicate that
the person most at risk for being struck by a rotating propeller is a passenger
who is either deplaning or assisting the pilot. Our analysis of factors
associated with this type of accident led us to make several types of recom-
mendations —- in a report currently being reviewed for publication in

Washington Headquarters -- ranging from education to procedures to hardware.

Our approaches to these various human factors problems have involved field
surveys, analysis of accident records, and also laboratory studies. With
respect to the latter, and based on our research experience regarding spatial
disorientation and other influences of motion on the human operator, we have
conducted several studies to assess specific effects of alcohol and a few
other drugs on performance during yaw-axis movement. Our initial studies on
joystick tracking behavior of a localizer/glide slope instrument indicated
that doses of alcohol which were too low to influence this type of performance
in a stationary environment were effective in producing performance decrements
during the additional stress imposed by motion. Similar results are obtained
with ordinary doses of depressant drugs, including Dramamine, an over-the-
counter preparation to prevent motion sickness. The importance of these find-
ings in assessing potentially adverse influences of drugs on performance in
any transportation system is clear --— the possibility of undesirable side

effects specific to motion must be considered.

We have also been examining performance during the so-called hangover
stage following alcohol intoxication. These laboratory studies have been
geared particularly to the FAA's "8-hour rule" of abstinence from alcohol
prior to flying. So far, our tests indicate no deleterious hangover effects
on tracking performance during motion, on the MTPB, or on speech perception
against a background of aircraft noise. Our studies are, however, in no way
complete since we have worked with relatively moderate peak blood alcohol
levels (averaging 90-100 mg percent) and have not incorporated the additional

interactive stressors of altitude, noise, and vibration.
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Our current research efforts involve alcohol/altitude/noise interactions

and their influence on performance at different workload levels.

Complex performance and workload. Our laboratory research in human factors
problems related to both individual and team performance has made use of CAMI's
Multiple Task Performance Battery (MTPB). The MTPB was originally developed
for the Air Force by the Lockheed Company to provide an array of six synthetic
tasks specifically designed to assess skills relevant to piloting an aircraft
under varied conditions of workload. The six tasks include: detection of
changes in red and green warning lights; monitoring changes of needle deflec-
tion in four meters; mental arithmetic; a two-dimensional compensatory tracking
task with a joystick control; individual and group problem solving; and pattern
identification. CAMI work on the MTPB has led to probably the first data-based,
quantitative documentation of a separate human ability to "time-share" —- a
concept in frequent use in human factors research. We have also used the MTPB
to establish rates of adaptation and significant factors in performance modifi-
cations during laboratory simulations of time-zone changes. And, in the process
of being published as 0AM (Office of Aviation Medicine) reports are two recent
studies —- one of which showed no deleterious effects on performance of a 24-
hour crash diet and another which demonstrated some specific declines in per-
formance during a few hours of withdrawal from cigarette smoking. Although
additional research is needed, the latter finding, has considerable current
implications for proposed rules regarding any ban on smoking in the cockpit of

aircraft.

We have also been examining some aspects of noise on performance. We have
recently assessed effects of 24 hours of sleep deprivation on 2-3 hours of MTPB
performance with aircraft noise present, and ear protection used in some tests
and not used in other tests. Of interest is the finding that, while sleep
loss produces clear performance deficits, less deficit is present without ear

plug protection against the noise stressor than with ear plug protection.

Our MTPB complex is currently in use in support of research projects con-
ducted by CAMI's physiologists and in the assessment of aeromedical implications

of alcohol usage under varying workload demands.
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A final area of our laboratory research which involves workload is
oriented more toward the human factors aspect of air traffic control work than
it is toward piloting aircraft. However, our approach has implications for
certain types of piloting behavior and represents an attempt to be a step
ahead of current workload issues by assessing the human demands imposed by the
generics of a proposed future hardware system. Specifically, we have been
concerned with questions related to vigilance and monitoring ability using
computer-generated radar displays. Our displays incorporate alphanumerics and
our research scenarios require less control of the simulated traffic than they
do the detection of specific "significant' changes which occur relatively
infrequently. The tasks might thus be considered to be low on a workload
scale and the primary demand is that of monitoring computerized traffic

changes.

Our most recent studies in this area have some direct personnel implica-
tions. In one study we established the similarity of performance of both men
and women with the various measures of performance on simulated radar tasks.
Our most recently completed task -- our report of which is currently being
reviewed in Washington Headquarters for publication purposes -- involved age
differences in radar monitoring performance. Our results indicated significant
performance deficits across a 2-hour monitoring session which were greater for
our 60-year old subjects than they were for 40-year olds, which in turn were
greater than those obtained for 20-year olds. The application of these find-
ings to current considerations regarding changes in the agency's ''age 60" rule

is fairly obvious.

During the current budget-imposed hiatus in training at the Academy, we
are working with instructors in the Academy's air traffic training program in
evaluating vigilance problems under low task loads in highly automated radar
systems. We are also looking further into the question of age and performance
decrement —— we are examining the possible effects that the wearing of bifocals
might have on these decrements. And, finally, we are pursuing studies to
determine personality and physiological predictors of performance decrement on

monitoring tasks.

Thank you very much,
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DR. DILLE: The fourth Laboratory chief we'll hear from is Carleton E.
Melton, Chief of the Aviation Physiology Laboratory. Carl's had considerable
involvement in the ozone and other studies and also a lot of experience in

Studying stress in air traffic specialists, student pilots and the like.

I believe this is the first presentation on fatigue and stress in flight

inspection crews.

DR. MELTON: Thank you, Dr. Dille. Before I get to the flight inspection
experiment, I'd like to go back and talk about some of our earlier experiments
as far as overview and share with you some of the reasons how we got into that

work and what we hoped to accomplish by it.

I had a personal experience the other day that I think is illustratiye
of the main reason I think we're here at this conference. On my desk at home
I have a squeeze bottle of glue and a squeeze bottle of eye drops. Now, these
are both made of white opaque plastic, but of different shapes, and I had a
recycled stamp that didn't have any stickum on it, and I attempted to put some
glue on it, but I got the eye drops by mistake and squirted the eye drops all

over the stamp.

It didn't amount to very much. I just wiped it off, swore a little bit,
but I got to thinking, Would it have been a bigger mistake if it had been made
the other way around and I put the glue in my eye? And I decided it probably

wasn't a bigger mistake, but the consequences were much greater.

And T think in aviation we tend to judge the size of the mistake by the
size of the consequences. It's not uncommon for a pilot to line up on the
runway, and particularly if its a left and right runway situation, even to land
on the wrong runway. It commonly doesn't make any difference; a little
embarrassment maybe. The controller might chip at you a little bit. But it
did in Mexico City. And yet the man in Mexico City didn't make a much bigger
mistake than, say, the general aviation pilot at Will Rogers would, but the
consequences were much, much greater. And it appears to me that there is a
base rate of error that we're never going to pass in the system, that it's just
the way the computer is built and there isn't going to be a model change in the

future that we know about.

So I don't think we're ever going to get this error rate out of the system
and we'll probably always have accidents that are due to some fundamental errors

of confusion.
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However, there are some things we can do about it to minimize accident
rates and improve safety. One is we can make the system more tolerant of
error. We can make a more forgiving system, recognize that this error rate

is greater than zero.

The other thing we could do is make sure through training, proficiency,
recurrent training, education, selection, certification, all those things,

that we have a system that keeps the error rate at that absolute minimum level.

And what we've been doing in the physiology laboratory for the last 20
years is looking at factors in the aviation system that keep the error rate

higher than it needs to be.

I guess you could say we began at the beginning in this area of work
because we started with student pilots who had no previous flight experience.
The first group we put through a perfectly conventional syllabus, unstructured.

We provided no input to syllabus.

We turned the fixed base operator loose on them. We went along and made
measurements on them (Dr. Crane was one of those; he remembers it very well)

and followed them through the syllabus.

Now, characteristically, when these students began in this syllabus, they
were joyful, realization of a dream to fly, wide open for learning, relaxed.
In this highly desirable state under the tutelage of classical instruction
technique, you might say, they progressed over a period of flights to a level
of terror that caused the physician who was in charge of the laboratory, where
urine analyses were being conducted, to phone and ask if one of our students
had a tumor because his output of adrenaline-like substances was so great that
it appeared to be pathological. This student was actually hospitalized for

studies as a result of this.

This taught us that the instructor was probably the most powerful stressor
in the system, and paradoxically, the greatest impediment to learning. We took
another group of subjects, took a rather frontal attack on the problem, and
gave the students a tranquilizer, carefully supervised on dual flights, of

course.

Now, this didn't have very much effect. We probably gave the tranquilizer

to the wrong person. We probably should have given it to the instructor, and
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I think we would have gotten better results.

We then pulled out all the stops, hired an instructor who was the
picture-book type: experienced, mature, modern in his approach. We used the
best syllabus that we could come up with, a highly idealized syllabus. We
incorporated a ground trainer into the syllabus for ten hours of instruction
for half the students. The other half got all their training in a Cherokee.
And we found indeed that the stress levels were markedly reduced. And we
found additionally that those who got their training on the ground, part of
their training in the ground trainer, did just as well as those who got all
their training in the airplane and at a much lower physiologic and economic

cost.

So with this background, we found and strongly believe that this business
of quality instruction is more than a nicety. 1It's a safety factor. These

pilots are safer pilots.

In the old group, some of them are still flying, and they're still flying

with the fears that were taught to them when they were students.

One of those students participated as a private pilot in a later study,
and on landing at Love Field, when that airport was a principal terminal for

that area, had a heart rate of 180 beats a minute.

Now, we wouldn't allow a person on a treadmill to obtain that level of
heart rate because it wouldn't be safe. And this person was sitting quietly

in a cockpit of a Cessna 150, and tha's been shown to be light work.

So this is a very ponderable stress, Those students suffered a level of
stress that's comparable to Gemini astronauts on blast-off. So it's something

to recognize and be dealt with in a modern way and in a good training syllabus.

We, in our latest series of experiments, were called upon to evaluate
fatigue in flight inspection pilots because of, I guess you would say, the
increase in work density resulting from the shift from propeller driven air-

craft to executive jets.

And so we went to each of the Flight Inspection Field Offices in the
Continental United States, seven of them, and studied the three-man crews at

each of these Flight Inspection Field Offices.
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These three-man crews, for those of you who don't know, consist of aircraft

commander, copilot and electronics techniciam, wiZ = =" +hs meopewrement gear

to check the calibrations and specifications of the navigational aids.

Characteristically, these crews work five days in the office and then
they're on the road. They're in the air for five days doing flight inspection
work away from the office. So we studied each crew for a week in the office

and then a week doing flight inspection work.

The principal instrument that we used for measurement here was the fatigue
checklist which was developed at the U.S. Air Force School of Aerospace

Medicine at Brooks Air Force Base, and validated there.

We also made physiological measurements on them in flight, recorded the
electrocardiogram continuously and collected urine specimens from them for bio-

chemical analysis.

The crews commonly expressed the opinion that office work was more fatigu-
ing that flight work was. This was one comparison we were very interested in
since flight work has been shown by Latlle and Joy and others, including our-
selves, to be light work; that office work and flying are of similar character
as far as metabolic expenditure is concernmed. So if we could take that first
slide. This compares the prework values by crew positions that you see along
the bottom there. The fatigue checklist score should tell you that the lower
the score, the greater the fatigue; the lower the number, the greater the

fatigue.

And this simply shows that when they report for work, regardless of
whether it is flight or office, they are equally rested, except for techni-
cians, who apparently report for flight work somewhat more fatigued than they

do when they report for office work.

And after work, the same sort of thing, again, the lower the bar, the
greater the fatigue. It shows that in all positions the flight work is more

fatiguing than office work.,

Now, this we interpreted as being a confusion of work preference with
objective work intensity. The fatigue checklist forces the individuals to
choose descriptors that indicate true fatigue rather than "you make me tired"
kind of fatigue, which they probably experienced in the office - negative feel-

ings that are summed up as a statement of fatigue.
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And the differences there are significant at the one percent level between
flight work and office work. This is how the fatigue checklist differs. The
difference in prework and postwork values shows the same thing. The differ-—
ence is greater for flight work than it is for office work, but both of them
would be described as light physical work. So there's an added component to
fatigue in flight work that doesn't appear in office work. And this is again
much the same at these different Flight Inspection Field Offices: Seattle,

Los Angeles, Minneapolis, Battle Creek, Atlanta, Oklahoma City and Atlantic

City.

And it shows prework and postwork values in the office and preflight and
postflight values at the different FIFOs. And again it shows that fatigue is

greater after a flight. At each of the offices, it is a consistent finding.

And this is the difference in prework and postwork by facility. And
again, it is a consistent finding, though at some the difference is greater

than at others.

Day by day, fatigue levels are shown here. The dotted line shows fatigue
levels in the office, prework at the top and postwork in solid circles lower

down; and for office work, it shows that the lines are fairly flat.

This indicates that there is a complete reversal of fatigue during the
rest period, but for flight work there's apparently an accumulation of fatigue
over at least the first four days of flight indicating that there is not a

reversal of fatigue during the rest period.

The end spurt phenomenon is very characteristic of people who have an
imminent expectation of release from duty on the fifth day. These are heart
rate values taken from the crews and it shows office and flight values at the

separate FIFO's.

It shows heart rates are higher during flight, significantly so in most
cases, than in the office., And this gives us some insight into the fact that
sympathetic outflow arousal is a good deal higher in flight, even though it

might not be reflected in metabolic measurements, than it is in the office.

And this is heart rate, office and flight, by crew position, and it shows
that for aircraft comanders and copilots there is a significant difference

between flight and office and not a significant difference for technicians,
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though technicians show somewhat higher mean heart rate than do the cockpit

crew members.

Well, the conclusions that we can draw from this are —— oh, and I should
mention the urinary studies that the FIFO flight crews show somewhat less
chronic stress than do other corporate groups that we've studied, other
workers here at the Aeronautical Center, air traffic controllers and experi-
mental subjects in the laboratory. But they do show a somewhat higher acute

workload level than these other workers groups.

This report is still being evaluated in the office flight operations and
I can't report to you what adjustments might or might not occur as a result of

these studies.

We did show in one or two cases, particularly in the case of technicians,

that by the Air Force criteria, severe fatigue was evident.

In some cases, moderate fatigue levels were evident in cockpit crews. Yet
none of these people, either biochemically or by the fatigue checklist instru-

ment as a group, were outside the range of normal.
Well, I see my time is up. Thank you.

DR. DILLE: In a given year, about 25 percent of our research effort is
devoted to aircraft control specialists. And on this morning's agenda, we
have only one, the forthcoming paper by Jim Boone, from our Chief, Selection
and Testing Research Unit, on psychological research on air traffic control
specialists. We hope that most of the other significant data we can offer will
cowe out in the workshop in the tour portion for the air traffic control

group tomorrow.

DR. BOONE: An important area of research at CAMI's Aviation Psychology
Laboratory has been the methodical detailing of the attributes of air traffic
control specialists (ATCS's). Of particular interest are those attributes that
discriminate between successful and unsuccessful ATCSs. Research has centered
on two areas: the screening of ATCSs, initially through use of a selection
battery and during developmental pass/fail training phases, and the character-

istics of the workforce once ATCSs become full performance level controllers.

The entire screening process for ATCS candidates is a sequential procedure

consisting of the initial Office of Personnel Management selection test
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battery, basic non-radar and radar training phases at the Federal Aviation
Administration Academy in Oklahoma City, and approximately ten phases of

training in their respective field facilities. All phases of training are
pass/fail. This presentation covers each component of the three screening

steps individually.

CAMI began research on selection by administering a series of tests to
newly selected ATCSs and correlating the test results with Academy performance.
Normally this is done in the Headquarters auditorium on the first day prior to
any training. Regression analyses resulted in a five test battery that best
predicted Academy success. The present OPM selection test battery consists
of these five tests recommended by CAMI researchers. There are: arthimetic
computation, spatial relations test, complex oral directions test, abstract

reasoning test and ATC problems test.

Prior to the selection battery implementation, CAMI studies revealed that
attrition at the Academy was approximately 30 percent while field attrition
was about 20 percent. Later CAMI studies on classes after implementation of
the selection battery revealed a significant drop in attrition at the Academy

to 22 percent and in the field to 16 percent.

Presently CAMI is involved in research aimed at assessing several new
tests that show promise for inclusion in the selection battery. If everything
continues as planned, implementation of a new selection battery should occur
in fiscal year 1982. This should further decrease training failures. Full

evaluation by CAMI of the new battery will occur after its implementation.

Other significant CAMI research on attributes used for initial selection

are summarized as follows:

Age effects. CAMI studies on age differences are viewed by many in the
agency as representing the most significant improvement in the selection
process. CAMI studies revealed that training attrition rates for trainees 31
years of age and older are two to three times as high as those 30 years of age
and younger. These CAMI studies played a decisive role in Congressional
legislation establishing an optional early retirement for ATCSs and the imposi-

tion of an upper age limit of 30 on recruitment of trainees.
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Prior experience effects. The only ATCS related experience found to be a
valid predictor of success was prior experience with IFR (instrument flight
rules) traffic control, i.e., radar. Aviation experience, such as being a
pilot, or VFR (visual flight rules) ATC experience, i.e., nonradar, did not
predict ATC success. Based on this research, CAMI recommended that limited
points be given for some prior experience, such as VFR ATC, and that points be

eliminated in other areas such as prior pilot and communication experience.

Education effects. CAMI research has found no education variable that is
comsistently predictive of ATCS success. In some cases educational level
appears to be inversely related to Academy success. These results have led

CAMI to recommend the elimination of extra points on the basis of education.

Sex effects. CAMI studies on sex differences in performance at the
Academy showed no significant difference between men and women. Significantly
fewer women were found to have prior ATC experience. Field attrition showed
women attriting at higher rates. However, the differential attrition was mainly
due to personal reasons. This result led to a more precise definition of

causes of attrition in women ATCSs.

Following initial selection, the second stage of screening occurs at the
FAA Academy. The program consists of a nonradar phase with two program com-
ponents: academics, where students learn in a classroom environment basic
knowledge requirements; and laboratory performance, where the knowledge is
applied. The program also consists of a newly established radar phase also
containing academics, where again the student learns basic knowledge and
laboratory performance, where the knowledge is applied. CAMI is responsible
for the entire program evaluation of both these programs. This includes the
development of measurement devices as well as monitoring the program's progress

and quality.

The program evaluation model designed by CAMI for ATCS Academy research
contains four components. These are: design evaluation, implementation
evaluation, formative evaluation, and summative evaluation. Program design
and implementation evaluation, as the terms imply, occur at the beginning of
the program. Formative and summative evaluation are the more important phases
and occur simultaneously, and serve to evaluate the process and course of the

program and its products. Each of these evaluation components uses the
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techniques of statistics, math modeling, and various reporting systems. The
mainstay analytical tool is our VAX 11/780 Computer system. Our data files
consist of 587 columns on approximately 8,000 ATCSs. On input-by-input basis,
formative statistical reports are summarized for research purposes and for
transmittal to decision-makers. Statistics include sample sizes, means,
standard deviations, intercorrelations, pass/fail rates, reliabilities on
tests and labs, tests for parallelism on different forms of the same measure,
and item parameters, i.e., item difficulty, item discrimination, and the
validity of parallel laboratory problems and new items for parallel tests.

Further, statistics are cumulative up to and including the most recent input.

When, based on the formative summary data, there appears to be a problem
in how the training program is running, CAMI has the responsibility to alert
the appropriate administrative personnel and prepare a concise report identi-
fying the problem areas. Isolating the exact area requires considerable

mathematical modeling.

Statistics and reports are summarized from the summative data base on a
periodic basis for research and as information for decision-making. Statisties
include sample sizes, means, standard deviations, intercorrelations, validity
coefficients, attrition rates, and mathematical modeling. Attrition data is
stratified by minority status, sex, prior experience, type of entry, veteran's

preference, educational level, reasons for attrition, option, and region.

If the summative data base demonstrates a problem in the program, CAMI
indicates a need for a major program revision. The data are reviewed very
carefully to isolate the source of the problem. As in the formative evaluation
the decision-makers are alerted to the problem but, in addition, in the case of
the summative data, Washington level policy-makers and Aeronautical Center
officials are alerted. Major program revisions require careful planning and

more detailed attention than revisions based on formative data.

An example of a particularly significant and current Academy procedure
which resulted from identification in the implementation data base of a need
for a major program revision is that of the relative weight of performance
measurement components in the nonradar lab. Our identification and recommended
revision led to a revamping of the assessment program at the Academy where

laboratory scores were weighted far more than academic scores in forming the
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student's composite score. Prior to this revision the enroute Academy attri-
tion rates were about 4.5 percent and later summative data on this group
yielded a field attrition rate of 24.4 percent. After the scoring revision,
the attrition rate at ‘the Academy rose to 16.2 percent, while CAMI summative
data of this group showed a drop in field attrition to 17.6 percent, indicating
that attrition after the change was occurring at the Academy rather than three
years later in the field. Modifications made in the screening process based

on the CAMI research formative and summative data base has led to present 30
percent attrition rate at the Academy and an 8 percent attrition rate in the

field.

In summary, what are the bottom line products for CAMI research in
screening? Based on the selection battery research, we noted a decline in
Academy and field attrition rates from 30 percent to 22 percent and from 20
percent to 16 percent, respectively, following implementation of the screening
battery currently in use. In the Academy screening phase, following the
initial drop in Academy attrition rates due to the introduction of the selec-
tion battery, the Academy rates have climbed to 30 percent while field attri-
tion has declined to 8 percent, indicating an early screening of potential

failures in the program.

Based on the Aeronautical Center's budget office estimates, the present
screening procedures provide a cost avoidance of conservatively 10.5 million
per year or, more realistically, 13.8 million per year compared to the pre-
selection-battery era. In human savings, the savings in time and effort for
candidates that are screened out in 3-5 months as opposed to 3-4 years, are
intuitively obvious. Further, while it is impossible to place an accurate
value on human safety, it is a reasonable and logical inference to assume that
an increase in the quality of personnel entering ATC and an increase in the
quality of training could only result in an increase in the potential for the
saving of human lives. CAMI screening research operates with the clear under-
standing that, as the U.S. Armed Services have discovered much to their dismay,
sophisticated equipment is a must in our modern era, but the productive use
of sophisticated equipment is extremely reduced unless it is manned by

qualified and well trained personnel.

CAMI field research into the psychological characteristics of the full

performance level (FPL) ATCS workforce covers two main areas: stress/anxiety
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and job attitudes. The results of some of these studies may be summarized as

follows.

The principal instrument we have employed to study psychological stress
is the State-Trait Amxiety Inventory (STAI). Our findings, obtained in colla-
boration with CAMI's physiologists during on-site stress studies at towers and
centers, show that ATCSs score significantly lower on this measure of psycho-
logical stress/anxiety than either college students or the normal adult popu-
lation. Results of another test, a mood-adjective checklist, have verified
these results. The findings also demonstrate an increase in anxiety across an
eight-hour work shift for ATCSs. However, this result is not significantly
different than reported anxiety across shifts for a variety of non-ATCS jobs,
such as engineering. The general conclusions of these studies are that ATCSs
are well within normal adult limits on psychological job stress, and that any
deviation appears to be toward less anxiety than is average in other work

settings.

We have conducted several surveys to assess job motivation and job
attitudes. In general, what ATCSs find most positive in their job is the job
tasks, the challenge of ATC work, and their pay. What they dislike most is
management, work schedules, and job tasks not directly related to ATC work.
These likes and dislikes are similar by category to those reported for other
occupational groups. Thus, methods which are successful in improving job
motivation and morale for other occupations are likely to be effective with
controllers. Concerning shiftwork, the most negative attitude was toward the
night shift and most ATCSs preferred a rapid turn-around shift rotation as
opposed to spending a long time on one particular shift. Overall, approximately
90 percent of surveyed controllers were satisfied with their occupational
choice, a proportion that is well above what the average worker reports for
other occupations. Parenthetically, we have been collecting similar data

on airway facilities personnel,

Present research in the psychological characteristics of FPL ATCSs
includes research on system errors. System error refers to a violation of air
traffic separation standards. Preliminary results indicate that approximately
90 percent of the system errors are a result of human error, while the errors

are rather evenly distributed across the work shift, with the exception of the
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last hour, errors tend to occur more frequently just after a position change-
over, and the number of errors is related to the number of IFR operations at
the facility, as opposed to the total number of aircraft operations. We are
also currently involved in assessing the reactions of airway facilities per-
sonnel to the new maintenance concept being instituted on a national basis.

Our research support in these air traffic and airway facilities tasks involves,
of course, direct interaction with the FAA workforce in areas of primary and

current interest.
Thank you.

RECESS
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SESSION 2
(July 7, 1981)

DR. DIEHL: We have a pretty lengthy group of distinguished speakers this

afternoon.

Each of these individuals, I would add, will be in the one of the four
workshops tomorrow, and they will have more to say in those workshops. However,
because of their stature we thought that they should have an opportunity to

talk to the entire group today.

So without further ado, I will introduce Richard G. Snyder. He is certain-
ly one of the most widely published individuals in the area of aviation safety.

Dr. Snyder is a former Air Force instructor pilot. He earnmed a Ph.D. in
Physical Anthropology at the University of Arizona in 1959. He was with CAMI
from 1960 to 1966 before joining the Ford Motor Company to head their Biotech-
nology group. In 1968 he joined the University of Michigan. He is now a full
professor and head of their Biomedical Department in the Highway Safety Research

Institute.

He is the author of fourteen books and has published over three hundred
articles. He is also currently a consultant to the Aircraft Owners and
Pilots Association, to NATO and to various other government associations. And
additionally, he is the chief investigator for the State of Michigan for their
aircraft accident investigation program. Gerry is going to speak about human

factors, the missing link in general aviation accident investigation.

DR. SNYDER: The human factors aspects of aircraft design and operation with
respect to accident prevention include a wide variety of biomedical and behav-
ioral areas. These have primarily been reported from military or civil air car-
rier viewpoints, with much less attention given to problems in general aviation.
In this presentation I'd like to focus on... and question... the fundamental
assumption of our human factors knowledge relative to general aviation aircraft

accidents, and suggest a new approach and methods to improve our knowledge.

We all know that the problem is the pilot... or is it? "Pilot Error" has
been almost universally cited as a prime causal factor in a high percentage of

general aviation accidents.

Until December 1926 civil aircraft design, manufacture, and flight was com-

pletely uncontrolled, and accident data prior to that time is sketchy. However,
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human factors in the form of pilot error was prominently reported in the very
first Department of Commerce report on civil air accidents and casualties.

For the year 1927, 200 accidents involving 313 injuries were reported, and

LY

(1)

"pilot error" was attributed to 78, or 48%, of the 164 fatalities. Inci-

dentally, only 34 of the 200 aircraft and four of the pilots were licensed.
Charles Lindbergh, with four bailouts by 1927, typified the hazards of early
flying. He was nearly grounded by the Department of Commerce just prior to his

(2)

trans-atlantic flight in 1927.

A recent NTSB analysis of factors associated with 17,312 general aviation
single-engine fixed-wing accidents concluded that the pilot was found to be a
cause or factor in 86% of the total accidents and 90% of the fatal accidents

(3)

studied. However, it was also observed that it was not possible to assess
the significance of the pilot's role in these accidents because of the lack of
appropriate "flight exposure data." The reason for this has often been over-

looked and understated.

In 1978 there were 25 air carrier accidents (6 fatal with 163 fatalities).
Most of those accidents were competently investigated to assess the role of
human factors(a) (Table I). However, at the same time there were 4,609 general
aviation accidents, 795 of which were fatal, with 1,690 fatalities. Only six of
these —-- four air commuters and two general aviation aircraft accidents — were
investigated by a member of the NTSB human factors team.(s) Excluding the mid-
air collision at San Diego (25 September) between an air carrier and light air-
craft, resulting in 155 fatalities, not one of the other 4,607 general avia-
tion accidents is reported to have received any investigation by a Federal human
factors specialist. 1In 1978 the NTSB investigated 985 aircraft accidents and
significant incidents, including all in-flight collisions and all air taxi and
air carrier accidents. The field investigations of 3,504 other accidents were

delegated to the FAA.(A’ p- 38

Last year there were 20 air carrier accidents (2 fatal, with 14 fatalities)
and 25 commuter accidents (4 fatal, with 19 fatalities). Fifteen (33%) of these
were investigated for human factors data. But preliminary statistics show there
were 3,799 total general aviation accidents, 677 fatal with 1,374 fatalities.
Although NTSB field investigators investigated a total of 940 aviation accidents

in 1980,(8’ p- 1D only one aviation accident was reported to have received hu-

man factors investigation.
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TABLE I. COMPARISON OF AIR CARRIER, COMMUTER, AND
GENERAL AVIATION ACCIDENTS 1978-1980

Total
Annual H. F.
Investigations Air Carrier Air Commuter  General Aviation
1978 (4:5)
Accidents % 25 32 4,609 i
Fatal 6 e 795
Fatalities 163 42 1,690
1979(5:6)
Accidents 26 32 4,051
Fatal 5 10 682
Fatalities 352 59 1,382
1980(5:7-8)

Accidents 20 25 3,799
Fatal 2 4 677
Fatalities 14 19 1,375

The large figures refer to the number of NTSB Human Factors "go-team"
investigations involving either air carrier, commuter, or general aviation
categories of accidents. Data supplied by National Transportation Safety
Board as referenced above. Note that in some cases these rnumbers include
human factors investigation of accidents conducted in foreign countries of
aircraft not listed in U.S. statistics.

%%k
For 1978 no general aviation accidents were reported investigated for human
factors in the NTSB Safety Information Preliminary Data for 1978 release of
16 January 1979. Subsequently two cases have apparently been reclassified.
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The statistics raise an obvious question. How can we assume that we know
much of anything at all about human factors aspects of general aviation acci-
dents if they are not investigated in depth by trained specialists? The high
incidence of pilot error in the statistics should be treated with suspicion and

many reservations.

This situation is often not the fault of the FAA GADO (General Aviation
District Office) inspectors of NTSB field investigators. The entire NTSB pres-
ently has only four human factors specialists -- all in the Washington office —-
and hardpressed to handle even a portion(ls) of the 45 air carrier and commuter
accidents which occurrred in 1980. As a result they were able to investigate
only a single '"general aviation" accident last year. FAA maintenance inspec-
tors, operations specialists, or even safety specialists seldom have been
trained in human factors, and many have not even been trained in accident in-
vestigation. Only a handful of FAA employees are human factors specialists,

and their duties primarily involve research and administration activities

rather than routine field investigation.

A further problem is the time and resources required to conduct an in-
depth accident study. Informed sources indicate that the FAA spends four hours
on the average general aviation investigation, and the NTSB (which usually is
only involved in fatal or major accidents) averages 15 hours. This is not suf-
ficient time to get very far with a human factors study, no matter which area
it is concentrated in. Even a major air carrier investigation is limited to

(5)

200 hours toral human factors effort.

Two weeks ago a serious crash (four injured) occurred in which the des-
troyed aircraft was '"released" 20 minutes after the FAA arrived at the scene.
It was loaded into trucks by a back-hoe, and transport from the scene was in-
itiated within 90 minutes. In the case of on-airport crashes the airport manage-

ment is usually anxious to remove the wreckage from sight.

It would be completely infeasible to cover every accident with a human fac-
tors study, even assuming sufficient numbers of experienced professionals could
be found. Yet, some improvement over the zero-data base presently employed must
be considered. One approach being tried by the NTSB and FAA is through more com-
plete data collection forms. However, the success of this will ultimately de-

pend upon the time, effort, and ability of the individual who presently is un-

61



able to fill in even the estimated impact velocity, attitude, or other environ-
mental crash dynamics in 95% of the present '"short' accident investigation re-

ports.

There is yet another approach. During the past 12 years, selected general
aviation accidents have been investigated by University of Michigan researchers,

primarily for crashworthiness and to determine causation of occupant injury in
; 9-18 B
order to recommend improvements in occupant crash protectlon.( ) This is

similar in some respects to studies previously conducted at CAMI by John

(19)

and the tocicological investigations which have been subsequently
(20)

Swearingen

continued by Dr. Kirkham.

We work in cooperation with the Michigan State Police and local FAA and
NTSB investigators, but as a separate entity. It is generally not recognized
that in the university environment experienced pilots can be found who are also
specialists in a particular professional discipline. This provides a resource
of unusual human factors talent, including not only psychologists and medical
specialists, but anthropologists, industrial and operations engineers, and

other specialists, including, in our case, a suicidologist.

While we have lacked support to demonstrate what an in-depth multi-discip-
linary team effort could accomplish, we have studied selected accidents from

the point of view of various human factors specialists.

Incidentally, with few exceptions, the human factors specialist should
also be an experienced pilot. He can most fully understand the pilots' envi-
ronment in reconstructing an accident. Pilots routinely experience problems
that might never be recognized or considered by the non-pilot investigator.
For example, on an IFR flight in the middle of turbulence, a right front seat
passenger drops a glowing cigarette lighter and the pilot gets vertigo while
trying to reach down to recover it. How many times have you hurried the land-
ing, or even made an unscheduled landing, because you had a compelling call of
nature? Could this explain why a pilot recently attempted a below-minimum land-

ing on a field closed by weather, killing himself and three others?

The term "human factors' involves a wide variety of considerations, in-
cluding control/display behavior, physical workspace environment, pilot train-
ing technique and judgment, physiopsychological and psychomotor factors, fatigue,

and toxic and biomedical aspects (Fig. 1). In many accidents, pre- and post-
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FIGURE 1.

TOXIC
ENVIRONMENT

HUMAN °R?°::ment
F. ACTO RS :Fc')o eration

AIRCRAFT o |dentification
ACCIDENTS

HUMAN FACTORS TYPICALLY INCLUDE THE ABOVE AREAS AS WELL AS A
WIDE VARIETY OF OTHER CONSIDERATIONS. FEW PROFESSIONALS ARE
TRAINED OR QUALIFIED IN MORE THAN A FEW AREAS, MAKING THE TEAM

CONCEPT NECESSARY.
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crash emergency egress is important. Usually none of these areas is considered

in a general aviation accident investigation.

There is an extensive literature dealing with various aspects of human
factors. Among studies of particular interest are the following. 1In Canada,

Hemming has described the questions of a human factors investigation. He

points out that '"pilot error' is no longer an acceptable label.(Zl’ P GE2))

(22)

MacNamara et al. has outlined a systematic model of the analysis of human

(23)

has discussed Australian human factors
(24)
has

factors in aircraft accidents. Lane
problems and techniques from the cost-benefit point of view. Burgin
described the false hypothesis phenomenon, in which information processing and

decision-making are not based upon all of the available facts. A variety of

medical aspects of human factors described by Mohler(zs) and Dille and Morris

(27)

require the cooperation of a number of medical specialities. Barron

(26)

has re-
viewed psychophysiological and environmental factors assessed in investigations

(29) has described a number of approaches and

of military accidents. Miller
reiterated recommendations regarding the value of human factors investigators
in aircraft accident investigation. This is a highly recommended comprehensive
analysis which also provides a useful bibliography.

(30 identified and analyzed 35 human

Under FAA contract a recent study
factors design issues related to the major performance problems of general
aviation pilots. Some crashes involve extremely complex human factors and re-

quire a multidisciplinary team approach for adequate analysis.

Typical human factors problems can be illustrated from our studies to date.
For example, at 4:10 a.m. a Beech D-18S crashed onto an ice-covered lake while
attempting an ILS final approach to the runway 1/4 mile away. The crash was
non-survivable to the two pilots, and the cabin and cockpit were destroyed by
post-crash fire. Weather was IFR with a ceiling of 300 feet and 1-1/4 mile
visibility reported the previous hour, with light rain and fog at the time of

the crash.

Among human factors items developed: FATIGUE - the pilot had flown 15
hours 12 minutes without rest. The flight had started 23-1/2 hours previously,
with landings at five airports in two countries. (Another pilot in the same
type aircraft under similar flight conditions had admitted to falling asleep on

final in an earlier crash at the same airport). DESPONDENCY: The pilot was
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divorced with seven children, and his engagement to another woman had just been
called off. He had a complicated personal life, and may have also had medical

problems.

The COPILOT was not qualified or checked out in the aircraft, was on the

flight to build time, and reportedly had recently failed an instrument check.

Both occupants were ejected, and there was some question as to who was
flying. A laceration on the left hand of the copilot could indicate that the
copilot nad his hand on the throttle. At impact the aircraft was to the right
of course and turning away from the runway in a right turn. To further compli-
cate matters, it was reported by a witness that the runway lights were out at
the time of the accident, but these are automatically reset in the event of a
power failure and supposedly could not have been out more than 1-1/2 seconds.
There were also two pilots reports of brief high wind conditions and "wind
shear" between 2:00-4:00 a.m., with branches blown off a tree located at the

outer marker. In this case, there were multiple contributing factors.,

Within the past two years there have been at least three suicides by air-
craft in Michigan. These are often difficult to determine, and even where
evidence is overwhelming, generally such cases are listed as accidental by the

medical examiner.

Of major concern among medical factors is the question of the role of al-
cohol and drugs in general aviation aircraft accidents. At present some med-
ical information is available on a reported 80% of pilots involved in accidents,
and approximately 65-70% of pilots fataily injured in crashes undergo some form
of autopsy.(zo) However, to date very limited information is known for the vast
majority of crashes where the pilot is not fatally injured. Therefore, no tox-
icological information is obtained. This represents a large unknown in bio-
medical human factors. The impending implied consent requirements (which would
require any pilot receiving a medical certificate to allow a blood sample to be
taken after involvement in an accident) will be an important and long-needed

means to obtain information on the incidence and influence of alcohol and drugs

in accidents.

Several studies have documented that there are "design-induced errors"
related to many accidents, which may be attributed to pilot error. In one CAMI

study,(31) for example, it was found that in two models of aircraft comparable

65



in performance, the gear and flap handles found in one model were reversed in
the second. Habit interference involving switch and control confusion has
also been reported by Lane(23) in an Australian study. Accidental activation
of one control when reaching for another can occur when controls are spaced too
closely together or when they are left unguarded. Use of the wrong controls

or improper setting of a control implies that the operator does not receive
sufficient feedback to recognize the mistake. Aircraft-design-induced pilot

error can be masked without adequate human factors investigation, as described

(32)

Major studies include the U.S. Army Handbook of Inadequate

(33)

by Miller.

Aircraft Design, and a study by the Bureau of Safety, Civil Aeronautics

(34)

More recently an AOPA (Aircraft Owners and Pilots Association)
(35)

article on cockpit standardization has reviewed current examples.

Board.

It has frequently been found that an accident may occur as a consequence
of a number of factors coinciding, which, had they occurred separately, would

not have caused the accident. Such human factors are not easily detected.

Aircraft occupants are often injured post-crash, either in the course of
egress or because they are unable to evacuate. One technique we have adapted-

in selected crash investigations involves a physical task analysis. The pur-

pose is to demonstrate how possible human factors problems can be identified.
The task analysis is performed in four steps (Table II). The first step is to
group into functionally distinct tasks the activities required to exit the air-
craft. 1In the case of the Gates Learjet 35A, (Fig. 2) for example, nine tasks

have been identified in order for the flight crew to exit.

Secondly, the tasks are divided into elements that correspond to each
movement. Ten elements are required for the crew to open the main door, and
17 to exit via the top hatch or rear window. Using floor plans and actual
measurements, the third step is to determine the physical capabilities required
to egress (Table III). 1In the case of the Learjet 35A the flight crew must
enter the main cabin in a stooped posture, turn and reach for the handle, swing

open the top half of the cabin door, then open the bottom door.

The pilot must travel ten feet, stooped no higher than 52 inches, exert a
force of 38 pounds on the latch at a distance of 24 to 37 inches in front of

the body and 27 inches above the floor.
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TABLE II.

THE BASIC TASK AND ELEMENTS REQUIRED FOR THE FLIGHT CREW TO

EVACUATE A TYPICAL BUSINESS JET AIRCRAFT (SHOWN IN FIGURE 2).
THE DASHED LINE SHOWS THE SEQUENCE FOR A CASE WHERE THE MAIN
DOOR COULD NOT BE OPENED.

PILOT & COPILOT EGRESS PROCEDURE

Task 1:
ll

[ I g

l.
1.

Release restraints
Reach for belt buckle
Grasp belt buckle
Rotate buckle latch either way to
release belt

Y

2: Exit flight deck

Reach for hand holds

Grasp handholds

Lift bodyweight out of seat
Step into cabin

—————amem

*.

3: Open Main Hatch
Turn & face door
Reach for handle
Grasp handle

Lift handle

Push or pull handle aftward
Push to open hatChmememem=ms

4: Exit main door
Step out
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Task
9.1
9.2

S

_

==
8: Open top hatch
Reach for top latch
handle
Grasp handle
Rotate handle counter
clockwise
Pull hatch in
Set hatch aside

9: Exit top hatch
Reach for sides of hatch
Pull body weight out

a |
[
7]
~

3
[ w
o o o o o (o .
NoWwnmsELNEFEE -

AN ONON
.

[z
]

~NNPp
[(SE o

e ——
S: Exit Rear Window

Travel to Back of A/C
Walk to back of A/C

6: Open Rear Hatch
Turn & face hatch
Kneel or squat
Reach for handle
Grasp handle

Pull handle in
Pull hatch in

Set hatch aside

7: Exit Rear Window
Reach for hatch
Pull body out
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TABLE III. REACH AND STRENGTH REQUIREMENTS TO REACH THE MAIN DOOR (SEE
FIGURE 3) LATCH HANDLE AND OPEN IT - TASK 3.

Occupant Latch EOSi:ion Distance (inches)* Force | ZStrong Enocugh
Orientation | Exertion (1bs)
Vert. | Boriz. | Lat. Males Females
Facing Door I Closed-Lift 26 24=30 6 37 61-85 6-18
Mid-Pull Left 29 26=-30 4 XA 79-97 2-15
Facing Closed-Lift 26 15 14 37 98 57
HVAES Mid-Pull Back | 29 13 16 44 95 61
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Figure 3 shows a 5th-percentile female and 95th-percentile male in posi-
tion required to open the door. Note how access is restricted by the curvature
of the fuselage and the step on the lower half of the door. Reaching for the
handle could be facilitated if handles on the top and side of the aircraft were

provided for the occupants to hang onto while reaching for the latch handle.

The fourth step of task analysis is to compare the physical requirements
with the physical capability of the persons who are expected to do the tasks.
To open this latch requires a vertical force of 38 pounds. Computer simulations
show that over 15 percent of the male population and 90 percent of the female
population would have difficulty opening this door. They would have to get
closer, use two hands, pry with their body, or get help. From 3 to 21% of the
male population and 85 to 987 of the female population would have difficulty
pushing this handle sideways from mid to open position. These conditions could

be expected to worsen under crash conditions.

In a previous paper we have illustrated how alternative designs and pro-
cedures would improve the emergency egress of this particular door.(37) While
use of a physical task analysis in aircraft accident investigation is an impor-
tant technique, it is even more important that it be utilized as a tool by the

designer during the original design process.

In summary, greater.attention must be given to the investigation of human
factors aspects of general aviation accidents. During the past three years,
while 12,459 general aviation accidents have occurred, the NTSB subjected only
six of these to human factors investigations. If only one in 2000 general
aviation accidents is investigated for human factors, surely we yet have much
to learn. The high percentage now superficially attributed to "pilot error"
may be found on closer study to include and mask design-induced and other factors
as well. Studies conducted by the University of Michigan during general aviation
accident investigations have shown that there are resources and methods as yet
unused. One approach - that of physical task analysis - is suggested as an
additional way to provide valuable insight into human factors aspects not pres-

ently considered.
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FIGURE 3. A SIDE FACING FIFTH PERCENTILE FEMALE AND NINETY-FIFTH PERCENTILE
MALE OCCUPANTS ARE SHOWN REACHING FOR THE LATCH TO OPEN THE UPPER
HALF OF THE MAIN DOOR (21). NOTE HOW ACCESS IS RESTRICTED BY THE

CURVATURE OF THE FUSELAGE AND THE STEP ON THE LOWER HALF OF THE
DOOR.
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DR. DIEHL: I certainly want to thank Gerry for a most informative talk.
Our next speaker is Dr. Stan Roscoe and like Gerry Snyder, Stan needs no intro-

duction.

He is currently Head, Behavioral Engineering Laboratory at New Mexico
State University. He is also President of the Tlliana Aviation Sciences Corpor-

ation, which is a private research consultant firm.

He has also long been associated with the University of Illinois. He re-
ceived his Ph.D. in Engineering Psychology from T1linois in 1950. Shortly there-
after, in 1952, he joined the Hughes Aircraft Corporation where he was instru-
mental in developing a number of advanced display systems. In 1969 he returned
to Illinois to set up the Aviation Research Laboratory there. Stan is a Fellow

of the Human Factors Society and past president of that society.

He has been a recipient of three awards from the Human Factors Society,
the Ely Award, the Fitts Award and the Williams Award. In addition, he is a

Fellow of the Royal Aeronautical Society.

Stan is also the author of what must be the best-selling book in aviation
psychology. Stan will be talking about neglected human factors aspects and

aviation. He will be reading a prepared paper.
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NEGLECTED HUMAN FACTORS

Stanley N. Roscoe
New Mexico State University

Misjudgments of position in flight and failures to detect other air-
borne traffic are casualties of the eternal tug-of-war between visibile
texture and the pilot's dark focus. The eye is lazy and resists the pull of
a distant stimulus, preferring to rest at a relatively short focal distance
as it does in the dark or when looking at the sky. Judgments of apparent
size are highly correlated with visual accommodation distance, and the
difficulty of detecting airplanes on stationary collision courses is greatly
aggravated when focus is trapped by structure close to the eyes. Sub ject,
cockpit design, task, and environment variables all interact to determine
what we think we see.

During the history of experimental psychology a vast literature has
emerged on our ability to detect things and our so-called constancies in
Jjudging their shapes, sizes, and distances. Among the many human factors in
aviation, these abilities are particularly critical. Yet there is surpris-
ingly little communication between investigators of the psychology of
vision, the designers of airplanes, and the operational types who select
and train flight crews. How we judge position and motion relative to air-
port runways and other surface objects, and how we detect other airplanes,
especially those on collision courses, are among the most seriously
neglected human factors in aviation system design, training, and operation.

JUDGING SIZE AND DISTANCE

In 1950 at the University of Illinois it was discovered that airplane
pilots making landing approaches by periscope come in high and land long and
hard, unless the image of the scene is magnified by about 20 to 30 percent
(Roscoe, 1950; Roscoe, Hasler, and Dougherty, 1966; see Figure 1). 1In 1973
Everett Palmer at NASA-Ames Research Center in California experimentally
confirmed the common observation that pilots also make high approaches and
long, hard landings in flight simulators with contact visual systems (Palmer
and Cronn, 1973). Similar misjudgments occur with helmet-mounted imaging
displays. Why is it that either real or virtual images projected at unity
magnification cause objects such as airport runways to appear smaller and
farther away than when viewed directly?

In 1975 Robert Randle of NASA-Ames Research Center and this author set
out to find answers with the expert help of Robert Hennessy, now of the US
National Research Council, and a gaggle of graduate research assistants at
San Jose State University in 1975-77, the University of Illinois in 1977-
1979, and New Mexico State University in 1979-81. Together we discovered a
correlation of 0.9 or greater between the apparent, or perceived, size of
objects subtending a given visual angle and an observer's visual accommo-
dation--the distance to which the eyes are focused (Roscoe, 1979a, 1979b;
see Figure 2). This finding runs directly counter to accepted theory.
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Distributions of points of touchdown for 60 landings (10 by
each of 6 pilots) in four experimental conditions, three
involving periscope magnification factors of 0.86, 1.20, and
2.00 and the fourth providing contact visibility. With x2
magnification pilots touch down short of the aimpoint and
unexpectedly; with image minification they round out high
and land long and hard; at x1.2 the distribution of touch-
down points is virtually indistinguishable from that for
contact visibility. (Roscoe, Hasler, and Dougherty, 1966)
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Figure 2. Mean apparent diameter of the simulated moon as a function
of mean accommodation shift from individual dark-focus
distances for eight observers viewing the moon against three
different backgrounds (scenes), each differentially obscured
by a series of three masks that induced further shifts in
visual accommodation and apparent size. (Hull, Gill, and
Roscoe, in press).
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Perhaps it is not surprising that a relationship between perceived size
and eye focus for distances well beyond the near limit of "optical infinity"
went undiscovered for so long. Stimulus distances normally included in
laboratory experiments do not approach those from which pilots view the
world below them in flight. Indeed, few laboratory experiments in which eye
focus was actually measured have involved distances of more than a few
meters. But now that a strong relationship between the distance of eye
focus and apparent size has been established, other mysteries of visual
perception and illusion in flight become fair game for reassessment.

For example: Why do pilots making landing approaches over water at
night toward a brightly lighted city consistently come in low (Kraft, 1978)
and sometimes land in the bay short of the runway? This has happened in
Tokyo, San Francisco, Los Angeles, Salt Lake City, and so it goes. Why is
it that military pilots making ground attack runs so often fail to pull up
in time and fly into the terrain in clear daylight? And why, in a group of
pilots with "normal" vision, will some spot "bogies" so much sooner than
others?

BACKGROUND

Before suggesting answers to such questions, some background is in
order. By 1970 Randle had developed a classical Pavlovian conditioning
technique, employing automatic biofeedback of focusing responses, to study
the extent of possible voluntary control of accommodation. Randle's initial
purpose was to teach children how to avoid becoming myopic. Then during the
early 1970s, Hennessy, working with his mentor, Herschel Leibowitz, and
fellow graduate student, Fred Owens, at The Pennsylvania State University,
greatly extended our understanding of the "anomalous" empty-field, night,
and instrument myopias and clarified the role of the dark focus, or relaxed
accommodation, of the eye.¥

Then, between 1975 and 1981 at Ames Research Center, the University of
I1linois, and New Mexico State University, 23 experiments were conducted
involving the relationships among visual stimulus variables, eye accommoda-
tion, and associated perceptual responses.* There is no longer any question
that this line of investigation is of great importance to aviation. Among
the many findings, the following stand out as contributing to our under-
standing of why pilots often misjudge sizes and distances and fail to see
and avoid other aircraft in flight:

¥*Though not cited individually here, reports of these experiments are
included in the references at the end of this chapter.
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1. Judgments of size, and by inference the distance, of objects in
natural outdoor vistas are strongly dependent on the distance to which the
eyes are focused (r > 0.9).

2. Accommodation to natural vistas depends in a complicated way on the
dark focus¥* of the individual, the retinal locus and spatial frequency of visi
ble texture (Benel, 1979), and the sharpness of focus needed for the discrim-
ination of object identity, for example, reading a sign (Simonelli, 1979).

3. Individual differences in dark focus range from perhaps 15 D (7
cm) in extremely myopic people to as distant as -4 D (far beyond "optical
infinity") in the extremely hyperopic; the more distant the individual's
dark focus, the greater his or her tendency to focus beyond an acuity target
to maximize apparent size for the discrimination of detail (Simonelli, 1979;
see Figure 3).

4. Some individuals can be trained more readily than others to control
the focal distance of their eyes voluntarily; there is some evidence that
such trainability depends in part on the individual's dark focus and that
both the selection and training of pilots should take such characteristics
into account.

THE MOON ILLUSION REVISITED

A convenient way to study perceptual responses to the distant vistas
seen in contact flight is to use a technique developed by Lloyd Kaufman and
Irvin Rock (1962) to quantify the moon illusion. By superposing a colli-
mated disk of light on any natural outdoor or laboratory scene and providing
an adjustable-diameter comparison disk nearby, surprisingly consistent
estimates of the apparent size of the simulated "moon'" can be obtained. An
adaptation of the Kaufman and Rock technique (known affectionately as "the
moon machine") has been used in a series of experiments to correlate
measured eye accommodation, judgments of apparent size, and characteristics
of both natural and artificial visual scenes (Roscoe, 1979b).

These experiments have shown that with both natural and artificial
scenes, whether in daylight or at night, when viewing conditions cause the
eyes to focus near, the moon shrinks, and when they cause distant focus, the
moon grows (Iavecchia, Iavecchia, and Roscoe, 1978; Simonelli and Roscoe,
1979; Benel, 1979; Hull, Gill, and Roscoe, 1979). Whatever the causal
explanation may turn out to be, this invariant relationship appears to be
the key to many of the misjudgments experienced by pilots. Such misjudg-
ments can cause pilots to land in the water at night, fly into the
terrain or overshoot a runway in the daylight, or fail to see and avoid
another airplane on a collision course.

¥The distance at which the eyes focus in an empty field such as a clear
sky is very close to the distance at whieh they come to rest in the dark.
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Figure 3. Individual visual accommodation responses to Snellen letters
of various sizes presented at a fixed distance of 7.6 meters
under constant illumination of 1.3 ftL. As the letters
become smaller and harder to read, observers with more
distant dark focus levels accommodate farther and farther
beyond the targets for maximum acuity; observers with nearer
dark focus levels do not exhibit this zoom-lens effect.
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CRITICAL VARIABLES
Viewing conditions that induce shifts in focus either outward or inward
from the dark focus include subject, cockpit design, task, and environment

variables as well as the distribution of visible texture.

Subject Variables

Differences in perceptual abilities among people qualifying as having
normal "20/20" vision are staggering (Simonelli, 1979). Some are surpris-
ingly nearsighted while some have the ability to focus -4 D beyond "optical
infinity," much like a zoom lens of a TV camera. A US Air Force recruit,
when told by Nicholas Simonelli that he had remarkable vision, said, "Yes,
Suh, I can tell the color of a frog's eyes at 100 paces." The recruit was
not bragging; his acuity was on the order of 20/10 and his dark focus and
far point well into the negative range.

Eye accommodation is a tug-of-war between the stimulus and the dark
focus, with the stimulus normally pulling just hard enough to be seen and
recognized. Simonelli refers to this as the "acuity demand" of a stimulus.
As we walk, drive a car, or fly low over the terrain, our accommodation is
determined largely by Gibson's (1950) well-known "texture gradient." The
retina unconsciously performs some kind of an averaging routine on the
textural elements to reduce the blur, and the fact that much of the scene
necessarily remains blurred normally goes unnoticed so long as the acuity
demand remains low.

In daylight the gradient extends uninterrupted from the nose and other
parts of the bedy to the near foreground and on out to the distant horizon.
But from the cockpit at night, and even in daylight at higher altitudes, the
gradient is not uninterrupted. Between nearby cockpit surfaces and the
outside visible texture the gradient is interrupted by empty space. Even
clouds are effectively textureless in that they present little acuity
demand, and at night the outside texture is limited to a thin horizontal
band of point light sources. Now this is where individual differences in
dark focus can cause giant misperceptions.

If a pilot's dark focus is at about arms' length, normal for young
healthy eyes, he will experience empty field myopia in daylight, as well as
night myopia. Empty field myopia is reinforced by the stimulus pull of
window posts and frames, some of which are even nearer than arms' length.
For example, we at New Mexico State University found that pilots focused at
almost exactly the distance of window posts viewed against a sky background,
even when a post was no wider than the 2-1/2-inch distance between the eyes,
thereby supposedly causing no binocular obstruction to outside vision
(Roscoe and Hull, in preparation).

Even though other traffic may be clearly visible, the effect of induced

myopia is to blur the retinal image, reduce effective contrast, and make
objects harder to see and apparently both smaller and farther away (Kraft,
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Farrell, and Boucek, 1970; Roscoe, 1979a, 1979b). Targets can still be
detected, particularly if they flash or glisten; or if they present an
extended distinctive shape, such as a long, thin contrail; or if they move.
However, another airplane on a collision course doesn't move, it only grows,
slowly at first and then very rapidly, and it must subtend a visual angle of
more than 8 minutes before it can be readily detected when badly out of
focus (Luria, 1980).

Now for a different danger. If a pilot's dark focus is quite distant,
possibly beyond optical infinity, and his attention is directed to the
lights of a coastal airport and the city rising beyond, the visual scene can
appear greatly magnified. The nearer lights of the runway threshold will
expand downward from the horizontal band of city lights, thereby making it
appear that the airplane is high on final approach. The pilot may compen-
sate by reducing power and drop below the proper glideslope. At some point
the low position will suddenly become apparent, and normally the pilot will
add sufficient thrust to land safely; but with engines spooled down, thrust
may come too late to avert the water landing.

Cockpit Design Variables

The pilot's legal requirement to tsee and avoid" as a means of main-
taining traffic separation in clear weather is at best an anachronism. At
high subsonic speeds, head-on closing rates approach 1000 knots. That 1is
about 17 nautical miles per minute, or one mile every four seconds. To
avoid another airplane on a near head-on collision course, it must be picked
up at a minimum of about three miles. Fortunately, at en route flight
levels airplanes typically leave contrails that can be seen for many times
that distance, so despite the undependability of the see and avoid concept,
seeing and avoiding continues to save many lives every year.

Consequently, while few pilots count on seeing and avoiding, everyone
does the best he can. Everyone except the manufacturers of airplanes, the
regulatory agencies who certificate them, and the investigative agencies who
determine the probable causes of midair collisions. Strong words? Perhaps,
but objectively accurate in view of the routine certification of airplanes
that do not meet nominal minimum cockpit visibility standards and the fact
that officially approved deviations from such standards are never cited as
contributing causes of pilot errors in midair collisions on clear, bright,
sunny days.

Title 14 of the US Code of Federal Regulations, as revised in 1963,
stated in part that no windshield post in the cockpit of a transport cate-
gory aircraft shall "exceed 2.5 inches total obstruction in projected width
on the pilot's eyes when located within a sector of 20 degrees and 60 de-
grees azimuth to the left of the pilot's forward vision . . . This stan-
dard is based on the fact that 2.5 inches is the average distance between
human eyes, and any window obstruction of greater projected width neces-
sarily makes it possible for another airplane on a stationary collision
course to be completely obscured to both eyes. Nevertheless, this standard
is frequently violated in the design of transport category aircraft.
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The DC-9, for example, has a window post starting 30 degrees to the
left of the pilot's forward vision (and another to the right of the copilot)
that exceeds the interocular distance by approximately two inches. It
creates a binocular obscuration of almost 9 degrees, as shown in Figure 4,
and a total sector of obstruction to one eye or the other of 31 degrees.
Figure 5 illustrates the zones of monocular and binocular visibility from
the DC-9 pilot's nominal eye position and compares these with the nominal
standard. The solid black areas are supposed to be free of binocular
obscuration.

Since 1967 the DC-9 has been involved in four midair collisions in
clear daylight, resulting in 335 deaths, in which visibility of the other
airplane was totally or partially obscured by the DC-9's oversized window
posts. These midair collisions occurred over Urbana, Ohio, in 1967;
Fairland, Indiana, in 1970; Duarte, California, in 1971; and Zagreb,
Yugoslavia, in 1976. 1In none of these accidents was there any evidence that
either the pilot or copilot saw the other airplane before the instant of
impact. This was true despite the fact that the DC-9 crew was warned by ATC
at least 15 seconds before the Urbana collision, and over Zagreb the other
airplane, a Trident III, was leaving a seven-mile-long contrail at flight
level 330 (33,000 feet) that was visible to other pilots in the area and
should have been visible to the DC-9 pilot for at least three minutes.

But the DC-9 is not alone. Oversized posts can be found in the Boeing
747, the Lockheed L-1011, the Airbus, the Trident, and many other entries in
this game of airway Russian Roulette. To investigate this problem, we
measured the effects of simulated window posts 2-1/2 and 4-5/8 inches wide,
and 12 inches in front of the eyes, on the probability of detecting simu-
lated contrails at various elevations projecting various angular distances
from the right or left edge of such a post (Roscoe and Hull, in prepara-
tion). With a 2-1/2-inch post, the probability of detection in a single
fixation of 1/3 second ranged from 0.79 to 0.97 as the angular length of a
contrail increased from 6 to 16 degrees to the right or left of forward
vision, as illustrated in Figure 6.

With the 4-5/8-inch post (2-1/8 inches greater than the interpupillary
distance), the probabilities of detection for corresponding contrails, also
shown in Figure 6, plunged to 0.10 for 6 degrees (barely visible to one eye
or the other at the right or left edge of the post) and gradually increased
to 0.29 for 7 degrees, 0.55 for 9 degrees, 0.68 for 12 degrees, and 0.65 for
16 degrees. In addition to the total binocular obscuration caused by an
oversized window post, the probability of detection of a contrail in the
sectors of monocular visibility on either side is greatly reduced. Few
pilots are aware of the danger caused by wide window posts a few inches from
the eyes.

Task Variables

Pilots with normal visual functions can expect outward shifts in
accommodation when task demands create elevated workloads and stresses.
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Several experiments have demonstrated accommodation shifts with interposed
mental activities (for example, Malmstrom, 1978; Gawron, 1979; see Figure
7). Bob Randle and John Petitt found that accommodation shifted outward
between measurements 20 seconds and 10 seconds before touchdown on simulated
landing approaches by reference to a computer-animated night visual scene.
We have no comfortable explanation (Randle, Roscoe, and Petitt, 1980).

However, outward accommodation is at least partially mediated by the
sympathetic branch of the autonomic nervous system (Cogan, 1937; Benel,
1979; Gawron, 1979). That's the one that makes us run faster and fight
harder. It also helps us see the distant enemy in the shadow of a rock and
the stag behind a bush. It increases our acuity by magnifying what we see,
Just as outward focus magnifies the moon. Can it be that the flow of
sympathetic adrenalin in the attack pilot expands his visual world, makes
the ground appear lower, and causes him to pull up too late? When a peri-
scope's magnification is set too high, pilots are often surprised by a
touchdown far short of the runway (recall Figure 1). Randle, Petitt, and
this author also found that pilots do not accommodate accurately to changing
focus demands induced by ophthalmic lenses. They responded slightly better
to a direct view of the computer-animated display than to collimated virtual
images as presented on head-up displays, thus bringing into question the
supposed advantage of preparing the eyes to see the runway when it suddenly
appears on low visibility approaches. Optically collimating an image tends
to release our focus from the distant stimulus and allows it to lapse toward
the dark focus distance.

Environmental Variables

This discussion might have been headed, "St. Thomas Revisited." Surely
one of the most puzzling and dramatic aviation mysteries surrounds the crash
of an American Airlines B-T27 at Harry S. Truman Field, St. Thomas, Virgin
Islands, in 1976. Captain Arthur Bujnowski had made 154 uneventful landings
on the same short, wide runway with similar daylight visibility and light,
gusting winds. But on April 27, 1976, Art Bujnowski made a normal "slotted"
approach, leveled off a few feet above the runway, and floated beyond the
point of no return. The flaming crash and resulting smoke cost the lives of
35 passengers and two flight attendants (NTSB, 1976; Roscoe, 1976, 1980a).

Art Bujnowski is a pilot's pilot, a skillful, calm, no-nonsense ex-—
Captain, now in forced retirement in Connecticut and permanently grounded.
But three minutes before his ill-fated landing in 1976 he was in extreme
pain from blocked ears due to an abnormal increase in cockpit and cabin
pressure caused by mismanagement of the air compressor during a rapid
descent. Other crew members and passengers were in similar pain. Intense
stimulation of the inner ears causes an accommodative spasm of the eyes at
about arms' length on average (Clark, Randle, and Stewart, 1975).

Neither Bujnowski nor his copilot could see the clearly visible VASI
lights on final aproach, and both testified they expected the airplane to
touch down, as doctrine called for, 1000 feet from the runway threshold.

But it did not douch down, and with about 1500 feet of runway remaining, the
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copilot finally said, "You're still high, Art." The same comment is often
made by a safety pilot in the right seat while a pilot-subject rounds out
high and floats with a periscope set at x1 magnification. The visual field
is compressed with near accommodation, and the runway appears higher than it
is. As Art Bujnowski remembered:

"...all I could see were cottages and stores or what-
ever they were. But it seemed like the activity
was right there at eye level, ..."

(Transcript of NTSB public hearing, p. 360.)

REAL-WORLD APPLICATION

Randle's demonstration of the possibility of conditioning the accommo-
dation reflex by the application of biofeedback calls for systematic inves-
tigation of the trainability of individuals varying in dark focus distances
and other oculomotor abilities. Basic data in this area are fragmentary but
promising, and effective conditioning techniques are needed involving only
simple, inexpensive equipment that can be used by instructors or technicians
with limited training, or even by the individual pilot. There has been some
success using a simple vernier optometer constructed from crosspolarized
strips of inexpensive filter material (Simonelli, 1979).

The effective focal distance of the eyes can be manipulated either
voluntarily, following bioconditioning, or involuntarily, by having pilots
wear polyfocal glasses as is done by United Air Lines (Harper and Kidera,
1968). Acuity in resolving distant stimuli is enhanced by focusing at a
distance greater than that of the stimulus to be discriminated (recall
Figure 3). It is possible that detection of distant "point" targets, such
as other aircraft, also can be enhanced by inducing accommodation to dis-
tances at or "beyond" optical infinity for individuals capable of unusually
distant focus.

Each of the so-called anomalous myopias and its associated micropsias¥
are encountered in varying degrees by pilots flying airplanes, particularly
ones with head-up displays. Similar myopic responses and micropsic percep-
tions occur in airplane simulators with contact visual systems. Recall that
it was concern with the bias errors in landing with imaging flight displays
that stimulated interest in this line of research in the first place. It is
evident that pilots do learn to compensate partially for such biased percep-
tions. The possibility of training individuals to recognize conditions in
which to expect macropsic* as well as micropsic misperceptions and to compen-
sate for them voluntarily is out there like Mt. Everest (or Mt. St. Helens).

¥Reduced apparent size.
¥%*Increased apparent size.
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DR. DIEHL: Thank you. Stan, as always, has provided us with a lot of
food for thought., Our next speaker is Colonel George C. Mohr. He is currently
the Commander of the U.S. Air Force Aerospace Medical Research Laboratory at

Wright-Patterson AFB.

Colonel Mohr received his M.D. degree from Harvard in 1957 ard his Master
of Public Health degree in 1961. He is board-certified in aero .pace medicine
by the American Board of Preventive Medicine, He is currently a Chief Flight
Surgeon. He has been on active duty for over 25 years. Probably of more
significance, he has been involved with biotechnological research for the past

17 years.

He has held a variety of positions involving vibration and impact research
as well as bioacoustics and has been the Technical Director of the Life Sup-

port Division at the Headquarters, Aerospace Medical Division.

He has also been the Director of Research and Development and the Vice
Commander of the Aerospace Medical Division. He is the author of over 40
articles. We have asked him to talk in the area of pilot workload and tech-

niques to assess pilot workload in high-performance military aircraft.

COLONEL MOHR: It is a pleasure to be here this afternoon to tell you a
little about my laboratory and, in particular, about one of our very important

programs supporting military aviation.

First of all, biotechnology in the Air Force is concerned specifically with
the design of advanced manned weapons systems, Therefore, it is a highly ap-
plied kind of research and quite different from the clinically oriented medical

research that is conducted by most health-oriented Federal agencies.

In this respect, it is very closely allied with the work that is done here
at CAMI and, of course, the work that is done in our two sister services, the
Army and the Navy, and by NASA. The work I manage in my laboratory is concerned
with three broad areas. The first of these comes under the heading of biodynamics
and bioengineering. There are four major thrusts dn this program -~ the first being
the crucial area of communication in noise. Much of the research that was done
by the military departments that is realized in our current aircraft was, in
fact, completed in the 1950s. Today we are confronted with a need for highly
secure, high fidelity communications, both within the aircraft and between the
aircraft and the ground. This has led us to develop new digital systems for

which overall systems performance has yet to be defined.
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We also have major programs concerned with transient accelerations, very
important to egress systems design, and programs concerned with sustained and
maneuvering acceleration that pose very severe stresses on the pilot operator

in our high-performance fighter aircraft,

Fortunately, most of these disciplinary areas can be dealt with in engineer
ing terms by translating the characteristics and materials properties of the body
and the physical response of the cardiovascular and nervous systems into analytic
models that allow us to translate medical information into hard engineering de-

sign points.

The second area of major interest in my laboratory deals with the broad
disciplines of human engineering. I will not enter into a debate on exactly how

human engineering overlaps with the broader area of human factors.

But let me say that this area is conducted in concert with the work done by
our sister laboratory, the Air Force Human Resources Laboratory. If I were to
simplify our program, our focus would assume availability of average-skilled and

average~trained operators.

It is our job to assess operator vulnerabilities and capabilities and trans-
late these into specific design points for controls, displays, cockpit layouts,

and the provision of automated aids for information management.

We work broadly, cutting across all of our military missions. We have
major programs related to strategic bomber design. This, of course, will be
of considerable interest now with the LRCA (Long Range Combat Aircraft) programs
and the possibility of an advanced technology bomber coming to the forefront.
We also have major programs concerned with tactical aircraft design. We cur-
rently fly very high performance aircraft, and the next generation promises

to offer even more sophistication.

Many of our programs that deal with the design of our weapons systems also
provide very real insights into the vulnerabilities of our enemies' weapon
systems. Many of our programs therefore deal with means to counter the human

operator in enemy weapons systems,

The third broad area in my laboratory deals with the specific human hazards
associated with chemicals. In recent years, the focus has been on missile propel-
lants, but today as we embark upon the need for alternaitve and synthetic

fuels, much of the work is centering on developing a standard which is not only
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consistent with the engine requirements but will also provide a fuel which is

safe to handle, manufacture, store, transport, and dispose of.

After those brief comments on the activities of my laboratory, I would
like to center your attention on one of the major areas of concern within the

biotechnology community.

A research aircraft, AFTI (Advanced Fighter Technology Integration), will
be flying within a few months. Tt is a very sophisticated test bed designed
around an F-16 modified with various canards. It is capable of decoupled
flight, which will allow this airplane to literally fly sideways. This
is possible because of the very rapid advances in on-board computing power

available to military aircraft.

As we move into the era of submicron chip electronics, we will soon be
able to manage hundreds of data channels essentially in real time, All of this,
of course, brings to bear on the human engineer the very difficult problem of
sorting out what information must be provided to the operator in what form, in

what time frame, and with what update rates.

In other words, there is the whole problem of workload because, indeed, the
military pilot must do a great deal more than fly the vehicle, that is, manage
the aircraft controls. After all, it is his principal job to safely enter a
high threat environment, find and select a specific target of greatest value,
strike that target effectively while safely evading, deceiving, avoiding or

countering the threats and finally making his way back to the base for recovery.

Therefore, the military pilot has to fly his airplane, manage the threats,
find the targets, and manage the weapons; and in doing so, he must share his

attention, his eyes, his hands and feet and his brain in a prioritized fashion.

Now, this is the basic rationale for our program. I should point out that
the AFAMRL (Air Force Aerospace Medical Research Laboratory) workload program
is an effort which is conducted jointly with my sister laboratory, the School

of Aerospace Medicine at Brooks AFB.

It is also a triservice program where we have close relationships with the

Army and the Navy. Basically, what we are trying to do here, however, is build

upon 40 years of research in this area and to capitalize on the literature in

order to achieve certain specific goals.
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We have to be able to measure objectively, even when we are dealing with
subjective factors. We want to standardize workload measures in a matrix so

that we can generalize from mission to mission or system to system.

More importantly, we need to apply these workload measures through a
standardized battery which can be realized in hardware and be made flightworthy.
Of course, that means we must overcome very severe constraints on power, volume,

weight, and reliability,

Now, the way we are approaching this is through a task force of scientists
representing a broad range of disciplines. I must say, at this point, this work
is not mine. It is the work of the scientists in my laboratory. Therefore, I

am only presenting the work that they are accomplishing.

We have broken the problem down into three elemental tasks., The first is
to derive a standardized procedure to describe the mission, basing the technique
on well-known task analytic approaches. The second task is to arrive at a set of
rating strategies that will allow us to deal with conceptual missions, missions
for aircraft yet to be designed because it is our objective to get well ahead
of the designers and mission planners so that we can design out some of the
problems that Professor Roscoe has so eloquently described. The third task is
to develop objective psychophysiological measures of workload. Our capability,
to date, to describe operation missions requires gross simplification of a rather
complex problem. We have currently completed an analysis of a classical air-to-
ground mission in the A-10. In the immediate future, we will be analyzing air
superiority missions with the F-15 as well as looking into the application of
the F-16 for night and adverse weather operations at much higher speeds in air-

to-ground operations against the enemy,

Basic intent, of course, is to break the given mission down into a set of
specific tasks, identifying the kind of information that must be provided, the
decisions that must be made, and the actions that must take place and in turn,
to break these factors down in terms of their time and performance criticality,
In other words, some actions need to be accomplished within very narrowly defined
time limits in addition to being performed correctly. Many other things that
are done can be set aside for a moment or can, in fact, be performed with less

than ideal precision.
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Once this kind of analysis is available, a given mission scenario can be
defined by a set of carefully described sub-segments which can be evaluated by
experts drawn from the operational community, all of whom are well-versed and

experienced with that particular mission.

This information then is used in the further development of the specific
assessment that I will describe for you in a moment pertaining to the subjective

estimates of workload.

The magic bullet for this assessment technique is also based on the work of
others, but appears to be offering significant power in allowing us to generalize

across different mission scenarios.

The analytic technique we are using is conjoint analysis which allows us
to deal with more than a single dimension of subjective workload and, more
importantly, to transform ordinal data to an interval data sclae. In other words,
if A is rated harder than B and B is harder than C, we can convert these
ordinal ratings for each combination of dimensions to an interval scale, to
finally arrive at a single value which gives us a true numerical weight for

each particular combination of conditions judged by a population of raters.

For instance, consider a three-by-four rating system, where you break the
mission scenario down into three workload vectors: the time load factor, the
mental effort load factor and the psychological stress load factor. These three
dimensions are then considered at four different levels of difficulty for each
factor which gives you four to the third (64) different combinatory cells in the
matrix. Note that time load, mental load, and psychological load, often referred
to as pucker, can be applied to a wide range of specific missions and relate to
such demands as cognitive management of information, flying precision, observation
of displayed information, target characteristics, etc. These are rather gen-
eralized descriptors of the types of major workload factors that appear to impact

on the overall difficultness of the mission.

Without attempting to explain the detailed mathematics, I could demonstrate
how the combinations of these three factors: time stress, psychological load,
and mental effort can be rated by a given subject into a matrix of descending
difficultness. To illustrate this, the overall mission is rated in relation to
the relative influence of psychological or pucker factor, time stress demand

and mental effort demand on overall workload.
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There is a set of constraints which are applied to determine whether or not
the ratings are biased or unbiased. Ratings are obtained from a sample of pilots
rank ordering the difficultness of the 64 different cells in the matrix. Through
algorithms which basically linearize the contribution of each rating factor to
the overall workload characterizing the given mission, we arrive at an interval
assessment of how the workload factors interact. Now the important point here is
that for a particular mission that is so rated, the relative weight of say, a high
level of pucker and a high level of time stress might be shown to predominate in

determining overall workload.

For another mission scenario, that particular factor combination, because of
the difference in the relative weighting placed on each factor in the scenario,
might result in a lower workload rating. This allows one to compare across two
different missions the relative weight placed by the pilot operators on the

importance of each workload vector in a general sense.

Needless to say, this approach needs to be further evaluated. We have done
some very early work where we have applied this approach to an air-to-air missile
engagement, We are currently applying it to a strategic bomber mission and also

to a refueling mission.
Thus far, these data look very reassuring,

Continuing with the development of the workload measurement battery, we are
borrowing again from the literature to develop imbedded secondary task measures
based on the Sternberg test technique which has great power. Unfortunately, the
Sternberg test itself is obtrusive and requires conscious attention. We have

developed ways of implementing such tests in an unobtrusive manner,

One of the most promising methods is our imbedded secondary communications
test. Every pilot in military operations expects to recieve a good deal of

chatter while flying.

For example, an A-10 pilot might typically be instructed to go to UHF
Channel 5 and report presence of a SAM to "Dogbone." 1In order to do that, he
has to go through a series of elemental task performances. He will not
ordinarily recognize he is performing a short-term memory task, nor will he
recognize that he can be measured with respect to his complex reaction time.
These measures of complex reaction time for short-term memory can be obtained
without the pilot realizing that a secondary task has been imposed while he was

flying, say a demanding terrain following air-to-ground, mission segment.
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We are also, in developing the measurement battery, relying heavily on
the voluminous literature that relates to electrophysiologic measurement
techniques. I would like to give you a few insights into one method of
great promise: specifically evaluating evoked response potentials derived

from the electroencephalogram.

Much of the work in the literature was done with single stimulus transient
evoked responses. We, however, have been looking at high-frequency steady
state evoked response, particularly visual evoked responses. If you flicker
a light above the critical fusion frequency at relatively low intensity levels,
the test is unobtrusive. We found indeed that you can obtain very nice
evoked responses using a spectrum analyzer. The response is time-locked with a
specific phase lag and amplitude ratio measurable for a stimulus frequency
range of 40 to 60 Hertz. Observed amplitude changes relate analytically to
workload level. There is some variability, of course, between subjects. We
also have found one can mix stimulus frequencies in this range, 45, 50, and
55 Hertz. One can simultaneously measure the amplitudes and the phase lag for
each stimulus frequency. Interestingly enough, if one plots the phase lag
against frequency, the slope of that line in units of seconds turns out to be
very closely related to the neurotransmission speed which changes again with

stress levels,

Now, what is all this going to do for us? We believe that by investigat-
ing the various categories of military operations (and the greatest current
interest is in the high-performance air superiority and air-to-ground mis-
sions), we can identify critical mission scenarios which can be reliably rated
in interval terms using the conjoint analysis technique. We can add this in-
formation to a battery of imbedded behavioral tasks and neurophysiologic
measurements to arrive at an index of workload which can be used to indentify
those aspects of system design and operation tactics which have the greatest
sensitivity and potential for degrading the effectiveness of the manned
system, Hopefully, this will allow us to gain enough insight to design out

many of these problems in or next generation aircraft.

More importantly, if we can arrive at objective measures that we can use
for specifications and, at the same time, provide an airworthy measurement sys-

tem that can be used in the test environment by the operator, we will be able to
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encourage compliance - in short, give the Government the opportunity to

measure how well the designer has done.
That is our program and I hope to see success within this decade,

DR, DIEHL: Colonel Mohr, thank you so much for the insight into the Air
Force program. I am sure we will benefit from much of this work in the

not-too-distant future.

Our next speaker, Dr. Sulzer, earned his Ph.D. in Pgsychology from Duke
University in 1953. He spent ten years working for the United States Air Force
at the Electronic Systems Division. He was at the FAA Technical Center from 1963
until he retired in 1980. There he worked on various types of aeronautical
equipment and air traffic control systems. Since that time, Dr. Sulzer has
been the consultant to Wright State University and the United States Air Force.
We are going to ask Dick if he would give us an overview of the pilot workload
study that was undertaken by Wright State University for the FAA and the Air

Force.

DR. SULZER: 1In 1965, the current regulations covering minimum crew deter-
minations became effective. That represented a switch from an aircraft weight
criterion to an aircraft design criterion. After 1965, each transport flight
deck was studied and evaluated by FAA to determine whether the design crew was
adequate to handle the workload in normal and contingency conditions, Hence,
it was recognized that an aircraft flight deck might be designed and equipped,
so that there were many complex crew duties and emergency procedures re-
quiring a larger number of crew members; or a different aircraft flight deck
might be differently designed and equipped, so that there were simpler and

fewer crew activities required, and a smaller crew size might be acceptable.

Further, it was not necessarily the case that small transports would have
fewer crew responsibilities and larger aircraft more - possibly a large air-

craft could be more automated or even less complex by design and might need
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less piloting than a smaller transport.

However designed, it was not the FAA who was telling manufacturers how to
design flight decks; the freedom to innovate and improve is inherent in the
regulation of minimum standards that leave open the opportunity to add addi-
tional features and new simplifications or automatic systems at the manufac-
turer's option. What the new 1965 regulations said was, however designed, FAA
will evaluate crew size in terms of crew workload, not mere gross weight of the

aircraft.

One further point on crew workload is worth noting. One cannot simply add
up all the necessary and possible contingency crew duties and activities and
say, for example, this highly automated flight deck scores a "42" and so ac-
ceptable for two pilots, while their other more work intensive flight deck
scores a "61" and requires three. It is not only the number of indicators and
the complexity of actions required but also the configurational properties of

the design that are important.

If it were desired, a simple and highly automated set of crew systems could
be laid out in a design that restricted access and so subdivided responsibil-

ities that a relatively light workload was spread over a larger crew.

The oft repeated demand that aircraft systems indicators be placed on a
panel reachable only by a side-facing flight engineer smacks of this sort of
reasoning. With regard to the new Airbus design, pilot associations committed
to a minimum flight crew of three actually have published studies that purport
to show that an engineer's panel, out of the pilots reach and near vision, is a

necessity, regardless of the degree of simplification and automation.

And, of course, the FAA regulations have never ordered a particular ar-
rangement of seating for flight engineers, navigators, or the non-flying crew
members. Again, on the concept of minimum standards and maximum freedom to
innovate and improve, the FAA has left the flight deck layout conventions as
permissive as possible. Now the International Federation of Airline Pilots
Associations (IFALPA) would wish to see that freedom reduced so that Airbus
and others would have to design around a standard requirement for side-facing

engineer's position.

This relative independence of configuration and simple gross workload is

well illustrated, though in extreme form, in the U.S.S5.R. We do not know
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whether all the crew members are fliers, or perhaps some are policemen whose
main job is to see that the fliers come home and do not escape the blessings

of the worker's paradise, but take for example the latest helicopter.

As shown in Aviation Week in the current issue, Russia's new heavy lift

helicopter, which was demonstrated at the Paris Air Show, lifts 15 tons or so.
The flight deck is configured for five crew members. It cannot be flown outside

the local area by less than four.

By our standards, if recertificated in the U.S., it would have a minimum
crew complement of four. Why? Workload requires it. The pilots cannot see
the flight engineers system indicated. The navigator is behind and way off to

the side away from the pilot, et cetera.

Suppose Sikorsky built an American helicopter with similar heavy-lift
potential. I imagine the navigation system would be up front available to
the pilots. The system would be simplified and the few remaining controls

would be up front. Such a U.S. version would be certificated for two.

Clearly, the difference in workload has little or nothing to do with the
flight environment or the inherent stability, trust ratio, or other aerodynamic
properties. Rather, it derives from the design: one requires four, one does

not.

Workload then is a function of the design. As all of you know, now in
1981 we have an enormous amount of knowledge about workload, and many models of
pilot performance concerning vigilance, systems monitoring, information pro-

cessing, decision making, problem solving, control performance, and the like.

The first, though, that comes to the mind of a reasonable man is —-- surely
we have enough information -- let us get about the task of putting it together

in a way that is both theoretically sound and practically useful.

You probably saw in Aviation Daily for May 20, 1981 that Pacific South-

west Airlines (PSA) and Southwest Airline pilots backed two-man crews in testi-
mony before the Presidential Task Force on Crew Complement. They agreed that
two-man crews provide as much safety and sometimes more than three-man crews.
But PSA pilots want more pilot input into the aircraft certification. For

example, they were dissatisfied with the minimum equipment list.
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But, fundamentally, what they, the pilots, want most of all is a good
solid workload standard. Ideally, you can think of this desire as a wish for
a black box that you can carry around in a suitcase and attach to the crew mem-
bers and to the aircraft, and from which you can read out '"on a meter' instan-
taneous and average workload readings - such as: mnow 65%; was 48% averaged

over the last one minute, et cetera.

And who would not want that? When we are dealing with physical work, we

very nearly have such a measurement system.

Say I want to compare the workload of pedaling a bicycle at twenty miles
an hour over a straight and level course versus riding a moped at the same
speed over the same course. To do that I could, for example, have the bike
rider and the moped rider breathe into a gas analyzer, I could have each of
them wired to a heart-rate recorder, and I could put sensors on their large
leg muscles. Then, with suitable leads from the vehicle wheels, I could get

solid measures of operator workload and vehicle performance.

We know what the measures would show. And we could compare these work
measures to maximum for the individual operators, obtained in maximum perfor-
mance trials and, say, for example, that the average of our panel of bike
riders worked at 79% of physical capacity to match a 20-mile speed that re-

quired only 32% of capacity for the gasoline powered machine operators.

So now, for pilot work, which is obviously more mental —- it is re-using,
perceiving, deciding, controlling, speaking and so forth, not pumping up and
down with the large leg muscles. People desire a similar measurement system
and procedure for comparing and evaluating results against acceptability
standards, such as same percentage of maximum capacity over some period of

time in normal and contingency conditions.

What Captain James Fitzgerald actually said to the Presidential Task Force

on Crew Complement, as quoted in the Aviation Daily, was '"We ask that first a

comprehensive method of measuring human workload be developed. This measure-
ment should then be used to establish a reasonable workload that should not be

exceeded by the average pilot."

This seemingly reasonable request is simply that a practical method of
measuring total workload be established as a standard, and that this method be
used to prove that a given aircraft design is or is not acceptable for the
average pilot.
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As T said, this is approximately the first thought that comes to mind --
the idea has been expressed time and again in recent years. Well, what about
it?

"Unfortunately, once you have worked for a while on the problem, you
rapidly find that a quantitative measurement of workload is a little bit of
utopia. Human operators are beings very difficult to quantify and totally

rationalize, et cetera."

Those last two sentences are not me speaking. They are direct quotes
from the most recent authoritative book on the subject: Neville Moray's

Mental Workload, Its Theory and Measurement, published in 1979, page 418.

In the final summary section of that book, on page 492, the British
authority, David Hopkin, is quoted as saying: '"There does not seem to be any
major set of concepts about mental workload that no one has ever tried to use
in order to solve or throw light on an applied problem. Most techniques have
been tried ..." and continuing in the same paragraph, Hopkin says, "Unfortun-
ately, no technique approaches general acceptance as a standard measure of

mental workload in applied concepts."

So, right off, let's disabuse ourselves of the notion that we can now, or
will soon, be able to do for total pilot workload anything similar to what we
can do for various kinds of physical workload; that is, establish really valid
and highly inter-cortrelated objective measurements that enable us to quantify

the total performance and compare obtained measures with maxima.

So, no magic bullet is likely to be discovered to solve all problems.
But, that is not to say that we cannot make useful measurements and compari-
sons, and arrive at overall judgments of new designs that will be proven cor-

rect by the test of time, and actual live service experience.

In fact, the FAA has been making such correct -- and later proven by exper-
ience -- judgments on crew complement, using pilot workload as the standard, for

at least fifteen years, or since the current regulations were placed in effect.

The present Wright State University study is just one element in a contin-
uing and broad program of research, workshop exchanges of latest technology,
and publication of state-of-the-art summaries and recommended programs for

future advances in workload technology.
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Our particular study -- which I emphasize is only one small part of a much
larger area of study being performed in the military, overseas and here in
NASA, and particularly in the aircraft companies that actually perform the de-
sign work and design evaluations of computing new ideas for workload reduction

and qualitative improvement -- is set up 1n three phases.

Task One was conducted to describe, clarify and catalog approved flight
crew member workload determination techniques that have been used in the past.
The idea was not to tell future cockpit evaluation teams how to do it, but
rather to indicate how earlier certification programs had been tailored to
focus on tests of critical or changed features on the particular flight decks
and to show how laboratory, engineering, simulation and flight test methods
had been employed successfully to guide choices among design alternatives and
to furnish data indicating that workload in the final new design was equivalent

to or improved over that of already accepted and proven aircraft.

When you have been working under a set of regulations for fifteen years,
and appropriate procedures have been developed to assess workload in widely
differing designs such as the DCY9 and the B747, and the varying aircraft have
all proved acceptable in regular line service, it makes good sense to go back
and record what you have been doing and how you have done it. The Task report

is in press.

Tasks Two and Three are as yet incomplete although much of the data has
been collected. The purpose of these later phases of the Wright State study

is to catalog and describe newer workload measurement and evaluation techniques.

By and large, these newer procedures have not been used in past commercial
aircraft crew complement determinations but have originated in the military,
laboratory experimentation, and in non-pilot workload contexts. If the Wright
State team is finally successful, the result will be a’handbook telling what
detailed techniques are now available, more or less off the shelf, for future
testing of specific aspects of pilot workload. And in the case of Task Three,
what workload measurement techniques appear to have promise of some future ap-
plication to flight deck problems but are not yet proven to the status of cur-

rent state-of-the-art.

The Task 1 report runs to many pages and, obviously, it is not possible to

describe here all the various mock-ups, simulations, analytical, experimental,
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and flight test procedures. The essence of what we learned in examining ma-
terial provided by Boeing, Douglas, and Lockheed and by the aircraft certifi-
cation, engineering flight test, and flight operations evaluation organizations

in the FAA regional offices can, however, be stated briefly.

Various methods of evaluating workload have been applied at-appropriate
stages of flight deck development and have served to answer crucial questions
about workload. Final evidence of design adequacy is developed in actual flight
test, because neither simulation nor analysis, without actual flight operations,
can provide total substantiation that workload and crew duties are satisfactory

when compared to existing operational aircraft.

The simulation methods employed to date are most useful for demonstrating
overall configurational suitability and specific stimulus-response adequacy.
Mock-ups are used to test the visibility and conspicuity of indicators, the
convenience of reach and accessibility of controls, and the conformance to lay-
out conventions and pilot expectations. More functional simulators are used to
measure the complexity and number of required procedures by count, and hy tim-
ing simulated pilot actions. The ease of operations of controls and utility of
warnings are among the questions examined, and in some cases comparisons are
made between activities using new design features versus features of an exist-
ing, service-proven flight deck design. Despite the great utility of simula-
tion, not all problems can be solved this way; particularly person-to-person
interactions in simulation do not duplicate routine flight conditions due to

motivational differences -- hence many causes of errors cannot be revealed.

Also, simulation is not sufficient to prove the operational suitability
of large changes in cockpit design, such as conversion to electronic flight
instruments. Major changes of flight crew interface may require a complete
cycle of analyses, simulation, and flight test before sufficient understanding
of the integration of the crew is achieved to permit application to commercial

air transport aircraft.

Analyses are made using computer models of internal visibility and physical
action requirements. More elaborate time and task computations are also made
using pilot response data from earlier detailed part-task recordings and pro-
cedures requiring tabulations from sample flights in high workload regimes.

Comparison data on time to complete actions in the new design, in contrast to
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an operational flight deck, are presented to show the balance of workload be-
tween crew members and the appropriate distribution of work requirements over

busy periods, such as approach and landing.

Flight testing, sometimes of simulated airline operations, is employed to
substantiate the adequacy of design and the acceptability of emergency pro-
cedures as well as to demonstrate ordinary flight duties which are character-

istic of the new design.

There is no simple solution to all the issues raised and no single tell-
all method of testing new designs prior to availability for actual flight.
However, the task of workload evaluation can be accomplished to satisfy needs
during aircraft design and to provide needed numerical data to support pilot
subjective ratings of acceptability and favorable comparison. In combination,
the various assessment procedures have been successful. Aircraft designed to
be flown by different crew complements have been so certificated and have been
proved safe and acceptable in actual line service. The correlation between
FAA workload determinations in certification procedures and the ultimate cri-
terion of airline experience has been excellent. Still, the many difficult
decisions made in designing and approving complex certification programs
should be recognized, and efforts should be extended to develop improved test

methods as the understanding of human behavior allows.

Since a portion of all successful evaluations currently involves the at-
titudes and perceptions of flight crew members, there will be a continuing
need for subjective assessment. It is essential that these assessments be made
by persons who are experienced in conducting procedures in differently designed
cockpits and who are accountable for their judgments. Otherwise, strong indi-
vidual bias may influence pilot opinion. Also, it is noted that individual
production aircraft are examined to consider the workload impact of equipment
or configuration variations. Finally, each airline is inspected to verify that
actual flight operations are satisfactory with the unique combination of pilot
qualifications, special airline procedures, flight deck equipment outage allow-
ances, company equipment added, and challenges of the particular operating en-
vironment. Hence, the adequacy of the approved crew complement is monitored
continuously to ensure that changes after airworthiness type certification do

not invalidate the original determination.
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In summary, the Wright State team found that workload confirmation is a
continuing process from the earliest concept development through the successive
design and development stages. Ultimately, confirmation is accomplished in the
prototype airplane as it undergoes intensive test and evaluation scrutiny to

confirm and demonstrate suitability.

DR. DIEHL: Our next speaker is Mr. William '"Joe'" Cox. Joe 1is currently
an aviation consultant in Washington, DC and he has had a very interesting

aviation career.

He began his military flying experience as a cadet flying SNJ's and ended
up as a commander of the C-5A Wing at Dover. He retired in 1979 from the

FAA. He is a highly experienced test pilot.

He has worked on various timely programs and has been a consultant at
Wright State University on their workload measurement program. But perhaps
his most interesting assignment recently was as a consultant to the Presiden-
tial Task Force. Joe's presentation is a review of the Crew Complement prob-

lem.

MR. COX: Although we have concluded that the procedures FAA followed in
certifying the DC-9-80 for operation by a minimum crew of two were proper and
represented the state-of-the-art at that time, we recommend that those pro-
cedures be improved and strengthened in several respects in preparation for

future certifications.

Rapid developments in the field of digital avioniecs and flight control
systems, and the attendant increased complexities of computer software, require
that FAA have the breadth and depth of expertise to address these areas prop-
erly during aircraft certification. FAA should make appropriate additions to
its staff for these purposes. In addition, we recommend that FAA develop new
systems on the role of flight crew members, for certifying software, and for

monitoring software configuration changes.

At present, the only generally accepted method for evaluating workload is
task/time-line analysis based on comparison with previous aircraft designs.
This technique, supplemented by improved subjective evaluation methods applied
by qualified pilots, will offer the best means for demonstrating compliance
with FAA crew complement criteria. We recommend that the FAA incorporate such

methods in the tests to be employed for the certification of the B-757 and B-767
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aircraft. Studies of crew performance under a variety of conditions may pro-
vide additional methods for the assessment of crew complement in the future.
Line operations, full-mission simulation using selected line pilots could be

used in conducting these studies.

Consultation with qualified line pilots has long proven to be beneficial
and is incorporated to varying extents by manufacturers in the aircraft design
process. Several aspects of new aircraft certification, such as crew proced-
ures, workload evaluation, and training requirements, would be enhanced by
augmenting FAA certification teams with FAA for a specified period. We rec-
ommend that FAA consider adopting such a procedure along the lines of the cur-

rent procedure for using designated engineering representatives (DERs) .

FAA should assign high priority to completing and keeping current Chapter
187 of FAA Order 8110.8 to provide formal guidelines for evaluating the effects

of weather, ATC, and other system factors.

The minimum equipment list identifies those items that may be inoperative
when an aircraft is dispatched on a commercial flight (with appropriate oper-
ating restrictions). Recognizing that crew workload could be directly affected
by the minimum equipment list, we recommend that the minimum equipment list be
prepared and that related tests for examining combinations of failures be con-
ducted during the crew complement certification process as well as during the
subsegment process relating to the development of air carriers' operating

specifications.

Crew complement, as noted earlier, is only one among many crew-related
issues that have a bearing on aviation safety. On the basis of concerns ex-
pressed by flight crews and others, as well as our own observations, we con-

sider these issues to be important in the interest of promoting flight safety.

The aircraft separation assurance program should receive FAA's highest
priority, and efforts to improve the ATC system should be adequately and
promptly funded. We are encouraged by recent FAA announcements regarding plans
for the rapid implementation of collision avoidance systems. As the Airline
Pilots Association (ALPA) and others have urged, we recommend that FAA examine
the possibility of using the ATC Radar Beacon System in the initial implementa-
tion of these systems. Positive control of aircraft should be provided in all

heavily traveled air space and major terminal areas at the earliest possible time.
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Reliever airports and runways should be established in major terminal areas to
provide appropriate separation between low-performance aircraft and jet trans-

ports.

To further increase the effectiveness of the ATC system, we recommend that
FAA require all aircraft using heavily traveled airspace to be equipped with

at least Mode C (altitude encloding) transponders.

Some form of vertical guidance, such as Visual Approach Slope Indicators,
should be installed on all runways used by air carriers. Airports served by
air carriers :should also have instrument landing system facilities. Instrument
landing system and related ground support facilities should be upgraded to keep

pace with advances in aircraft capability such as autoland.

Local noise abatement procedures in some cases require special flight
maneuvers that could compromise safety. We recommend that FAA consider ways
of standardizing procedures relating to these maneuvers with safety as the
primary concern, Consideration should also be given to exempting newer,
quieter aircraft from noise abatement procedures that were designed for older

aircraft types.

Improvements should be made in the provision of pre-flight weather brief-
ings and timely and accurate in-flight weather informatiom, particularly in

terminal areas.

Flight crews of whatever size should be relieved of and insulated from
demands and distractions that do not relate to flying the aircraft. Some meas-
ures, such as prohibiting non-flight-related cockpit conversations and communi-
cations during critical phases of flight, have been proposed. Potential dis-
tractions can be further reduced through the increased use of single transponder
code assignments and automated communications devices, and through the establish-
ment of direct communications links between the ground and passenger-cabin crews
to deal with such matters as the personal needs of passengers. We also recom-
mend further reduction of non-essential contacts between the passenger cabin and
the cockpit. Cabin crews should be trained to deal with passenger problems and

to operate cabin equipment without the assistance of flight crew members.

Although the incapacitation of a flight crew member is a rare occurrence,
the airlines should uniformly establish programs to train crew members to recog-

nize subtle incapacitation of a fellow crew member and to follow appropriate
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procedures in the event of such an emergency. We also recommend the further
development and use of restraining devices that would prevent an incapacitated
crew member from interfering with the flight controls during critical phases of

£light.

We are impressed with efforts by air carriers to reduce the number of crew
related accidents by improving training in command, leadership, and cockpit re-
source management skills and by establishing line-oriented flight training pro-
grams. In addition, we recommend that airline pilots serving as second in com-
mand also be required to have an FAA airline transport pilot certificate with

type ratings for the aircraft on which they serve.

Special attention should be directed to concerns expressed by some pilots
over what they consider to be an excessively punitive approach by FAA in en-
forcing safety regulations. We recommend that ways be sought to instill and
strengthen a sense of trust and cooperation between FAA and members of flight
crews. In particular, we recommend that NASA'a Aviation Safety Reporting Sys-
tem be strongly supported by FAA and NASA, and that serious provisions appli-
cable to the aviation safety reporting system and to protecting aircrews from
unwarranted disclosure of conversations recorded on cockpit voice recorders be

enforced.

Many of the Federal Aviation Regulations relating to flight crew responsi-
bilities appear to be unnecessarily complex. An effort should be made to sim-
plify and clarify the Federal Aviation Regulations to make them more under-

standable and easier to use.

Enroute, terminal area, and approach charts are frequently designed in a
way that makes them difficult to use. The design and content of these charts

should be improved.

The Secretary of Transportation should take steps to expedite the imple-
mentation of FAA's Aviation Safety Analysis System Project to strengthen its
ability to collect, process, and disseminate safety-related information neces-
sary for decision-making in FAA and the aviation industry generally. The Avia-
tion Safety Analysis System is being designed to be compatible with other acci-
dent data systems, including those maintained by the National Transportation
Safety Board and the International Civil Aviation Organization. It is essential

that this system include worldwide data.

113



The research conducted by FAA, NASA, and the Department of Defense on the
impact of automation on the role of flight crews should be continued and ex-
panded. We also recommend that strong support be given to the development and
evaluation of safety-related systems, such as Cockpit Display of Traffic Infor-
mation and Heads-up Displays, as well as to on-going research on the effects of

fatigue, desynchronosis, and length of duty period on flight crew performance.

When I was asked a few days ago to provide a presentation to this workshop
regarding my observations on the crew complement issues, it initially gave me
some difficulty. It was difficult, for example, to select a topic that was not

under review by the President's Task Force on Aircraft Crew Complement.

And, if the results of the Task Force were not released to the public in
time for this presentation I would have difficulty in steering clear of the

many sensitive topics that have characterized the crew complement debate. How-
ever, it appeared to me that there were neutral areas that were not generally

considered to be in the domain of the crew complement controversy.

Not many, but enough to attempt a discussion. TFor that discussion I had
chosen the subject, "Beyond the Crew Complement Problem'" to review the various
system and operational enhancements that appear to be needed regardless of the
outcome of the crew complement question. This would have been somewhat risky,
but T was willing to attempt such a discussion to encourage communication on
the selected topics within the air transportation industry and, in particular,

within this workshop.

However, the Task Force's recommendations were made public last Thursday.
I have redirected this presentation around this newly released information. I
have also revised the title of this presentation to "A Review of the Crew Com-

plement Recommendations."

Before I start this review, I want to make two or three points. I will
attempt to keep my discussion of the Task Force recommendations strictly factual.
Tf T provide additional comments on any matters not contained in the Task Force
report, I will identify these as ideas or thoughts not included in the report.
Whenever I use the word "we," I am using the words of the Task Force's formal

report.

On July 2, 1981, the President's Task Force on Aircraft Crew Complement

issued its report concluding that operation of the McDonnell Douglas DC-9-80
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aircraft by a crew of two is safe, and that adding a third crew member would not

be justified in the interest of safety.

Chaired by former FAA Administrator and Air Force Secretary, John L.
McLucas, and including Fred J. Drinkwater, III, Chief of Aircraft Operations
at NASA's Ames Research Center, and Lt. Gen. Howard W. Leaf, Inspector General
of the Air Force, the Task Force which was appointed by President Reagan was
asked to review the August 1980 decision of the FAA to certify the DC-9-80 for
operation by a minimum crew of two persons. It was also asked to make recom-
mendations concerning the use of two-member crews in the proposed Boeing 757

and 767 and other '"new generation' commercial jet aircraft.

In determining that the DC-9-80 is safe for operation by a crew of two
members, the Task Force concluded that the procedures FAA followed in reaching
its decision were proper and in compliance with the applicable provisions of

the Federal Aviation Act of 1958.

Addressing future aircraft, the Task Force concluded that, as designed,
the Boeing-757, Boeing-767, and the A-310 being developed by the European con-
gsortium, Airbus Industries, potentially can be operated safely by a crew of
two, and that the addition of a third crew member would not be justified in the

interest of safety.

The Task Force has said that, although it cannot pre-judge the outcome of
the certification process as it would be applied to future aircraft, the pres-
ent certification process, improved and strengthened as recommended by the Task
Force, will ensure proper certification of such aircraft as the Boeing-757 and
Boeing-767, and proper review of the certification of such foreign-made aircraft

as the A-310, from a crew complement standpoint.

The Task Force's recommendations concerning the crew complement process
relate to the FAA procedures and staffing for evaluating digital avionics,
flight control systems, and computer software; FAA methods for evaluating crew
workload; participation of line pilots in the certification process; FAA guide-
lines for evaluating aviation systems factors; and evaluation of equipment that

may be inoperative when an aircraft is dispatched.

With respect to those recommendations, the Task Force has provided the
following: Other safety-related recommendations of the Task Force concern im-

provements in the air traffic control system and aviation operating procedures;
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insulation of flight crews from demands and distractions not relating to flying
the aircraft; training and qualification of flight crews; enforcement of safety
regulations; the clarity and content of regulations and other documents; and

safety-related data collection and research.

A final recommendation was made to ... "urge that FAA take special care to
guard against. any diminution of existing safety standards among air carriers as
a result of economic changes within the industry. New entrants must be held to
the séme high standafds that long-established carriers have maintained and
established carriers must be encouraged to maintain their high standards regard-
less of pressure to cut costs in the face of new competition. The experience to
date has been excellent, and we are confident that FAA can be counted on to
carry out its duty under the law to maintain the highest standard of safe,

reliable air transportation in the United States."

When the Task Force first came together, it quickly identified five areas
of major concern and formed teams or panels to deal with the issues related to
these areas. The subject areas were the safety record of the airlines, the air
traffic environment, cockpit systems and technology, human factors, and the
certification process. Fach team reviewed the voluminous data available to it
and conducted its own analysis. Part II of the Task Force report is a review

and analysis of those major issues.

In its report, the President's Task Force on Aircraft Crew Complement has
provided the following information regarding its approach to the investigation

and study of the crew complement issue:

Within the 120 days we have had to complete our review and analysis. We
have endeavored to consider every relevant factor, to hear every responsible
proponent of every reasonable point of view, and to examine all written material
presented —- from handwritten letters sent by individual pilots, flight engineers,
and members of the public, to voluminous filings submitted by parties with sub-

stantial interests in the outcome of our inquiry.

We assembled teams of independent experts to conduct studies of all facets
of the crew complement issue. In doing so, we drew heavily from various govern-
ment agencies, especially the National Aeronautics and Space Administration and
the U.S. Air Force, as well as a few independent research organizations, for the
exbertise of individuals who had no ax to grind on the issue before us. Each of

the teams conducted an intensive review of the existing literature and analyzed

116



all available relevant data.

We interviewed numerous pilots, airline executives, and representatives
of aircraft manufacturers, the principal flight crew associations, and the FAA.
We also visited, and examined data provided by, representatives of European air-

craft manufacturers, airlines, pilot associationms, and aviation ministries.

In addition to the DC-9-80, we specifically considered the B-757, B-767,
and Airbus Industrie A-310 aircraft from a crew complement standpoint. We were
briefed extensively on these aircraft during visits to the manufacturer's fa-
cilities, and we reviewed substantially related documentation. As cockpit ob-
servers, we flew in the DC-9-80 and other currently operational aircraft flown
by two- and three-member crews. We also examined mock-ups 'of the cockpits of
the B-757, B-767, and A-310 aircraft, and observed and participated in simula-

tor demonstrations of the B-767 cockpit systems.

Finally, we invited public comments and held ten days of public hearings,
during which we and the principal members of the Task Force staff had the
opportunity to ask questions of those presenting testimony in an effort to
understand fully all the issues, data, views, and perceptions involved. The
technical investigations, and the public hearings and comments, provided the

basis for our conclusions and recommendations.

At the press conference on the second day of this month Dr. McLucas pointed
out that there has been an increase in the fraction of jet transports flown by
two-member crews and as this fraction has increased, safety records have im-
proved overall. Furthermore, in 1980, two-member airplanes accounted for
twenty-four percent of the scheduled airline fleet and forty-two percent of de-
partures. For that year there was not one fatal accident in the more than four

million certified route air carrier passenger operations in the United States.

Dr. McLucas concluded the press conference on March 2nd with the following
statement: "We have reached a number of conclusions in the course of our work,
but one conclusion stands out. Jet transports can be designed to operate safely
with crews of two. They can be designed to operate safely with crews of three.

Both designs have achieved excellent safety records."

Thank you.

DR. DIEHL: Thank you very much, Joe. Our next speaker is Capt. Charles

"Bill'" Connor.
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In addition to being a line pilot for a Delta in a 727, he is also an
Adjunct Professor of Aviation Psychology at Embry-Riddle University. He holds
a Master of Science in Aviation Technology, among other degrees, from Embry-
Riddle University. He is a former U.S. Marine Corps pilot. He has been a

test pilot, and has flown the L-1011 and the DC-10 aircraft.

I would like to get Bill to give us some prospectives from the operational
airline pilot's view point on the Presidential Task Force findings; and, any-

thing else he might provide us within our human factors program.

MR. CONNOR: Thank you. I would like to start with my disclaimer. I am

not representing Delta or ALPA, but I would like to cover some of these issues.

The computer/mechanical technology has made a quantum leap in the past
decade. But what about human technology, this being the psychological tech-
nology and physiological technology. The other area, environmental technolo-
gies, makes up this group which has not kept pace with the computer/mechanical

technologies.

Let me pose some operational questions. Does the new technology fit the
external variable environment? Will the new machines be an extension of the
man, or will the man be made an extension of the machine? Will the control
be returned to the cockpit? Can the environment be upgraded to maximize auto-
mation potentialities? Should artificial intelligence be developed at this

time?

Airport facilities —— should all runways have ILS's (instrument landing
systems) installed? Should the glide slopes have DME (distance measuring
equipment) readouts? Should all runways be grooved and have VASI's installed?
Should all runways be standardized with respect to lighting in the following
areas: (a) ALSF II lighting; (b) approach light system; (c) sequence flashing
lights: and (d) REILS?

What will be the navigation environment? Will we have access to TRSB/MLS,
NAV Star, or 4D NAV.? Is there a time frame for implementation of these navi-
gation systems? Can we have electronic vertical guidance in the interim at all

runways? Yes.

The end-fire antennae has been available for the past three years. The
system has no terrain restrictions or tidal effect. This system is presently

installed at Rock Springs, Wyoming.
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Should we standardize cockpit information instrumentation with respect to
electronic displays? How will we upgrade the existing fleets that do not have

the electronic displays? Could the new information formats be a location prob-

lem or a search problem?

Will all new aircraft have ground speed readout on the ASI? Will all new

aircraft have wind direction and velocity on the HSI's as currently planned?

Would it be more desirable to have wind direction and velocity in numerics
on the ASI? I think so. There is a capability in existence to have wind
telemetry in the landing zone which is superimposed on the localizer signal

presently.

What are the physiological technology factors in this new system?
Dehydration -- will the new aircraft have five percent humidifiers? Will stud-
jes be done on biological circadian rhythm desynchronization? Will studies

be done on noise level fatigue as applied to infrasonics?

Are we studying visual fatigue from high altitude glare or electronic
display glare? Are we doing any studies on nutrition as related to crew per-
formance? Are there any studies underway addressing the problems associated
with physiological inactivity during long periods aloft?

How will the area of psychological technology be addressed in training?

Is LOFT the answer to future training problems in automation? Will we be facing
the possibility of mental and perceptual-motor atrophy with the new flight deck
automation? Should we consider using climb and descent corridors to eliminate

excessive voice communications?

Hopefully some of these questions can be answered during the workshop

tomorrow.
Thank you.

DR. DIEHL: 1In the first session, we heard a great deal about accident
investigation and pilot performance. And this last group of speakers will be
addressing problems on air traffic controller performance and cabin safety,
and we are again fortunate in having some nationally recognized experts on

these topics.

Dr. Saul Sells will be our first speaker. He is currently the director of
the Institute of Behavioral Research at Texas Christian University and he has

been at TCU since 1962,
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He is a Professor of Psychology and holds a PhD from Columbia University.
He has also taught at the University of Texas and Trinity University. He was,
in addition, the head of the Medical Psychology Department at the U.S. Air
Force School of Aviation Medicine. He is currently a consultant to several

airlines and to a large variety of government and industrial concerns.

He is an editor of various psychology publications and also has been ac-
tive in the statistical research. He has published over 20 books and approx-

imately 300 journal articles and technical reports.

I would like to point out that he has received quite a number of honors
over the years. He has been president of the Society for Multivariate
Experimental Psychology, the Southwestern Psychological Association, and the
APA's Division of Military Psychology. He has received awards from the Aero-
space Medical Association, and holds the Air Force Commendations for Meritor-
ious Civilian Service. He is listed in the Who's Who in the U.S. and the World
and American Men of Science. We are delighted to have Dr. Sells here today.

He will be talking about air traffic controller specialists selection. Dr.

Sells.
DR. SELLS: Thank you.

The United States is probably the only country in the world in which
actuarial selection of personnel for employment is a well-accepted practice.
This involves the use of previously validated predictors (tests and other types
of information, such as demographic and biographic variables) to make probabil-
istic predictions of success on specifically defined jobs, based on experimental
validation studies. Probabilities of success in such situations apply to batches
(groups, samples) of applicants and are not specific to individuals, as in
clinical assessment, for which validation is not possible because of the unique-

ness of each clinical decision.

The usual approach in the design of selection research is first to complete
a job analysis in order to identify the critical person characteristics required
for effective performance of the job. A competent job analysis is thus useful
for the development of a set of predictor instruments and also for evaluation
of existing performance measures or, as is usually the case, development of new
performance measures appropriate for the research. Unfortunately, performance

measures developed for personnel decisions, when professional measurement
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principles are not followed, are generally both too unreliable and too vague

to be useful as criteria in rigorous selection research.

In a selection study, the experimental selection instruments are admin-
istered to a sample of applicants for the job (in a predictive design) or to a
sample of incumbents (in a concurrent validation design), and the investigator
must obtain performance measures for a suitable period on those hired (in the
former case) or on all tested (in the latter case) and then correlate predic-

tors with criteria.

Acceptance of predictors that correlate highly and significantly with the
criteria enables the development of composite scores that can be examined in
expectancy tables to observe probabilities of success at different levels of
predictor score. With reasonably high correlations it is generally found that
probability of success increases with higher scores, but at the same time the
proportions of applicants qualified at those levels fall off. Determination
of a cutting score is a responsibility of management (not the selection re-
search professional) and involves a decision that balances the limited supply
of high level talent available against the need for numbers of positions to
be filled. The higher the cutting score, the fewer qualified persons available,
but the lower the rate of failure to be expected, and vice versa, the lower the
cutting score, the greater the number of qualified persons available (qualified
as defined by the cutting score), but the higher the rate of failure to be ex-

pected.

In actual practice, it is necessary to assure stability of results and
this usually involves replication of the research on additional test samples
to cross-validate the initial findings. It is frequently possible to consider
expectancy for different combinations of predictors. However, a major problem
is the inclusion in the research of criterion measures representing different
stages of development in a job. For example, in ATCS research, it is possible
to utilize laboratory grades and pass vs. fail in training at the FAA academy
as criterion (performance) measures at an early point in ATCS career development
and also on-the-job performance at later stages, during developmental training
and later during full performance level, journeyman performance. In most fields,
the relation between performance during training and later progress and perfor-
mance should not be assumed or taken for granted and is really an empirical

question.
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Finally, it is accepted doctrine among professionals in selection research
that quality control is a continuing necessity when an experimental selection
instrument (test battery) is operationalized and utilized over time. Changes
in social conditions, in the self-selection of the portion of the population
comprising the applicant samples, as well as changes in procedures, may result
in changes in yield. Furthermore, changes in the job may alter the results ob-
tained. Once a test battery is accepted for operational use, it should be
monitored by essentially cross validation procedures on a continuous basis to

provide assurance of its continued usefulness.

The tremendous growth and expansion of commercial aviation in the United
States and indeed, the entire world, over the past thirty-odd years have re-
quired development of an extensive air traffic control system to ensure avia-
tion safety as well as orderly and efficient use of airports and air lanes by
the every-increasing fleets of passenger, cargo, and military aircraft. 1In
this system, operated by the Federal Aviation Administration (FAA), the posi-
tion of Air Traffic Control Specialist (ATCS) has been and for a considerable
time to come, will continue to be the most critical link. Development of tech-
nology for a fully automated system is believed by some experts to be a feasi-
ble possibility, but in the remote future, the system must depend on the per-
formance of controllers until such equipment is developed, tested, and fully

available on an operational basis.

The air traffic controller job is unique in that it has no counterpart in
the civilian work force and the numbers of men and women required annually by
the Federal Aviation Administration to maintain budgeted staffing levels far
exceed those of available personnel trained in the military services, the only
present source of trained controller personnel. As a result, the system depends
on the recruitment, selection, and training of talented but inexperienced per-

sons from the general labor force.

Research on the selection of air traffic controllers began in the early
1950's, under both military and civilian (FAA) auspices. Beginning in 1960, a
series of selection studies was carried out at the FAA Civil Aeromedical In-
stitute (CAMI) that led to the adoption of an operational ATCS selection battery
by the then Civil Service Commission (CSC) in 1964, This battery has been em-
ployed by the CSC and its successor, the Office of Personnel Management (OPM)

for the selection of ATCS's up to the present time. Based on functions identi-
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fied in commerically published tests, it consisted of five mainly trait-
oriented aptitude tests which correlated significantly with course grades and
pass-fail in the FAA Academy. These were: Spatial Patterns, Computations,
Abstract Reasoning and Letter Sequence, Oral Directions, and Air Traffic Con-

trol Problems.

Between 1964 and the present, only a few changes were made in the proced-
ures based on this battery. These included: (1) 1In 1968, the CSC battery
was waived for applicants with specialized military ATC experience, such as
radar control; this was a move to adapt to a serious shortage of ATCS's in a
rapidly expanding system. (2) 1In 1973, an age limit of 30 years was adopted
for. applicants, based on research which had indicated a negative correlation
between age and ATCS performance. (3) Also in 1973, all applicants were again
required to take the CSC test, but variable credit was awarded for prior
aviation-related experience. In addition, a pre-developmental program,
through Executive Order 11813, 1974, provided for noncompetitive hiring of

women and minorities in air traffic and other FAA occupations.

Dissatisfaction with the CSC battery arose when serious attrition rates,
between 25 percent and 40 percent, were experienced among initially qualified
ATCS's during the two to five years that they were training on-the-job to
attain full performance level. Although the FAA attempted to cope with this
problem by re-establishing a centralized, 15-week ATC Initial Qualification
Training Program at the FAA Academy, beginning in 1976, it was felt that great
savings would be achieved through an improved gselection instrument. In addi-
tion, questions were raised concerning the adequacy of the method of granting
experience credit and also the extent to which the CSC battery complied with
the Uniform Guidelines established by the Equal Employment Opportunity Commis-
sion (EEOQOC).

As a result, continuing research emphasized the improvement of initial
selection of ATC applicants, with studies focused on prediction of full perfor-
mance level in the ATC specialty, differential placement of new ATC specialists
in center, terminal, and flight service station assignments, incorporation of
measures of prior aviation experience in selection and placement, development
of improved performance measures for criteria in selection research, and con-

formity with EEO guidelines, as well as other related topics.
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A significant aspect of new test development has been the emphasis on job
simulation tests, as opposed to factor-trait oriented tests, which have domin-
ated the field of pre-employment testing since the emergence of factor analysis
as a central theme of psychometric practice, beginning in World War II.
Theoretically, test batteries representing relevant factors in the cognitive
and noncognitive areas, should with appropriate weighting, provide optimal pre-
diction of performance of any job and also maintain predictive validity when
jobs change, merely by alteration of test weights. In actual practice, how-
ever, where time constraints on testing prevent saturated representation of
the factors, which are heterogeneous for the most part, and where criterion
performance measurement is generally reduced to rather unreliable ratings, the
requirements of the theoretical models are seldom met. Under these circum-
stances, well-designed job simulation items that capture the critical essence
of jobs to be perforﬁed might well produce validity coefficients substantially
higher than those achieved by specific trait tests. Indeed, a combination of
exceptional skills in test design and criterion performance measurement in the
FAA selection research program has resulted in a virtual tour-de-force in the

quality of the latest tests for ATCS selection.

Since 1976, four major studies have been carried out with a new test
battery consisting of the Multiplex Controller Aptitude Test, a new paper and
pencil'test that simulates the controller decisions using a radar scope, the
Abstract Reasoning and Arithmetic Reasoning Tests from the CSC Battery, and
the Occupational Knowledge Test, used to calculate prior aviation credit.
These involved large samples representing four important population groups:
1) full performance level ATC specialists (journeymen); 2) developmental ATC
specialists with several years of ATC training, but not yet FPL qualified; 3) new

ATC appointees, just entering training, and applicants for ATC work.,

This research has demonstrated that the new test battery has high validity
and is well suited for identifying applicants for the ATCS occupation with the
highest potential for success, virtually without reference to sex, race-ethnic
group, education, or prior experience. The inclusion of the Occupational
Knowledge Test has enabled a superior method of providing credit for prior
relevant experience than the previously used Rating Guide. The new battery is
not only a major achievement with respect to validity, but also meets the EEOC

Guidelines for Employee Selection by demonstrating fairness where there is

124



adverse impact on women and some minorities, particularly blacks.

Notwithstanding the importance of the achievement represented by this
outstanding research, which will result in cost savings of many millions of
dollars in attrition, replacement of losses, and training of replacements;
there is little doubt that further research and development on ATCS selection
will be justified. Hopefully, those responsible for such further work will

have the talent and creativity of Dailey and his associates in the MCAT project.

Future R and D in ATCS selection should involve both predictors and cri-
terion measures. In the predictor area it may be mentioned that several criti-
cal factors mentioned in job analysis studies have not yet been addressed.
These include auditory perception and verbal comprehension, as in receiving
auditory messages and oral communication, particularly verbal fluency and
speech intelligibility. In addition, despite the elegance with which the
essence of the original motion picture displays the Controller Decision Eval-
uation (CODE) test, developed by Buckley and Beebe in 1970, at NAFEC, was
represented in paper and pencil form in the MCAT, the move from machine-imple-
mented, real time situations to static paper and pencil test situations was,

in my opinion, a move in the wrong direction.

The CODE test provided excellent simulation of the controller decision
tasks with regard to collision avoidance, but also simulated the distribution
of controller work-load over time too well to be maximally useful in a test
situation. It would have been more appealing if the traffic density had been kept
high throughout the duration of the test. Development of the MCAT took the
direction of first translating crucial decision problems into a serial slide
presentation and then to paper-and-pencil presentation. The final version,
which is speeded and spirals toward increasing difficulty of problems presented,
is an excellent test. It requires short-term memory, mental computational
skills, and attention to diverse information in a speeded, and hence highly
demanding situation, while at the same time requiring no prior instruction or

training or examinees to perform the tasks.

Considering the fact that Dailey and Pickrel were faced with prohibition
against projectors and other equipment for testing by the Civil Service Commis-
sion, the exceptional paper and pencil test that they developed can only be

admired. Nevertheless, I am convinced that in the 1980's and beyond, no equip-
’ quip
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ment should be too expensive for the air traffic control system. We already
have the technology to move our tests to new modes, involving two-way communi-
cation with computers, with realistic simulation of even the most complex
situations. At this particular time, we may have to wait for support to
utilize such equipment in new test development activities. However, I have no

doubt that the future lies in that direction. And the future is now.

In the criterion area, what is needed most is new on-line measures of con-
troller performance in his/her complex work environment. I am impressed with
the new Radar Training Facility at this Center, which was described by Dr.
Boone at a symposium in San Diego in 1979. This will undoubtedly be a research
as well as training facility and hopefully will provide a basis for the develop-
ment of such on-line proficiency measurement, in a manner that will not inter-
fere with ongoing activities. There is also activity at a research level that
may result in changes in the system, such as cockpit displays of air traffic
information for collision avoidance and distributed management of traffic be-
tween air and ground, new computers and computer aids for the controller, and
new methods of communication. As these develop and eventually impact the sys-
tem, it will be necessary to review the functions of the controller and the de-

mand for changes in predictors and performance measures.

At this time the public is aware of many problems in the air traffic con-
trol system. However, there has been no implication that I am aware of con-
cerning the quality of the controllers that staff the system. Those that are
presently employed were selected mostly by the CSC battery. I have no doubt
that when the new battery is adopted the proportion of top quality talent en-

tering the system will be even better.

DR. DIEHL: Thank you very much, Dr. Sells. TI appreciated that interest-
ing overview. Our next speaker is Dr. Joesph Tucker. Joe, like all of our

other speakers, has a very interesting background.

His operational experience began as a U.S. Army Air Force navigator and
later as a navigator instructor. He earned his Ph.D. in educational psychology
from Columbia University in 1949. From 1949 to 1957, he was with the United
States Air Force Personnel and Training Research Center and from 1957 to 1959,
he was with the Space Techiology Laboratory where they undertook some pioneer-

ing studies in support of the Atlas ICBM Program.
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Since 1959 Joe has been involved in a variety of industrial and organiza-
tional consulting activities, primarily in the areas of program instruction and

educational technology.

And since 1975, he has been the coordinator for the Center for Education-
al Technology at Catholic University of America. He will speak on aging, stress

and performance assessment in the air traffic controller performance.

DR. TUCKER: As we know, the Federal Aviation Administration is the pri-
mary employer of Air Traffic Controllers and has management responsibility over
all aspects of that employment including selection, orientation, training, re-
tention, progression and retirement. It includes responsibility for assuring
and evaluating periodically the continuing "readiness to perform'" of each air
traffic controller. That responsibility is operationally met through selected
"nissions" of the FAA such as the Office of Aviation Medicine and Civil Aero-
medical Institute. This paper reports on three concerns that relate to job

performance -- aging, stress, and job performance assessment.

Aging

The facts about air traffic controller aging and retirement present a
varied picture. The information presented here is from an Air Traffic Con-
troller Loss Study prepared August 1980, by FAA Headquarters. A well-documented
fact is that controllers' careers are longer than other Federal careers. The
length of a controller's career is related to the retirement option selected.
Over the decade of the 70's, the average controller selecting an optional re-
tirement worked to age 60, about two years longer than the average of other FAA
employees and two years less than the average U.S. Government employee. Dis-
ability retirees averaged about 23 years of service, and had an average age of
about 47 years. Those controllers selecting an "early out" option averaged
about 28 years of service. Up to 1975 most retirees selected the voluntary op-
tion. Between 1975 and 1981 the disability option was selected most frequently.
The current trend is such that it is projected that by 1985, the optional re-
tirement choice will be most often selected followed by ATC "Early Out" and dis-
ability in that order. But the fact remains that the Air Traffic Controller
career within FAA is one in which controllers evidence strong staying power
both as to average retirement age and length of service. These data have been

stable for ten years. In fact, average length of service has increased one full
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year since 1971. These data show that air traffic controllers enter service
at an age younger than most Federal employees and a very large percentage make

it a working life career.

Age of entry into service has been shown to have a strong inverse relation-
ship to successful performance in training and subsequently on the job. Re-
search by CAMI in the 60's documented that the attrition among new selectees
who were in their thirties or older was so high that FAA management limited
selection for the enroute and terminal options to applicants under age 31.
This implies that air traffic controlling is a young person's occupation. Re-
search by Cobb in the mid- and late 1960's supported the entry age cut-off by
demonstrating that the job proficiency of full performance level ATCS's or
journeyman-level controllers, generally tended to decline progressively after
age 40. Evidence that this decline, based on job performance ratings, had a
significant detrimental effect on system performance is not available. There
is medical evidence of physiological changes with age as is to be expected.
Yet Booze concluded after studying the morbidity experience of over 28,000 air
traffic controllers over a ten-year period, "that experience does not appear
excessive when compared with the experience of other outside groups studied,
except for psychoneurotic disorders. Additionally, a lack of association be-
tween disease occurrence and occupation is observed in the data correlating

disease occurrence with length of service and age."

Pickrel and Associates in conducting validity studies to support the use
of a Pass/Fail criterion at the FAA Academy documented that air traffic con-
troller performance improved for the first several years on the job. Decrements
associated with continuing service occurred primarily among controllers assigned

to administrative duties. Aging, per se, was not a factor.

Thackray's study of the effect of age on the ability to sustain attention
during performance on a simulated radar task showed that mean target detection
time, errors of omision and commission increased significantly with age, with
performance impairment occurring earlier in the two-hour experimental session
with increasing age. Physiological measures of visual scanning activity and
skin conductance level, as well as subjective measures of fatigue, boredom, and
attentiveness all failed to provide adequate explanations for the greater de-

cline in performance with age.
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Thackray's work, some medical findings and evidence of performance decre-
ments suggests that research into the effect of aging must continue but it must
get closer to the actual career experience of the air traffic controller. As
Pickrel has pointed out, there is much diversity of activity among the three
air traffic control options. There are seven Flight Service Station positions
and three levels of facilities. The terminal positions include radar control,
VFR and movement of traffic on the ground. The Air Traffic Control Centers
similarly have a variety of positions. In addition, workloads vary from facil-
ity to facility and from shift to shift. Are the aging controllers being used
selectively in a manner significantly different from the younger controllers?
In other words, if there ‘is an implicit recognition of performance decrement
with increasing age among air traffic controllers, is it being managed within

the system in some manner?

In addition to the on-going research being conducted by CAMI and other FAA
agencies on the aging process, several other approaches to research may be in
order. The Personnel Management Information System should be evaluated as to
how well it is tracking key career decisions by controllers and improved where
necessary. Longitudinal studies are likely to be more informative than the
cross-sectional studies so often used in the on-going research. And, finally,
this speaker recommends strongly that consideration be given to use of modern,
sophisticated naturalistic inquiry methodology aimed at finding out what really
does happen career-wise among controllers as they build up lengthy periods of
service. The inconclusiveness of the research on aging at this point suggests
that we might not yet have identified the right questions to ask. Naturalistic

Inquiry Methodology could lead to the identification of the "right questions.”

Stress

Since the experience of stress is subjective and personal, it is very dif-
ficult to state a concise, objective operational definition of the concept. The
experience "stress,'" has physiological, emotional and intellectual correlates
all of which help scope the concept. The word "stress' has many meanings in
the English language. The following meaning "emotional or intellectural strain
or tension" is meaning six in Funk and Wagnalls. Within the context of that
definition, strain is "overexertion'" and tension is mental strain or intense

nervous anxiety.
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The job of air traffic controller is one that requires cognitive facility
and emotional stability. It is an active, participative job rather than a
passive one. However, it is not a physically demanding job. The work itself
does not lead to physical overexertion and physical fatigue. Comsequently,
when terms that have physiological "overtones" such as fatigue and stress are
used for the air traffic controller job it is assumed that they have an emo-
tional origin. It is less often recognized that they may have, also, an in-

tellectual, cognitive origin.

The workload of an air traffic controller can vary during a shift, or as a
function of location, from low activity to high activity. Emotional stress can
be associated with all levels of job activity and the question of what level of
activity in air traffic controlling correlates with the minimum of emotional

stress is an important human factors question.

Stress of an intellectual, cognitive origin can arise from an information
processing overload. The following will discuss stress as information proces-

sing overload and then as anxiety.

Information Processing

Finkelman and Kirschners' article "An Information Processing Interpretation
of Air Traffic Control Stress'" in a recent issue of The Human Factors Journal
defines stress in information processing terms. They assume that the controlling
task places unusually high information processing demands upon controllers for
extended periods of time so that they must work close to the limits of their
channel capacity. The summary of their article includes the following interest-
ing statement, '"The effort required to process information, maintain continuous
concentration, and render timely and reasonable decisions is likely to be very
stressful. Although stress related performance decrements would not be accept-
able in the typical air traffic control situation, the effects of stress may
manifest themselves in social and family relationships and in physical and men-
tal health. It is possible that laboratory measures of information processing
(such as the delayed digit recall subsidiary task) could be used to evaluate
reserve capacity and thereby predict the ability to cope with stress. Air traf-
fic controllers with higher channel capacities may be less likely to make errors
under conditions of stress and less likely to suffer the physiological conse-

quences associated with high information processing loads.'
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"Channel Capacity,'" an obvious analogy, is the key concept. The trained
air traffic controller is assumed to have an ability to process air traffic
that is relatively stable in each controller, but varies as to capacity from

controller to controller,

Each is assumed to have a 'reserve capacity" that can supplement the nor-
mal capacity. This capacity also can vary from controller to controller. Under
conditions of heavy workload, the controller with a relatively low normal ca-
pacity would have to call upon his reserve capacity sooner than a controller
with a high normal capacity. The low capacity performer would be likely to
experience stress sooner and experience it longer and possibly be more poten-

tially prone to a performance error than the high capacity performer.

This conception is researchable. The implications for selection, training
and performance assessment are obvious. Laboratory studies by Thackray at CAMI
support the existence of an information overload phenomenon. Research into pos-
sible selection instruments such as the '"delayed digit recall subsidiary task,"
seem justified, particulafly, at a time when increases in air traffic controller
workload are forecast. Since this theory is helpful in explaining the relation-
ship between stress and job performance, I hope there can be a brief discussion

of it at tomorrow's workshop.

In summary, stress can both affect one's job performance and be affected
by job demands. A plausible conceptual relationship to '"channel capacity" can

be postulated and tested.

The relationship between stress and other variables may be non-linear and

require careful plotting.

Anxiety
Anxiety has been defined psychiatrically as "a tense emotional state char-

acterized by fear and apprehension regarding the future."

Smith has reported on a decade of research concerning stress, anxiety, and
the Air Traffic Control Specialty. Smith's_ten studies included attitude sur-
veys, the State Trait Anxiety Inventory, other anxiety inventories and physio-
logical measures. Smith found air traffic controllers, in general, to score low
on trait anxiety. There is no reason to assume that trait anxiety, as a person-
al characteristic of air traffic controllers acts to degrade "channel capacity,"

with a possible effect on job performance.
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State anxiety is sensitive to shift length and workloads. State anxiety
scores are higher toward the end of the shift, a condition true of many profes-
sions. They tend to be higher on night shifts as opposed to day shifts. How-
ever, state anxiety does not show in air traffic controllers a level that would

affect either job performance or '"channel capacity.”

Smith concludes his report as follows "...there is little evidence to sup-
port the notion that ATCSs are engaged in an unusually stressful occupation.
That is not to say that ATCSs never encountered unusual stress on the job;
however, it does appear that this is the exception rather than the rule. ATCSs
appear both well-qualified and well-suited for air traffic work. The demands
of air traffic work do not appear to place unusual stress on ATCSs; this pro-
fessional group appears quite capable of handling requirements of the job with-
out distress. The notion that this occupational group is being pressed to the

psychological and physiological limit 1s clearly unjustified."

A study conducted by the University of Michigan Institute of Social Re-
search in 1975 compared stress factors in 23 different occupations. Though
largely subjective and based on only about 100 men per occupation, their report
would appear to support the position that air traffic control is not necessarily
the most or even a uniquely stressful occupation. The study states that in re-
gard to the demand for mental concentration on the job, train dispatchers and

family physicians were rated with ATCSs at the highest levels.

Much depends on the criteria chosen for stress. In fact, the report as-
serts that '"if one were to peek at the most stressed occupational groups, they
would tend to be the machine paced assembly line workers," an effect of boredom,

dissatisfaction with the workload and dissatisfaction with the job as a whole.

This brings us to topics of boredom and monotony and air traffic control-
ling, for there is anxiety among human factors specialists that increased auto-
mation may produce such an effect for air traffic controllers. Thackray has
studied this matter recently at CAMI. I conclude this discussion of stress with
Thackray's conclusion, "It is concluded that the available data offer no support
for the belief that boredom, monotony, or under-stimulation per se produce the
syndrome of stress. However, monotony coupled with a need to maintain high
levels of alertness, which might exist if controllers lacked sufficient confi-
dence in an automated system, could represent a combination capable of eliciting

considerable stress."
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Performance Assessment

My third easy topic is Performance Assessment. Fortunately my time is
short. Job performance is the basis for controller retention and progression.
Job knowledge is critical but does not appear to be the basis for distinguish-

ing between good and poor performance.

Controllers evaluate each other. 1In training, the evaluations are based
on laboratory exercises, instructor ratings and skills tests. When proficiency
is reached, supervisors' ratings are the primary indicator of acceptable per-

formance.

Elimination rates of the FAA Academy vary from 20 to 40 percent. Subse-
quently, in the field, the elimination rates can reach 20 percent. However,
elimination percentages aside, the fact 1s that controllers believe that they
can distinguish between good and poor performers, and do so using the job or job
related data in making pass/fail decisions. The impressive predictive validi-
ties reported by Dr. Sells testify, in part, to the reliability and validity of

the proficiency assessment measures.

But, the search for and research into valid job performance measures con-
tinues. One aggregate criterion used in validity studies by Colman consists of
measures of training performance, job performance, progression and attrition.
Buckley and Associates reported in 1978 on a theory of an approach to objective
measurement of the radar control performance of air traffic controllers, by
means of air traffic control simulation exercises. Buckley identified at least
45 systems measures of job performance. Currently, Boone is continuing the
research into identifying valid, useable measures of job performance and their

best combination.

Pickrel has used performance measures to establish pass/fail cut-offs for
academy training and has urged the use of Controller Skills Tests to support the
reliability and validity of laboratory scores. Currently, the speaker is in-

vestigating the feasibility of using micro-simulations for skills testing.

Over the shoulder evaluations by job supervisors have been made more objec-—
tive based on detailed job/task analyses performed by the System Development

Corporation.

The current research and development work promises to provide increasing

133



objective, reliable and valid measures of ATC job performance. However, their
primary use will be for making pass/fail decisions at critical career progres-
sion points. The separating of good from poor performances is likely to be
improved. However, the determination of what constitutes '"mastery' among air
traffic controllers and the differentiation of the best controllers from the
acceptable ones, awaits a theory of cognitive behavior that is descriptive of
what the cognitive repertoire of a controller is and how it is used in the con-
trol of air traffic. Kinney and Associates of the Mitre Corporation have made
an impressive beginning in this regard as described in their 1977 studies. The
writer hopes that this topic can be addressed at tomorrow's workshop concerning

the Air Traffic Control Specialists.

DR. DIEHL: Thank you, Dr. Tucker. Our last speaker is Miss Kay Avery.
Kay has two degrees, one in education and one in zoology. She taught high
school for two years in Wisconsin, and then joined American Airlines where she
flew for several years as a line flight attendant. She has held supervisory
positions in flight service and has been involved with the training of flight
service personnel. And for over 20 years, she has been involved with flight
attendant emergency procedures and training at American Airlines. We ask Kay

to come up here and talk about cabin crew and flight crew coordinationm.

MISS AVERY: I guarantee this will not be long. I did not really find
out that I was going to be able to come to speak to this group until yesterday
morning. So I do not have a paper, just some general comments that I hope you

might be interested in.

I thought you might be interested to know about flight attendant and

crew coordiantion with the cockpit crew members.

That is sort of a central issue which a lot of pilots comsider very impor-
tant, from a procedure angle. And I thought I might talk -- there are doctors in
this room -- briefly about our flight attendant medical training that we do at

American Airlines and then lastly, a little bit about cabin safety and our concerns.

And we have some real concerns there with recent incidents that have been
happening. On crew coordination, our procedures —— remember, now, I am speak-—

ing just from one airline standpoint and every airline has different procedures.

One of my jobs is to handle coordination of all flight attendant proced-

ures to and with and from the pilots. That is why I am down in our Fort Worth
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offices because the flight department is there and has been there for some
years. So all I have to do is walk across the street, or make a telephone
call so we can coordinate. Another reason is that our certificate to fly is
held by the’Southwestern Region of the FAA and it is not too far away from
the airport. So it makes it kind of a cozy society. I am in charge of akl
flight attendant evacuation procedures. Now, I do not just sit at home at

night and dream these things up.

Our Director of Safety, Mac Eastburn has a tremendous influence over me.

We respect him and those procedures have been developed.

All safety general procedures -- and here is an example. The DC-10's, as
many of you know, were certified or at least American's were, with door armed
lights in the cockpit so the crew knew not only that the door was closed, but
it was armed too. Therefore, we could not depart from the gate until our pilot
got on the ball and armed that door immediately. Whereas on all our other
aircraft, the doors are armed as we push back. Okay. "Flight" has removed
those lights from the cockpit now and we are going to change our procedures
so they are standardized and every aircraft is the same. That is not a real

exciting procedure, but, you know, it is interesting, I thought.

I do furnish flight attendants with evacuation procedures and they have
published a checklist, planned emergency checklist, and it is published in the
pilots' manual. And we welcome any pilots to come to any of our emergency
training sessions. It is often difficult to get them to do so because recur-
rent emergency training usually lasts till midnight. That is when the air-
craft are available. We use the actual airplane for the drill work in the

recurrent training.

We have simulators in Fort Worth which are very lovely, and very expen-
sive for the initial training. One thing, and I think our pilots understand

this -- our evacuation procedures, as such, the evacuation of the airplane, 1is

taught without the crew present at all.

That is kind of a grim overtone, but we are supposed to be able to act on
our own without their intervention. We will not wait for them because they may
not be there in an accident. So that is the basis and philosophy of that par-
ticular training. If anybody wants to ask me about that in the workshop tomor-

row, I will be glad to discuss it. The reason is important, a quicker evacua-

135



tion. T think we have seen in so many airlines evacuations, the cabin crew
is waiting for the cockpit to say "Go," and in those precious seconds, if a

fire occurs, time is lost.

Our vice president of marketing speaks with Mr. Ehmann, Captain
Ehmann, the vice president of "flight." But I am talking about safety training
as such, not the big corporate philosophies. American's medical training more
than complies with any FAR specifications. I am sure you are familiar with
the FAR; it is rather general in first-aid and medical training. We teach and
have hands-on training on resuscitation. Now, I cannot honestly stand here
and tell you we teach CPR, but we are awfully close to it. We call it MMR and

CCC, mouth-to-mouth resuscitation and closed cardiac compression.

The reason is time. The Red Cross Association training is a full eight
hours. We do not have eight hours to spend. But we do spend the money to have
mannequins at the school and at every one of our flight attendant bases, we
have half an "Andy" there and every year everybody compresses and blows like

mad.

And T can tell you, I think our results have been pretty good. I am very
proud of our flight attendants in what they have attempted to do because we
know we have people who are sick once in a while on our aircraft, some passen-

ger deaths, and they really have tried.

I think they need all the accommodations possible. We only teach -- and
some of you medical people might be interested in this. We teach flight atten-

dants to treat symptoms only. They do not diagnose.

Back with Orville and Wilbur when I became a flight attendant, I was taught
about stroke and heart attack and shock and everything else. And then with the

concept of Dr. Leather, who some of you might remember, he changed that.

We are not nurses. That year is long gone. We are not professionals in
the medical field. We are just treating what we can see and, you know, that
works. People with a little knowledge start treating something -- they start

treating things that perhaps should not be.

We stay away from that., It is called levels of consclousness: Is the
person breathing? Tilt the head back, Does the person have a pulse? You

know what you can do if they do not have that.
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If you lay them flat on the floor, there are basic things to do. And we
follow a regular checklist. So far it has been pretty successful. We can do
a better job. I am not quarreling here. I think we do a much better job and

I am trying to even improve that checklist.

We teach within the confines of the medical equipment that is available
to us in the aircraft. A lot of suggestions come from various medical groups --
why don't you add an airway -- those things that you stick in your throat. So
if you have a more sanitary blowing procedure, well, that takes a little train-

ing. You do not want to gouge something back in someone's throat without that.

Also, things in the aircraft like to be stolen and that is probably our
greatest problem. They do not stay with us very long. That is why we do not
have those, and we have done pretty well with just what we have. We teach them
how to put on a splint and we have not used a splint. We do teach them how to
do it and why not to administer burn ointment unless the passenger requests it

and how to put on a bandage compress. We have used that; and how to wash out an

eye irritation, and so forth.

Cabin safety then is the end result. We have procedures to have flight
attendants report to us what is happening. This is the best of all., It
is called OP4. Who cares what number it is. Whenever there is a medical
emergency on the trip, they come to us in Fort Worth first. We in turn send
them to Dr. Wick who is now our corporate medical director, but not before
we get a chance to read them and know what is going on medically on our air-

craft every day.

We certainly cannot dream things up, although we think about people who are
going to get sick on this, this and this. We know what they are getting sick from.
And I suppose when we get into the rocket era, there will be a whole new set of

disorders that might come.

We are not perfect. We learn from everyone, and mainly our flight atten-
dants in this manner. In flight cabin safety, and I bet we are golng to discuss
this in our workshop tomorrow, safety on the work environment is certainly of

concern to American Airlines and every company that I know of.

There are some real serious issues that are facing us right now. The hi-
jacker. That is not too funny. And the hijacker has a volatile liquid now as

a weapon and I am sure many of you have seen the FAA film of what happens when
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a volatile liquid is ignited in a cabin.

It just cannot happen. And it is pretty bad, I'll tell you. So we are
very concerned, particularly our director of safety and other interested people.

What can we do to prevent this character from getting on the airplane?

These devices in the cabin aircraft —- out of the cabin aircraft -- become
very lethal as you get into pressurization systems. Here is what we are, and

here is where we in flight service and the flight department work as a team.

And talking about hijacking, and we really do, we share the same training
aids. That happens to be a B box. It happens to be a B box, QCS film and we
share the same procedures. We share the same room if we wanted to, to look at

this training tape.

We have other films that we also share that the FAA has given to us, or
we make our own. And we do share them with the pilot. Share them, they make

them and we take the advantage of it.

In the case of hijacking, and we have had several, it really brings the
entire crew together. I guess psychologists would have an answer to that.
But it is very noticeable and it is very heartwarming following a hijacking,
they have comments in writing to me like "We think our captain was great."
Boy, is that nice to see. And the most recent hijacking that we had was at our

one year's anniversary party at the captain's home.

There is another area not quite so potentially serious. What about the
unruly, the apparent drug addict, or the unruly passenger? Now, we will not

spend time addressing that.

But, it does not happen that often. We have over 1,100 departures a day
and if we get one incident, we have had it. But one is almost too much. We
at American are definitely addressing that subject. Our director of flight serv-
ice is extremely concerned and we are going to do something to help the flight
attendant. We cannot say ''mo," drug addict, you cannot board our airplanes
because we do not know. But we certainly can do a little better job in train-
ing our flight attendant how to handle this so we do not have to call a doctor

or a cockpit crew member back to help us out.

I have just briefly mentioned, I will be anxious to talk to any of you.

about these subjects, crew procedures, coordination, flight attendant medical
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training which we are quite proud of, and our interest and concerns to improve

the welfare of our flight attendant in the cabin environment.

I am anxious to hear your inputs on this and I very much look forward to

learning from all of you in our workshops tomorrow. Thank you.

DR. DIEHL: Thank you very much, Kay. Because of the lateness of the

hour, I think we are going to have to forego the questions.
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SESSION 3
(July 9, 1981)
DR. DILLE: Our major activity this morning is going to be to hear
Summary reports from the workshop leaders from all day yesterday. Before we
start that, however, we do have some wnfinished business from Tuesday's program
and we have an invited speaker from Tuesday afternoon, Captain J.E. Carroll,
Vice President, Flight Standards and Training from United Airlines to give us

a presentation this morning.

CAPTAIN CARROLL: Good morning, everyone. I recognize that this ig a

little out of order and is not what was originally planned to be given; and
while the FAA may be an arm of the U.s. Government, my wedding anniversary was

Tuesday and my wife carries a little more weight than the Government,

you have been discussing.

I recognize again that being out of Seéquence that you are about ready to
Put the thing to bed fronm the standpoint of workshop reports; but perhaps this

will add a little bit more to your thinking.

And while it may not change the final report, I think it will at least
augment some of the things you've been discussing. Human factors is a very

important subject and in Particular, I'd like specifically to talk about the

Now, attention to human factors has been Primarily addressed in the area
of design of equipment, its location in the cockpit, and to items of comfort
and ease of use such as, the Seats, manuals and associated reference materials;
whereas, the need for training in human factors ag 1t relates to the in-
teraction of the cockpit crew members has for one or more reasons either

been touched on lightly or totally neglected.

Cases have approached it on an one-time basis and even then have scheduled

just their Ccaptains for the training,



This recognition for the need of training in what United Airlines has
termed cockpit resource management is supported by many accident reports and
incident investigations. During the past ten years, over 60 percent of the
air carrier accidents have had as one causal factor some aspect of poor cockpit

resource management.

If we were to add to this the accidents that have occurred in corporate
and general aviation, we would find that more than 80 percent of all accidents

have had a similar ingredient.

As a result of this mounting evidence, the NTSB has on an increasing
basis made recommendations for training in this area. As a personal example
of United Airlines, December 1978, a recommendation was made that some form of
assertiveness training be undertaken to ensure vital information being com-

municated in a more positive manner.

The FAA, too, in recognition of this mounting awareness has been meeting
its responsibilities in part by holding a series of workshops such as this to

try and assess the approach to be taken to address this growing problem.

Other forms have also been used to pursue this issue. In 1975, ICAO Tech-
nical Conference that was held in Istanbul had as its overriding theme the
problems being evidenced in the area of human factors. In June of '79, NASA
held a symposium in San Francisco, the subject of which was human factors as
it relates to resource management training. In April of this year, there was

a seminar at Ohio State on the same subject.

In December, the ICAO Technical Conference will again touch several agenda
items addressing the concern with human factors as it relates to resource
management. The problem confronting us all might be summarized in the follow-
ing manner: Why does a person who was 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, and

this, despite being aware that the penalty of human error can be catastrophic.

United Airlines' attention was drawn to the magnitude of the situation
rather dramatically in December of 1978. Our accident at Portland in which
the fuel supply was exhausted was a graphic illustration of what can occur if

the cockpit resources are not properly managed.
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It also caused us to focus on the fact that our last three major accidents
could be directly attributable to poor resource management in the cockpit. In
each of these accidents, the aircraft could have continued to fly successfully

if actions by the crew had been more properly directed.

In 1972, our 737 crash at Midway was contributed to, in large measure,
by a lack of awareness in the cockpit when after an expedited descent, the

speed brakes were left in the extended position.

In December, 1977, our accident at Salt Lake was again a result of a
series of events which could result and be termed poor cockpit resource man-
agement. As a result of this recognition, United made a decision in February
of 1979 to use its training resources to establish a program that would pro-
clude as much as possible any accident that could be attributed to poor

Management resources available to the cockpit.

We subsequently researched, at length, programs of this kind that could
be implemented by foreign and domestic carriers. We found as we stated
earlier that the programs while varying in length and content were all essen-

tially one-time events and directed almost solely to their captains.

As an example, one of the best courses available on the subject has been
Created by KIM. It ig basically designed to take to the field and it is
composed of 15 AV packages which run approximately 30 minutes each for a total

of seven or eight hours.

It is, however, passive, not participative and it ig planned to be given
just once. There is a second part of their program which lasts five days and

is participative, but this is only given to their captains.

After reviewing these many programs, the ultimate conclusion was that
human behavior cannot hope to be changed on a long-term basis by exhortation

alone, nor by any brief €xXposure to education on the subject.

As a result, though still not sure of the program to be followed, we made
an initial decision that any training that would evolve must ultimately be
addressed to all cockpit crew members and must also be done on a recurrent

basis.



determine how it might be specifically addressed.

Our indecision was based on questions such as: Can you train people for
command; Is leadership an inherent trait; If you emphasize command or leader-
ship to all crew members, would it tend to suggest committee action in the
cockpit, since all crew members would then lean more towards the exercise of

command or leadership.

The more we reviewed the problem, the more we recognized that the
emphasis had to be primarily on cockpit resource management. Our recognition
stemmed from the fact that as our equipment has advanced, as technology has
improved, as responsibility has increased for both the size of the equipment
and the size of the cabin crew, our captains had to become more and more a

manager than ever before.

The analogy, especially if you were to use all wide-body equipment,
would be that the captain of an ocean liner was responsible for overall
management of the ship. We reason too that not only must management skills be
improved, but also the ability of each crew member to work in harmony with

others has to be addressed.

The endless combinations of personality and management style that are
possible in our cockpits pointed up the need for each individual to be aware
of not only the impact they can have on others, but also how with this recog-
nition, they could then be more effectively interfacing with all those with

whom they come in contact.

Our goal was to have a more efficient, proficient and safe operation and
we ultimately verbalized this goal as striving for synergism in cockpit
resource management. We sought outside assistance to help us establish a

proper program.

One of the consultants we engaged was Scientific Methods, Incorporated,
of Austin, Texas. They are the originators of management grid training and we
decided that the grid language should be the cornmerstone for the training we

were about to embark upon.

We had investigated other approaches, but recognized that the frame of

reference provided by management would serve our purposes best.
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In addition, we also engaged a second consultant, Dr. Lee Bowman,
Professor of the School of Education at Harvard University. The jintent was to
have Dr. Bowman oversee the entire program to ensure that our educational

approach was proper,

Our developmental work began in earnest in July of 1979 and we have now
finished the first two phases of what is to be a multi-faceted program. The
initial phase implemented the lst of March of this year and now completed is a
self-study program consisting of seven booklets which were mailed to all our

cockpit crew members at two-week intervals.,

In recognition that we have over 5000 cockpit crew members at United, we
felt that the initial step had to be a self-study course so to provide the back-
ground for the need of the program, to establish the frame of reference for
language previously referred to and to provide a foundation for subsequent

training.

For the second phase, we have developed formal seminar training to provide
the opportunity for firsthand application of the principles of a self-study
program. The seminar program will be in full swing this Sunday, the 12th of
July; and we will initially have all of our management, instructors, and line

captains attend.

The seminar will provide a role-playing opportunity to confront the dilemma
situations which are true to the experiences that occur on the line. These
dilemmas assume the presence of the proper professional skills, but require
the exercise of effective interpersonal relationship skills if they are to be

properly addressed.

Feedback on each individual's effectiveness will be provided by their
fellow participants in the seminar. It was incidentally a considered decision
to initially send only the managers, instructors, and line captains to the
seminar for two reasons: First, it will take a year just to process this group
through formal seminar experience and to schedule the first and second officers
simultaneously would have stretched the program over a three-year period before
all of our captains had had this training; secondly, it was felt that with a
new experience of this type and the potential sensitivity of the training, it

would be best to first have the captains interface with each other.
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This, we believe, will eliminate the concern for the impact of any feed-
back we might receive about the management styles we have on subsequent line

operation,

If the feedback was to be given by first or second officers with whom
they might subsequently be scheduled, we could have the potential of creating

a less than desirable cockpit atmosphere.

The third phase of our training plan to begin in October will be to
incorporate into our loft scenarios the principles to assume in the self-study
and seminar phases. It is here that we believe the first real payoff will have

begun to be realized.

Although, first and second officers will have had, at that time, only the
self-study course, it should provide sufficient background to enable them to

participate effectively in this loft training.

Part of our plan is to take video or audio tape, the loft experience, and
then in a debriefing session, take the opportunity to review how the scenario
was flown. Specifically, the instructor will spin the tape to the particular
portion of the flight to be reviewed, play it for the crew, and say I want you
to discuss among yourselves why it went so well, or the alternative, where it

might have been improved.

The crew will then in their discussion provide feedback to each other on
the positive and negative aspects of the flight. At the end of their discussion,
the tape will be erased by the crew so they will not have any concern for the

tape possibly being used in any way in the future.

Subsequent phases still being developed will provide a formal seminar
experience for first and second officers on the upgrade to the next higher seat.
This formal training at that time should enable them to recognize how they, in
their new position, will find themselves with new contributions to make or new

resources to manage.,

The training will also be provided in a seminar atmosphere for any new
hired crew members as they join the airlines, but with the same intent that will
be present for the upgrade training for the first and second officers., In recog-
nition of our flight attendants as an integral part of our crew, it is our plan
to give a form of this training program to both the incumbent group and to

provide it as part of the training given to new hires.
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As you can see, this is an ambitious, long-range program; but it i1s well
underway and to date finding great acceptance on the part of our cockpit crew
members; and recognition of a need to have this acceptance we had from the
beginning has helped to give representation of each of the working groups and

as part of the steering committee responsible for the overall program.

They also have proceeded very cautiously. As an example, we first tested
the self-study course with a cross section of 175 crew members before final-

izing it and having it distributed to the entire group.

We have also run three tests of the seminar with a representative sample
of management and line captains prior to formally implementing this phase and
we will continue to test each subsequent phase of the program as it is developed

prior to its implementation.

We also recognize that when dealing with people and the types of training
that this overall program encompasses, it should never be considered a final
product. It must remain dynamic and therefore open to change at any time. Our
tests caused us to revise the first two phases several times, but the changes

became smaller as we gained experilence.

Change, however, must and will be a continuing part of the overall program.
We have found as knowledge of our efforts has spread that there has been a

growing interest in pursuing this form of training.

Most recently, the Canadian Department of Transport and two Canadian
airlines have expressed a desire to investigate further. There may be ultimate
commercial opportunities in providing this training; however, the goal was and
is to address an obvious need in the area of human factors training on United;
specifically, to enhance the interaction and smooth functions of our cockpit

crews.

The key word is synergism and if we are to be successful, it will become an

expected and recognizable ingredient in all of our cockpits.
Thank you.

DR. DILLE: Okay. We will get on now with the summary and because of
scheduling, we are going with Dr. Rose first and the workshop B on biomedical

and behavioral factors in the performance of air traffic control specialists.
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There is no established order after that. So if any of the other workshop
leaders need to leave, let us say, before 11, come up and tap me on the shoulder

and we will adjust the schedule accordingly.

But we will start with Dr. Robert Rose, University of Texas Medical School

at Galveston to hear about the air traffic control workshop.

DR. ROSE: Thank you, Dr. Dille. It was a privilege to chair the workshop
yesterday on the biomedical and behavioral factors in air traffic controller
performance. Our group was small, but I thought it worked very efficiently

and effectively together.

The discussion was quite focused and I think a good deal of consensus was
achieved during the course of the day. The main topics that we addressed were

primarily in the domain of behavioral factors.

We did not spend much time, nor was the composition of our group
particularly oriented towards biomedical factors so most of what you're going
to hear will be on the behavioral aspects and perhaps some other time, it might

be considered a group topic more specifically on biomedical issues.

There were three general areas that we discussed. The first one, which
comprised the largest amount of our time in deliberations, was air traffic
controller skills analysis. This grew out of a discussion that readdressed the
question about what the future was of air traffic controllers. There was a
perception among a number of the members of the group, myself included, that
the projection for the next 15 to 20 years down the pike was for complete auto-
mation of the enroute air traffic control system. But we heard from a number
of participants that this was really not so, and that the decision-making
responsibility of controllers would still be existent and be needed, required

and recruited for. And so I will go into some of the discussion of this.

The second topic was the topic of the work and the social environment,
the issues of job satisfaction or dissatisfaction, the problems of perception
or misperception of the different groups involving controllers, managers, etc.

And I will talk some about that.

The third area on which we spent somewhat less time was the question of

system errors and future investigations of those with human factor concernms.
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A fourth area, which really was outside the rather strict purview of our
group, but nevertheless came Up a number of items and I think it jig worth

mentioning, is the whole issue of information transfer,

of work, Systematic work, the collection of data and information deriving fronp
those data, that had been done by other individuals, either within the FAA

Structure itself or affiliate groups. There was some distress and concern

various studies that had been conducted, the nature of data bases that had been

assembled, and although they heard about them, were unaware of their specifics,

to facilitate information transfer among various groups which are working with
various aspectsg of human factors, 1t is, I think, important to try to get
people not only to talk together, but to try to become more Systematically
aware of work that has been done in the last several years which is relevant
to the concerns in system errors, for éxample, of stress, illness, or work on

skills analysis, etc,

which is that we are at times re-inventing the wheel or, if not re—inventing

the wheel, not learning that other groups have done some relevant work,

There was considerable consensus among the individuals in the workshop

about a need to develop a much More comprehensive ang clearer understanding of

Individuals pointed out that there is indeed some consensus in terms of over-
the-shoulder monitoring. When one watches an air traffic controller and he
accepts the hand off and works the Plane and hands it off again, one canp
develop a flow chart of what the actual objective description of the events

are in that pProcess,

However, the ways in which the Perception of the controller, the

cognitive functioning, the decision—making that he employs to accomplish these



tasks has not been, as of yet, specified in objective terms.

And as I just said, this is despite the fact and we were aware of the fact,
that individuals who are experienced can look over the shoulder of the individ-
uals who are doing the controlling tasks and come to some degree of consensus.
There is interrater reliability, in other words, about the nature of conduct

of that task.

However, the specification of it is not very well done. There are
indeed some strategies or paradigms, which are available that have been developed
from cognitive psychology and they can utilized in trying to dissect out,
in terms of what was referred to as micro-analysis of the tasks, what controllers

actually are doing in objective terms.

Dr. Tucker, from Catholic University, gave an example of that and other

examples that can be used in a simulation environment and computer interface.

The need was generally agreed upon by all participants, and the strategies

involved in establishing that and the advantages realized are considerable.

The emphasis was repeatedly made about the need for an objective measure
of performance, not just subjective interrater reliability, and a number of

advantages were agreed upon by the group.

Number one, it was pointed out that a shorter training time would be
accomplished. Number two was the goal of a better specification of the specific
itinds of cognitive and perceptual skills that would be needed for recruitment
and hiring.

Number three, an improved opportunity for rewarding excellence of con-
trollers. This is a problem that is a two-edged sword as has been pointed out;
whether or not we want to reward excellence in terms of actual controlling
abilities or not, I would argue for it, but there was some discussion about the

politics of that particular issue and I think that deserves some more discussion.

The fourth was improved planning for interface of automation strategies

in human performance. I will talk about that just a bit more in just a second.

And the fifth is an area which appeared kind of on the surface. We did
not get into that in great depth, but nevertheless there was some discussion
earlier in the meeting about the question of specification of the particular

associated attitudes or psychological perceptions of controllers. Along this
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line, what do we want to look for in the future controller, ten years, 15,

20 years down the pike? Do we want to look for the individual who is a

better information manager, as one might phrase that, first, as a controller
who is controlling, who owns the air space. There was some discussion about
that, and indeed people felt that if there was a better specification of what
the actual skills were, what the tasks actually involved are, in an objective
way, one might be able to have a better idea of what kind of persorality might

be associated with the acquisition or the learning of those skills.

A number of strategies and ways of approaching this were also discussed.
The first tapped into an observatlon that we made in our study of air traffic
controllers in the 70's. We found, using peer rating methods for measuring
technical competence in which individuals were asked to rate individuals of
their teams or sister teams in terms of three areas, technical skills and
general competence and ideal team, that there was considerable consensus among
the controllers that could be observed in terms of identifying those individuals
who were indeed considered the stars or the ones that could really, quote,
"obtain the picture quicker" or who were most adept when things got hairy, to
work effectively and efficiently when separating a complex picture. Some
one-seventh to one-ninth of the controller work force were considered by their

peers to be excellent in this area, whether or not they liked them personally.

One might go ahead and identify that group by peer nomination and try to
study them as particularly skilled in the subjective sense and try to use them
as one population to study in terms of micro-analysis of objective tasks of

the controller,

One might do it under two different conditions. The first relates to the
analysis of what takes place in the information processing, cognitive decision-
making, the kind of learning algorithms or strategies individuals employ 1in more
routine kinds of tasks., Some 70 to 90 percent of the time, the controller is
separating two to three to four planes. Somewhere between five and 15 percent
of the time, it varies, the controller is separating aircraft in larger
numbers in terms of transitioning aircraft in approach control, for example,

and anywhere from seven to ten aircraft.

That is rare. Are there different tactics or strategies that are actually

employed by controllers in the two different situations? Are there different
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ways that they approach it? We think so.

There was a general consensus also about the issue of establishing a better
interface in communication and future work -- taking the information derived
from this micro-analysis and our understanding of how the controller conducts
his work, his tasks, and what strategies he employs with the different plans
and options that are being considered for increased automation., It was inter-
esting for me and for several other members of the group, who are not
particularly knowledgeable about these technical aspects, to learn that one way
of conceptualizing the technical developments for the future of the increased
use of computer technology, is that it really provides the controller a
potentially increased amount of information more readily for him to make

decisions.

And there has been some ardent discussion about this in terms of what is
the model for the 20 years down the road. But nevertheless, there was general
consensus that, for clearly in the next two decades, the controller will be
taking this increased available information and using it to make certain kinds

of decisions.

One of the proposed strategies was to take controllers, assuming we can
develop this better understanding of the objective workload, and place the
individuals in three or four different models utilizing "automation" and
increase air traffic work and see which ones mesh better. One could use a

simulation environment to do this.,

But I think the message between the lines of the group discussion was the
issue of increased communication between those concerned with how individuals
do their tasks, both looking at objective and subjective phenomena, and trying
to work closely with the individuals designing the kinds of information and
computer transfer of information to the individual. There was some concern
that this was not working, that the groups had not worked in as close collabora-
tion as they might, and there was some suggestion\that there really should be a

planned strategy for the future.

The other area that fell out from this, in terms of strategies, related to
the issue of the need to look at the controller and the information provided
by the computer, the planning and decision opportunities provided by the computer

and to look at, at the same time, the questions of the controller/pilot
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of more objective kinds of environmental issues, Number one was the assessment
of whether or not the particular configuration of the work environment, in

terms of the large rooms and long corridors, really provided an atmosphere

trollers, but now many provide an atmosphere which may be distracting because

of the large amount of background noise, and some work on this might be done.

Secondly, and along the same lines, some ongoing investigations should be
reinforced, in terms of looking at whether the controller work groups should
be one person, or should be two or three. Other discussions came out, and
more technical ones, about the use of colored video displays and the voice
actuated data input into the computer because of communications back and forth
between controller and pilot, should these data about the speed or altitude of

the aircraft pe entered by voice input to the computer,

In general, the group was in considerable agreement about the importance,
for a number of reasons that I have tried to outline, of what the actual
tasks are in objective terms. This would have spin-offs in terms of hiring,

training, and a better understanding of the future man-machine interface,

saying what is the need and what kind of skills does the controller have to

have in the future. But it became very apparent during the course of the
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many individuals who have participated in discussions with controllers, an

awareness that there is a presence of significant conflicts.

They are often, but not universally, significant distortions in their
perception of management, management's goals, decisions and missions by air
traffic controllers, and at the same time, significant distortions of the motiva-
tion, interests, and attitudes of controllers by supervisory and management

personnel,

There are series of events and situations with labor management, union
management negotiations issues in which there is a kind of formalization of
these distortions and, unfortunately, the perpetuation of these has significant
effects in terms of the issue of job dissatisfaction., It kind of fans the

flame unfortunately,

There was some discussion early on about the need for improved training
and education in terms of management skills, and I was interested in Captain

Carroll's presentation.

It was excellent in terms of the management grid which, for those of you
who do not know about it, is conceptualized as two axes. One axis is the con-
cern for mission, for getting the job done, and the other axis has to do with
the concern for individuals or people. And there are 9,1 administrators who
look all at mission and none about people, and 1,9 individuals (and I may
have the axes mixed up), who are all for people and not for mission. Their
purpose is to try to move people toward a 9,9 configuration taking into
account both the job that has to be done and the individual's feelings and

morale at the same time.

In any event, I was reminded of that as a possible strategy for the
training of future supervisors because it was commented that indeed most of
the supervisory personnel, if not all, come from the air traffic controller
work force. The skills inherent to doing controlling work and the kinds of
recruiting strategies and what we look for in controllers have to be translated
into management skills and that is not an easy jump. Just like it is not easy
for pilots or any other group, and we often are confronted with the dilemma of
being promoted to a level of incompetence, which we are all aware of. The
problem was an increased need for education about management skills and

personnel skills for many supervisors.
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did one make the Correct decision in 1ssuing instructions to the aircraft

and facilitate Separation, versus the concept of evaluative feedback, Evalua-

it comes from person to pPerson, not just in terms of the fact that you did not

have a crash, or mix a pair together,

the level of activity of work that the controllers engaged in, training, after
early 40's drops rather considerably compared to their younger colleagues

ten years their Jjunior,

enhance participation of controllers in problem solving, perhaps through peer
nominations vig the controller work force which could or could not be within

the PATCO Structure,
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There is a perception among individuals that they do not have that.
Indeed, when there has been an attempt, sometimes from management, to proceed
that way, it has been blocked by the union, and there are a number of charges
and countercharges that have moved back and forth; but nevertheless, there
needs to be an increased focusing on the goal to try to develop systematic
participation of controllers, both on a simple level and also for long-term

planning of future systems.

There also was mention about the need for increased research and investi-
gation on the potential beneficial effects of reducing perceived job dis-
satisfaction on health and performance, and there is considerable literature
in the management field about the fact that job dissatisfaction is associated
with a variety of problems in performance, and it has a future risk for a

negative health outcome.

The final area, which we did not spend a great deal of time on, came up
towards the end of our day and was the discussion of system errors, in which a
number of points emerged. We did not develop as comprehensive a number of
suggestions about future research strategies; but nevertheless, a number of

things came up which individuals had some consensus about.

The first related to the need to assess quite carefully the quality and
the representativeness of the data base of system errors. It is well known
and established that there is a significant underreporting bias; it may vary
from facility to facility. The issue of the underreporting bias is affected,
of course, by policies of immunity and/or anonymity and whether or not con-
clusions that have been previously derived from an analysis of this data base
are valid. It was pointed out that there is a need for this kind of work on
system errors not to be a one-time shot, but to be an ongoing issue across

facilities, across time.

The need to assess potential detrimental effects of shift rotation on
errors was pointed out. It is well established now in the psychophysiological
literature, well documented as a matter of fact, mostly in Scandinavian work,

that shift effects have a negative effect on health.

The body does not readjust rhytlmically in a short period of time and
this has been studied in literature and reported recently in jet lag going

from Europe to the United States and back again in a number of systems like
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cortisol and melatonin, and there is work in the Scandinavian group on
epinephrine excretion and so on, indicating that if you shift even as infre-
quently as once a month, there ig considerable disruption of basic biological
rhythms. There are some studies, though not as many, on decrements in per-

formance.

Now, individuals often elect to engage in shift work because of the
freeing up of weekends, long periods of time, etc. However, there is enough

significant literature to raise questions about this and one should proceed to

of factors operating in errors when they occur at times of low traffic and when
there is little going on, there are one or two planes on the scope, which may

be related to inattention, boredom and distractability as compared to the

kinds of errors that may occur when the system is really busy and the controller
is working a large number of planes. The second €rror type may relate to more
task_complexity and it is not clear yet whether or not -- what proportion of

the time that €rrors occur.

Indeed, if 1lower levels of activity predominate in terms of percentage
of work-time, say 2/3 or 3/4 of the time, and if during that period half the
€ITYOrs occur, it means that heavy workloads occupy the relatively small per-
centage, 1/2 to 1/3 of the time remaining, yet contain half of the errors,
That is significant. 1Ip other words, one has to look at these —- it may be very
different kinds of problems inherent in System errors in thesge two different

Situations,

It was also Pointed out that the FAA should address perhaps more system-
atically not only what went wrong, the system error, but why it went wrong,
That suggests the Possibility of more intensive interviewing of participants,
supervisors, their perceptions, a kind of a psychological autopsy of the
Problem after it occurs as well as the more objective kinds of analysis that

is currently done,

And 1 think, finally, the issue was raised about the need to integrate

and investigate to what extent job dissatisfaction contributes to system errors.

That is it and thank you very much,
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DR. DILLE: I took some furious notes on one point that Dr. Rose made.
As you recall on Tuesday afternoon, Drs. Tucker and Sells referred quite
liberally to CAMI's studies on air traffic control specialists. The 4th Work-
shop in this series was held at the FAA Technical Center in Atlantic City about
two months ago and it was on the topic of air traffic control. There were,
of course, no formal presentations at the workshop by anyone from CAMI. And
several participants have reported back to me that they did not find many
attendees at the Technical Center who had ever heard of CAMI, let alone of any
CAMI studies. It would seem that a major function of our workshops would be to
improve communication on the topics selected for emphasis, but I am not sure in
the biomedical-behavioral area that we have been doing that effectively, because
again, our work was not much in evidence at the previous workshop and the
relatively small group in the air traffic controller session here has not sig-
nificantly expanded our range of communication. So, we may not have completely
fulfilled our objective in that particular area. Another workshop yesterday
was a relatively small, but enthusiastic group on aircraft accident investiga-
tion, and at this point, I will ask Dr. Bob Wick, who is the corporate medical
director from American Airlines and the workshop leader on aircraft accident

investigation to give his summary report.

DR. WICK: Ladies and gentlemen, as Dr. Dille mentioned, we had a very
small, but enthusiastic group. We alternately went from the verge of fisti-

cuffs to cheering and celebrations about the great truths that we had uncovered.

Actually, we did discuss some 15 different items and in quite some length
with a varied group consisting of physicians, forensic dentists, airport
managers, airport engineers, and people with a wide variety of background which

contributed to the wealth of material presented for all of us.

The first and the fundamental question that we really asked ourselves was
is it necessary to investigate all accidents. And, of course, this generated

quite a bit of discussion for several reasons.

We concluded among other things that the difference between a fatal
accident and a minor accident and sometimes an incident in which no accident
occurs really is minuscule and sometimes a matter of chance, so that the investi-
gation of accidents and other incidents is useful, but it is not necessarily

essential in terms of all encompassing efforts.

157



There are, again, finite limits to the amount of time and power and money
available for investigating such accidents. As an experienced accident inves-
tigator pointed out, that time after time after time we can classify the causa-
tive accidents into about two or three or four really major areas, many of them
beginning with the initiation of poor judgment on the part of a pilot in-
volved. The areas of strictly medical accidents and structural failure acci-

dents are way, way down the list.

In fact, they're so small as to be not a particularly fertile area in
which to work for investigation at the present time. The area of judgment,
however, on the part of the pilots and crew members involved is, of course,

another story.

We concluded, I think, that the investigation of all accidents while
desirable is certainly not a practical end at the present time and that a
thorough investigation of a representative sample of accidents is likely to
provide us with much more useful detail and much more useful information on

which to base further work in this area.

As you know from the outline, there were a number of areas suggested to
us for discussion. We did briefly touch on most of them, but I must say that

in many cases, we elected to defer those discussions which were more properly

the responsibilities of some of the other groups.

One such area that we mentioned very briefly was the problem of instru-
ment reading error. While it is true that it plays a large part in some acci-
dents, it is also an area in which work can be done prior to the crash just as

well as after the crash.

There is nothing unique to the postaccident investigation, for example,
of errors in instrument reading. We did comment, however, that visual problems
and visual limitations were rather significant and a number of us in that group
who are active aviators shared one experience in that the problem in moving
from aircraft to aircraft or flying new aircraft is often one of visual

skills.

Those of us who are middle-aged -- I'm not middle-aged yet, but that I
have to define as ten years older than I am, but unfortunately, of course,
that moves up every year. Those of us who do have bifocals and trifocals and

quadrifocals and so forth all had the common experience of having the difficulty,
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not necessarily with the flying per se and psychomotor skills involved, but

actually in just locating and reading instruments, switches and so on and so
forth. However, this is work, which can be done as well prior to a crash, 1in
fact, had better be done prior to the crash. The postcrash investigation in

this area is not a particularly fruitful area.

We spent a great deal of time discussing some of the crash injuries which
occurred and in particular, we discussed a number of areas related to seats
and seating. The problem of seat failures, after a crash, is ome which has

attracted a great deal of attention.

In some cases, of course, if the structure itself remains intact, the
probability is that the seats will too, in terms of a large aircraft or air-
liner crash. In terms of general aviation crash, the situation umhappily is

quite a bit different and not so satisfactory.

There are a large number of injuries which probably could be prevented
by a more adequate and a better design of seat structure and crushable features
to the seat. The problem of G loading was discussed at some length, not only
in the fore and aft crash, which is the expected direction of crash, but in

the lateral area as well.

One area of particular concern which consumed quite a bit of our discus-
sion time was the problem of the vertical component of the crash injury. Dr.
Jerry Snyder, who was a member of our group and many of you know is one of
the world's foremost experts on crash injury and the acceleration injury was
able to contribute, of course, immeasurably to the area in this particular
injury.

Vertical components were discussed and while T will not discuss particular
brand names within our group, we did discuss at some length certain models and

types of airplanes in which the rear seats are notorious for causing injuries.

A related subject had to do with the upper torso restraint and the whole
subject of shoulder harnesses. And in that area, we found some rather inter-
esting problems. One of the problems, of course, is in the air carrier air-

craft.

The flight deck and the flight cabin crews all have shoulder harnesses and

for the most part, they are used. We were unable to identify any accident or
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or injury which occurred because of the use of these shoulder harnesses and

shoulder and upper torso restraints.

general aviation aircraft by the use of shoulder harnesses, but the general
consensus was that for every one or two of those injuries, there were a hundred

Or two hundred or a very large number at least of injuries prevented.

There is no such thing as a perfect upper torso restraint yet, but cer-
tainly those that are available are helpful. They do save lives. They should
be used and the occasional injury which they do produce is certainly no reason

at all not to use them.

the conclusion was that again it is not a particularly practical thing to do

at this time and, in fact, a lot of the information available to us from the

padding., The environment in which an airline passenger sits, while the actual

seat belt itself when used still seems to be adequate,

the practical limits.

As a subdiscussion, we considered for a few moments the question of 5
pregnant passenger using a seat belt and the largest body of information avail-

able to us is probably again through insurance channels and our insurance
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colleagues, and there were several in that group that were unaware of any suits
arising out of the use of a seat belt in the case of a pregnant passenger.
That one subject which is often brought up about possible injury to the fetus,

as a practical matter, does not seem to be a problem.

We then turned to an area somewhat more medical in nature, the area of
alcohol and drugs and we had a rather lengthy discussion. Some of us within
that group have had some academic background and some academic experiences
and we were able to conclude, or it was presented to us as reasonable infor-
mation by Dr. Bill Kirkham who is, of course as you know, the Chief of Toxi-
cology branch here, that alcohol at the present time appears to be a factor in
about eight to eight and one half percent of the general aviation accidents, a

rather significant factor,

This, of course, is a controversial area. It is an area in which there
have been large numbers of papers published, quoting anywhere from 1 percent

to 41 percent and everything in between.

But Bill Kirkham's data and information seem to be about the best avail-
able at the present time, that alcohol plays a significant role in about 8.5

percent or so of the general aviation accidents.

On the other side, the question of drugs arose and again, Bill was able
to contribute substantially in this area, indicating that with the exception
of marijuana -- that may be an important exception -- but with the exception
of marijuana, that drugs, other drugs of all types, drugs and medicines,
appear to be a significant factor in only about 4 percent of some 700 fatal

general aviation accidents which occur a year.

Gerrit Walhout with NTSB indicated to us -- I find it gratifying -- that
about 80 percent now of all general aviation accidents do have a postmortem

examination done at the time.

The quality varies a little bit, but frankly, ladies and gentlemen, any-

thing is better than nothing and that is what we used to get was nothing.

We were able to conclude that alcohol is a significant problem. It is
not necessarily a large problem. The large problems are again, as we were able
to point out and discuss among ourselves, still the problems of disorientation,
weather penetration, in general, poor judgment on the part of the pilot in

command.
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The subject of marijuana was discussed at considerable length and I must
say there was a disagreement among us about the use of marijuana and the role

of marijuana and the incidence of marijuana use by active pilots.

Now, this is a drug which is used, of course, primarily by younger,
relatively younger, people. [t is also a drug which isg technically very, very

difficult to find in the case of a postcrash analysis,

The techniques involved are difficult, They require alcohol swab of the
mucus membranes, They do not lend themselves even to the good toxicology work

which is done here at the Civil Aeromedical Institute,

Only a half a dozen or so laboratories around the United States are aple
to make repeated routine accurate analyses for the use of marijuana so that
we still have g rather significant question mark, and this ig an area in which

we would recommend additional work,

aviation accidents among younger people,

There was another opinion from other universities, specifically
Michigan and Ohio State, that marijuana use by pilots seems to be fairly small,
The young Students that are seen at those universities at least appear to be
fairly level-headed folks, not too much of the hippy variety or hippy popula-

tion,

At any rate, we had a rather lengthy, and we thought, fruitful discussion

on the role of marijuana and drugs,

Then, we turned to the area of mass casualties and again, this is ap area
in which a number of us in the room have had, wfortunately and sadly enough,

Some experience. There were at least four or five of us in the room who were

A number in the room also had eéxperienced in the Tenerife disaster in
which two 747'g collided, and although none of us had been there, there were
some people who had quite a bit of knowledge about the Turkish crash, the DC10

crash, in which some 300 people were killed in Paris,
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There was some experience available to us from those in the room from the Mexico

City crash, from the PSA crash out in San Diego and so forth.

So actually, we had collectively quite a bit of personal experience in
the mass casualty area and we discussed at considerable length the tremendous
problems which occur when there is a sudden and immediate accident of this

nature.

Almost no one, no one, not even the largest number of metropolitan areas
in the country, New York, Los Angeles and Chicago and so forth, are really,
really prepared for the instant disaster and the instant problems which occur

after a major crash.

One of the things that came up, for example, was the subject of body bags.
Where does one suddenly on short notice get 300 to 400 body bags? And the con-
clusion was that we are going to have to call upon the good auspices of the

nearest air base or army or military facility which may have them,

The other logistical problems were the location and the finding of human
remains. Just no one has 400 to 500 and 1000 stakes just sitting around and
flags and waterproof tags, the little things that make a difference between
no identification and satisfactory identification, the many, many problems we

discussed at considerable length.

The next area that came from that, of course, had to do with the identifi-
cation of the individuals in the accident. There are a number of aspects. We
were fortunate that one of our members happens to be the long-time medical
examiner of Cleveland, Cuyahoga County area and also is the Secretary-Treasurer
of the International Association of Coroners & Medical Examiners. And the
difficulties in identification are many-fold. To begin with, each local
jurisdiction, more than 3000 counties in the United States, has its own

medical head coroner or medical examiner.

There is a coroner in some of the smaller counties, even in large counties
like Pennsylvania, but there is not necessarily a physician or pathologist or

osteopathic physician.
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It may be a funeral director and it may just be a justice of the peace. His
background and legal training may be quite small and most, without exception,
are unprepared for the tremendous impact of such a large event in their

particular county.

Prior to releasing bodies and prior to burying bodies, they éll have to be
identified if possible. The Pressures are unimaginable and unfortunately -1
speak from personal experience -~ the Press, the families —- everybody and

his brother ig there and some people are very helpful, some people are not.

It is necessary to identify individuals before a body can be released or before

a body can be shipped,

The family wants the remains of their loved ones. In many cases, the
identification cannot be made, then other legal maneuvering and manipulationsg
have to be made 1in order to issue death certificates, A1} kinds of things,
insurance payments, death benefits, and so forth may be held up for literally

years without the bPresence of a death certificate,

who had a nice slide presentation on the general subject of forensic dentistry

identification, the techniques he used, and so on,

I might comment for the benefit of all of you that in the Chicago crash,
we were able to identify about 175 of the 273 folks involved, solely through
the use of dental records. That was the only thing we could use. The FBI
with their fingerprint team, which is Very competent and very efficient, put
in that particular accident, was only able to make 15 or so identifications
out of the whole group.

As for the personal effects, Dr, Clyde Snow from this area came down and

assisted us with the anthropology, and the remaining identificationsg which

were made were made in that area,



dental records were extremely effective.

One of the problems which comes up, of course, is gathering these dental
records and that is an area in which an airline is usually pretty good because
it has good communication facilities and we discussed, at some length, some
of the problems in identifying, locating, and obtaining the folks with

dental records.

The legal responsibilities were discussed in such a case at quite some
length. The primary responsibility is by Federal status vested in the National

Transportation Safety Board. They are in charge.

However, most local county medical authorities are not aware of this, so
there is a potential problem right from the very beginning. Unfortunately,
the NTSB does not have internally any significant medical capabilities so that
while they have a very fine investigation capability, their area and their

work in the medical area are quite limited.

Consequently, they normally delegate to the county medical examiner the
responsibility for accident investigation. And it was pointed out by one of
our group who has been to a rather large number of these major mass casualty
accidents, that almost without exception, every county medical examiner says I
can handle it, I can manage it and it takes 24 to 48 to 72 hours for the magnitude
of this task to sink in, at which time, most of them become far more amenable to
assistance and help and advice. But that first 24 to 48 hours is rather brutal.
Lastly, or next to the last, we discussed the role of the airport itself in

accident causation and accident investigatiom.

Almost without exception, all aircraft accidents start at airports or
almost all aircraft flights which result in an accident begin at airports.

Many of them end at airports as well.

We were unable to identify, however, really major areas of the airport
itself in which are causative with a few exceptions, the few exceptions being
some of the unusual approaches necessary at airports with peculiar geographic

situations.

The problems of one or two other airports that have unusual weather situa-

tions dictating abnormal procedure were discussed at some length,
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to our alcohol discussions in that we considered the role of bars, restaurants
and so forth at airports, and our general conclusion wag that although

alcohol was ga problem, there is no particular relationship between the bars

service. And that has been mentioned earlier this morning, ga very fine pre-
Sentation by one of the small airlines based out of O'Hare., T think it is
called United and You may correct me on that one. $So we did discuss that at
great length; that {isg an area of training and work within the training

facilities,

Last and by no means least, we discussed very briefly, although we finally

concluded it wasg probably not germane to our committee, we discussed the

the increasing number of ajrcraft in the military, the fact that more and more

commercial airlipe pilots and commercial pilots of all kinds will come strictly

That is viewed by some as a possible pProblem, although there is a
difference of Opinion. Others do not consider that a particular problem, Most

general aviation pilots have been self-selected, Once they are through the

general aviation area into commuter airlines, scheduled airlines and so forth,
they have further subsequent training which may fill any 8aps which occurred

in their education at that point,

That was our day. We thought it most valuable and most interesting.

Thank you very much,

DR. DILLE: We will 80 next with Dr., Stan Mohler, Professor of Aerospace

Medicine from Wright State University reporting on Workshop A which is on
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biomedical and behavioral factors in pilot operation.

DR. MOHLER: Thank you, Bob. This workshop which was similarly inter-
disciplinary in makeup identified 28 specific issues that, in the judgment of
the group, should receive attention in the near future as direct safety related

questions.

Our issues were in three categories, that of the flight management

category, that of physiological factors and that of the behavorial factors.

We did ascribe a priority to these topics from extremely important to
important, to somewhat important and I will run through them, primarily hitting

the extremely important topics and then commenting some on the others.

The first topic that we identified under flight management that should
receive additional attention is that of the increasing application of auto-
mation in the newer aircraft and even in the older aircraft that are being up-

graded and continue to be put in use.

The role of automation in regard to how the human interacts with the new
automated devices and how these devices interact with the human so that the

human is in command at all times.

This role, we feel, needs attention. The group also felt that the nature
of information presentations as currently being evolved; that is, the method
of displays of bits of information and the various flight management modes, how
this is given in the advanced display so that the crew can make optical use of

these, also needs attention.

The group also felt that the new cathode ray tube displays specifically
should be assessed from the standpoint of the human factors implications.
These displays can be increased in size, decreased in size, can be made to
present information bearing formats, and that particular point was felt to be

of extremely high priority for research.

Another aréa that the group concentrated on is that of operational
fatigue management. This question continues to arise., It continues to cause
discussions and interactions. There are accidents such as the Tenerife accident,
a Lear jet accident at Richmond, Virginia, and others where fatigue per se is

found to be a major contributing factor.
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the minimum visibility standards, from the crew members' standpoint concerning

the external environment, was felt to be a topic for specific emphasis.

visibility capabilities and, therefore, must continue to receive attention.

Another area is maintenance of skill by crew members in regard to their
specific proficiency requirements, How, through behavioral studies and other

techniques, this skiill can be properly assessed and maintained was stressed.

The group felt that flight path altitude control was a point that requires
attention at the preéesent time. There are various types of displays and various
means of determining your altitude at various points in the flight, but there

are not any standardized methods by which different crew members, carriers

layout, so that human characteristics and traits are involved in the new
cockpit designs and layouts, and from an overview system's approach, was looking

at the human characteristics in regard to the cockpit design.

Another concern of the group was that of the various types of aircraft
mixing in differing environments around the terminals, single-pilot operations
and multi-crew operations. They felt that a consideration should be given to
the actual work loadings of the crew members in these different types of

Settings.

pilots can be better implemented, so that information is transferred to the

pilots with proper achievement of skills.
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Those were the key areas that were listed under flight management. Under
our second category, the physiological category, it was felt that both the
peak and the minimum work loads required in each phase of flight needed attention.
Too little attention has been given to the minimum work load requirements and
somebody pointed out the paucity of papers given and published in this area
where pilots and crew members may under periods of low work load move into an
unaroused state and be inefficient at intervening. When an emergency occurs,
or not actually responding properly to the appropriate segment of flight re-

quirements are examples of this.

Disturbed sleep patterns were felt to be one of the primary fatigue
elements. The group feels that additional specific research on the amount of
sleep prior to flight and the quality of the sleep is indicated, as well as

how various types of flight disturb the sleep patterns.

In that conmection, biological rhythms were cited and although biological
rhythms play a role, the group feels that with some of the current large-scale
studies going on that that problem is receiving attention at the moment. So

that was given one of the middle-type priority levels.

An area that crew members have talked about and some others have talked
about but that has received inadequate attention, is that of the long flights

and the various flights where the crew is inactive in the cockpit.

They, perhaps, are experiencing dehydration and have not been sensitive to
replenishing fluids and nutrition in the cockpit on long flights — the quality
and nature of the nutrition and how it might relate to crew performance and

safety.

The areas that have received relatively little attention are the synergistic
inner actions —- what the crew might be taking in regard to pharamcological
agents, plus cockpit external toxic factors that could normally be present
that would not be a problem unless there was some internal chemical substance

that would interact.

Cockpit noise and vibration are thought to be a continuing problem that
should receive attention. We still have older crew members that come in with

noise—induced hearing loss.

169



And these problems, it was felt, are with us, particularly in general

aviation, and require further attention,

Under the behavioral area, the main topics discussed were developing
methods of measuring individual performance capabilities. This area, when
developed, would enable individuals, for example, to assess changes with normal
aging processes, changing due to other aspects, including fatigue for that
matter, and any questions of toxic substances, pharmacological agents, medical
condition, could be assessed when there was an adequate measure of functional

performance capabilities of the individual.

And followup to that, the group recommends that task performance criteria
be specified, so that for a specific task you have specified criteria against

which the decrements ip individual performance can be assessed,

Without the performance criteria, then one has no way of assessing the
significance of performance decrements, The group felt that human factors
approaches to the cockpit resource management and crew coordination are
absolutely essential in the next decade and that this area should receive

specific attention.

The group also felt that the area of judgment merited study from the
standpoint at first of pilot selection. Initially, you could assess somehow
the potential for exercising judgment by the individual at the time of selec-
tion and then, along the careers of individuals, have periodic ways of assegs—
ing judgment, judgment changes, and training individuals to perform better
quality judgments. Some of us felt that judgment training is a possibility

and that area requires attention.

An additional area for crew members is that of self-induced stresses.
Individuals turn up for the flight with certain stresses. Included in this
are cigarette smoking, alcohol abuse, drug abuse, chocolate ice cream abuse --
we even touched on food €Xcess, and various things which actually work to the

detriment of g healthy body.

We know that one or two of these alone may be tolerable, but multiple
self-induced stresses over a long period of time when combined with sleep loss
may be the tipping of the balance in the direction of an unsafe person. 1In
addition to that, we went into, with one of our psychologists, stress coping

Strategies for persons who can deal with and be trained to deal with, the
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notrmal stresses that occur both in flight and in off-duty circumstances,
personal crises, and personal problems that can be brought into the cockpit if

the individual does not know how to cope with these particular phenomena.

We then covered onme general area as our last topic which is outside of
these three because it is more general, and it was felt by the group that the
last five years or so of major accidents, perhaps even all accidents for that
matter, that are on record with massive amounts of data collected, could be
made available to a group of constituted human factors persons who would sift
through, take an objective look from another viewpoint at that data, and make
recommendations for things that could be done to prevent such accidents in

the future.

We do have a summary of each of these topics and they will be available

in the final report. Thank you.

DR, DILLE: Last but certainly not least you will hear from Rick Clark
from the Flight Safety Foundation who was our workshop leader on the cabin

safety workshop.

MR. CLARK : We are going to go through, here, the summary of the
disucssions that our group had yesterday in the area of cabin safety and human
factors. I would like to say that we did not formally adopt recommendations

or vote upon things.

This will be a sense of the discussion of pretty much as to what has
happened in the previous speeches. The group represented a good sampling
of the industry. We had aircraft manufacturers, some equipment manu-
facturers, operators of aircraft, both from the airline, corporate and
airline crew members. We had enough, we thought, of a workable group. It
would have been helpful to have had, perhaps, some other equipment manufacturers

in some of the various areas, but we feel we did have a workable group.

In the time available, we went through, perhaps, half a dozen topics. The
first couple of topics are in the area of human factors in the cabin operating
environment and the first of those is problems associated with high altitude

flight,

What we are looking at here and talking about were two areas —-- air

quality in the cabin and oxygen system capabilities or I should say, maximum
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pressurization system capabilities.

It was discussed that economic factors have apparently driven both the
corporate and the airline operators to higher flight altitudes, and it is
simply a matter of saving fuel which is a very significant and growing propor-

tion of their operating expense.

The economic driving forces have pushed us into an operating regime
where we are pushing the limits of the aircraft structure, and the limits of
the emergency oxygen system to cope with either a gradual or sudden decom-

pression.

Part of the group's. discussions centered on the fact that design
and test criteria emphasized relatively gradual pressure loss and not the

major decompressions that have occurred; they are not frequent, but have occurred.

Part of the discussion went toward the feeling that perhaps as a research
area, it is worth looking at the true capabilities, particularly in business
aircraft, of a flight crew to deal with a sudden decompression and get the
aircraft down to a survivable altitude. This, after all, is a premise for
many of the waivers that have been recently granted. We felt that we were in
an area of granting waivers where perhaps the technical data are not as firm

as it should be,

In the area of air quality (this was an interesting one), again we felt
there were no firm conclusions but perhaps some indications that some research
was needed. The problem as explained to us showed up in two areas: 1) crew
member complaints initially attributed to hypoxia but perhaps not with that
cause; and 2) passenger complaints. The passenger complaints, oddly enough, came
from consumer complaints to Transport Canada who was keeping track of this type
of thing a few years ago. The concern was, that with the goal of saving fuel,
we are minimizing the use of pressurization equipment in the aircraft, main-

taining an adequate pressure differential, but reducing the overall airflow.

One of the manufacturers pointed out that they are, in fact, in some of
the newer equipment, changing the air circulation system to try to improve the
interior air quality. They do this mostly as a comfort item and say that

comfort is the driving force in cabin air quality.

I guess the group's concern here was that perhpas comfort is not being

maintained through operating practice and not through design and that we
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need to look at that, not just as a comfort function, but as a function of

atmospheric contaminants.

I mentioned earlier that we felt hypoxia was not necessarily the effect

being observed, but that there were perhaps other contaminants.

Again, to the group's knowledge, there had not been much work done in this
area and perhaps, there should be in the near term since we are operating

aircraft in this manner now.

Going further, we went into the area of crew training and coordination
which has literally become fashionable and has gotten a lot of well-deserved

attention both here and in the industry throughout the country and the world.

The group's feeling was that there is a difference in functional efficacy
between the smaller aircraft, smaller transport aircraft or co porate aircraft,

and the large wide body aircraft.

You have a difference in size, that is significant. You do not have the
separation that you do in the wide body of large numbers of cabin crew. 1In a

small aircraft, you do not even have a large crew.

Our view was that the emphasis on cockpit management, which is so prominent
this morning, is at least in the case of wide bodies if not overall, really
one of aircraft management. That should be the emphasis as all of us go

running off down the path of developing or using cockpit management programs.

The group emphasized that it is normal for communications to break down
or, shall we say, be less than normal during emergencies, But that the
phenomenon should be minimized and can be minimized by cross education of the
cabin and cockpit crews as to what their mutual duties are, what each is going
to be doing, and to follow that up, maintaining communication during an
emergency to provide each other with information that one or the other lacks.

This should be, if not already, a strong element of crew training.

One other factor emphasized in terms of operational practice was the need
for the captain of the aircraft to brief the cabin crew on the flight. It
may not necessarily be a long, formal briefing, but some sense of briefing to

develop a crew awareness.

We went into one interesting area; the corporate flight attendant is a

group that's relatively small, but deserves empahsis here. They have on their
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own, the corporate flight attendant group, developed their programs,

They have some advantages over the airline flight attendant group. They
have smaller aircraft to deal with, smaller passenger loads, yet they have

difficulties in the area of Support. They cannot depend on a large organiza-

count upon,

They have to be self-sufficient, They have to be trained to be se]lf-
sufficient, particularly when they are going to foreign air fields, even
smaller domestic ajir fields, where they literally are the only services

provided both from the emergency and routine standpoint,

The group further noted that in the area of cabin safety, the FAA's
carrier inspectors have not been, until recently, strongly involved in cabin
safety. At pPresent, the FAA requires 25 percent of their inspection activity
to be oriented toward cabin operations; however, the goal has not been met,
as the group felt, due to a perceived lack of seriousness in the pProgram, and

to the normal flying orientation of the inspectors.

We went into another areas, human factorg and accident survival, The first
topic of discussion here was water survival technology and problems, and the

major emphasis for the group was the Problems of flotation cushions and the

In general, it was felt the cushion may not be worth consideration ag g
survival aid,. Instead, emphasis should be given to development of easily used
life vests, and T emphasize the words "easily used life-vests and flotation
platforms" that can be used in aircraft not currently equipped with conven-

tional water survival equipment,

water survival training and TS0 equipment Standards, the latter dating from
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World War II. Operators and manufacturers appear to find little relation

between the requirements and current needs.

In the case of one operator represented in the group, they must train
for planned ditching, if we can get into a little jargon here, please bear
with me, they must train for planned ditchings and they do train for

unplanned water accidents.

The latter training is not required. In effect, the operator is having
to do double duty: 1) to meet an outdated regulatory requirement and; 2) to

meet the actual need.

Recent experience seems to indicate the unplanned water accident is the
valid area for emphasis; however, this operator, as I said, remains saddled

with the requirement dating from some 40 years ago.

Within the industry, this whole topic has not really been looked at --—-
we have had other things to look at. However, it is one of current discussion

within the industry and one that we felt worth going through.

From the standpoint of corporate aircraft, the point was made that water
survival equipment is often added to the corporate aircraft as an afterthought
without regard for its location, its accessibility or its efficacy. Partially,
this is due to the fact there is no guidance on what you should do with the

equipment.

You have limitations to what the equipment is, but then you also have
limitations on what you do when you put it in the cabin. Are there better
places to put it? Are there worse places to put it? And this is something

that could be approached by the industry.

In the area of accident injury prevention, there was a great deal of
discussion on human injury tolerance and the equipment capabilities, with a
distinction between the two. Very clearly, the group wanted to talk about the
difference between establishing the damage tolerance to the aircraft crew and
passenger seats versus the need to define the capability of the crew members

and passengers themselves to withstand the accident deceleration forces.

Strong emphasis was put on the need for biomedical research into the

tolerances of passengers, restrained only by lapbelts to deceleration.
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To date, everything has emphasized full] restraint Systems, torso harnesses,
crotch straps, lap belts, and the whole works. And from the manufacturers'

standpoint that ig not very useful, because that ig not the seat the pPassenger

This is an area that certainly CAMI, if no other place, could work in,

The FAA's plans, announced more than a year ago, to examine accidents more
closely with respect to the success of restraint Systems have not reached
implementation ang should, They would be an adjunct to the biomedical

research that T just mentioned,

In discussing the matter of passenger weight and size, the current values

used in 2quipment design and even simply weight and balance, it was interest-~

current?

You know, there was a strong feeling that it was worth the FaA working
together with Transport Canada to obtain these figures, look at them and

evaluate what we're doing in terms of our design standards.

Two other topic areas fell 1in here -- the brace position and passenger
preference for restraint systems, Regarding the brace position, the group
observed that the ol4 "grab ankles" technique is being deemphasized within the
industry. The emphasis isg changing to one of the goal of Stabilizing the
body in relation to the Surrounding equipment ip the most effective manner
that the person can figure out, with some recommentations being given, The
true concern isg controlling the sudden release of energy rather than

recommending a specific position,
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And they felt that the FAA or other parties should undertake some studies
in the passenger population to see what they used, what they liked, what they

do not like and what they truly do think.

It has been a long time since anybody made any studies regarding which
way the seat was going to face and we all sort of harp back to those days

and there has not been anything very firm since then.

In the area of aircraft fires, the group received a briefing on recent
FAA and industry cooperation in testing of cabin fire extinguishers. The
superiority of the Halon 1211 fire extinguisher in fire fighting was recog-
nized, but it was clear the technical studies must be either conducted or
reviewed and publicized concerning the relative toxicity of the Halon 1211 fire

agent.

The group's concern here was that potentially a very good fire fighting
tool may be rejected, or at least its adoption may be inhibited within the
industry, by concern over toxicity which may not be merited, but in any event,

is not known.

Again, that is something that could be done in the near term, and
should be done because these fire extinguishers are on the threshold of being
adopted throughout the industry and are superior in fire preventive capabili-

ties, if we can demonstrate to the people that they are not harmful.

As part of the FAA's work in the cabin fire extinguisher area and coming
back to the training area, the group felt it was very worthwhile emphasizing
the need for the cabin crew to work as a team when fighting a fire, that one

person does not pick up the bottle and take care of a cabin fire situation.

There are several functions that must be carried out, one of which is
actually using the fire bottle and the crew training in this area must be

refined. Some operators are already working on this area.

In the area of aircraft evacuation (this was another one where the
matter of outdated regulations was felt to be a factor), there was concern
voiced that future aircraft would not take advantage of research in emergency
lighting among other topics, if current regulations relating to lighting

location were not at least modified in some manner.
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We are not talking about aircraft that are appearing in the next two or
three years. We are talking about aircraft appearing within the next five to
ten years. The question was to what degree are we saddling ourselves with
inappropriate requirements? I think the group was interested in that, and it

is an area of potential gain for the industry.

As a sort of recap here in the area of cabin safety, we got on the subject
of location of eémergency exists: What was the best means. We had a debate
back and forth about tactile identification, visual identification, and aural
identification, Someone came up with a Summary which everyone liked. At this
point, the well-trained flight attendant is the best way to get passengers to

safe exits.

The well-trained flight attendant ctan overcome many of the problems
associated with visual, aural, and other means of exit identification and with

the nearly unpredictable postaccident circumstances,

Thank you,

DR. DILLE: The six human workshops to date have been funded by and under
the executive direction of the FAA Office of Aviation Safety, the Director
of that office, John R, Harrison. After taking this opportunity to sincerely
thank our speakers, our workshop leaders, and each of the rest of you as
participants in what we feel was a very successful meeting, I turn the platform
over to Jack Harrison for the concluding remarks for this human factors

workshop.

MR. HARRISON: Thank you, Bob. My purpose is not to make a speech, but
merely to say thank you. We appreciate the efforts of the group leaders and
this group for their industrious contributions to this subject. I would like
to tell you what we plan to do from this point, this being the last of the

workshop sessiong.

We expect to bput a program together within approximately 60 days. There-

With respect to the proceedings themselves, we will publish the pProceedings
in their entirety and, of course, in addition, we will mail copies of the

transcript of these proceedings to each of the participants,
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Eventually, you will receive a copy of the proceedings covering all of

the workshops.

With respect to this proceeding, I think Bob mentioned that the record
will be held open for 30 days and you can submit additional issues or

recommendations for research and study.

We expect to have significant funding for this program and we anticipate
that most of the research work will be carried out in industry or academia.
Again, let me thank you for your contributions and in behalf of my office,

the Office of Aviation Standards and the FAA, thanks again.
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SUPPLEMENTARY MATERIALS SUBMITTED BY SPEAKERS

AT THE FIFIH HUMAN FACTORS
WORKSHOP ON AVIATION

180
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AIR CARRIER OVERWATER HAZARDS - BACKGROUND AND SUMMARY:

Operating Environment: Over 200 U.S. air terminal airports have significant
bodies of water in approach/departure areas. The majority of airline flights
arrive, or depart, over these bodies of water. Water temperatures range from
3 2F to about 70F.

Water Accident Experience: Since the airlines began operating turbo-jet
powered aircraft (1958), forty-three of these have been involved in water
accidents, worldwide. Nineteen of these were U.S. operated. All occurred
during approach/departure, many at night and/or in weather. The furthest

d istance from land was 30 miles (one accident). All of the others were within
15 miles of land. The maximum notice to aircraft occupants was about seven
minutes.

Water accident Survivability: There were survivors in twenty-six of the
forty-three accidents. In some cases there were survivors after very heavy
impacts and vertical entry, factors which would mitigate against survival in
land accidents.

FAA Regulatory Requirements: The governing regulations have not changed much
since the 1930's, when one accident might involve about thirty persons. Much
larger numbers are involved today. Under these regulations, the airlines are
preparing for "planned ditchings" and many airline crew personnel have been
conditioned to believe that overwater operation commences at least 50 miles
from shore. FAA personnel have informed us that the "unofficial FAA working
definition" of a water accident involves an event that occurs more than 400
miles from land and provides at least fifteen minutes notice to aircraft
occupants. There has never, as noted above, been such an accident involving
an airline jet aircraft. The last one fitting the definition was a L-1049,
in the Atlantic, in 1962.

Under the regulations, airlines are required to have life rafts aboard when
operating more than 50 miles from land. At this time, however, fifteen have
exemptions allowing operation out to more than 160 miles without rafts.

305/475-7487

When operating within 50 miles only individual floatation devices are required,

either life vests or flotation cushions. Those carriers operating under
exemptions are required to provide only life vests.

Overwater Emergency Equipment:

1. the "flotation cushion" is the only form of water survival equipment on
the majority of aircraft. Users float on the back with the head in the water,
thereby subject to drowning from wave action, or unconsciousness/drowning as
a result of hypothermia. There are reasons to believe that some cushions lose
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effective buoyancy after only minutes of use. Further, many airline
bassenger information cards depict users floating vertically, head

out of water. Faa tests, in 1966, revealeqd that this position cannot be
maintained,

2. Standard FAA-Approved life vests are derivatives of a 1930
the military "Mae West". This device was intended to be donned prior to
overwater flight, by trained crew members. Several accidents, ang many
simulations, have demonstrated that most bassengers (and many crewmembers)
cannot locate,don and operate the device under actual emergency conditions,
or in No-panig, full light, simulations. In one accident, according to

the NTSB report, passengers were almost totally Preoccupied with locating,
unpackaging and donning the vVest over a period of about seven minutes,

3. The current life rafts are too heavy and bulky to be Successfully launched
under the most-probable accident conditions. But, they are also unsuitable
for planneq ditchings; over a twenty year period less than 50% of installed
rafts were launched Successfully, when time was available, and in some

cases none were launched, 1n lieu of developing rafts which are Suitable,

the FAA cites deployment Problems as part of the rationale for not having
them aboard,

Crew Overwater Emergency Training: with rare exceptions, these are based
on the "planned ditching" Scenario, During the drills, time ig available
for vest donning, raft positioning at exits, etc. Some airlines Provide

a little training in unintentional water contacts, others bay lip service
to it and some teach that a11 water accidents are planned accidents, .The
Crews are not bPrepared to react to this most~likely accident,

Rescue ca bility: There is none in the context of locating and,recovering
large groups of persons from offshore waters, within their anticipated

Environmental Hazards: In 328 to 50F waters, we can expect casualtijeg
Within minutesg of entry, Immersion effects will have rapid impact on children,
elderly, those with heart/respiratory conditions. The physically handicapped
and non-swimmers will drown quickly. Even the fit and competent will face
drowning, given the nature of the individual floatation devices. In cool, or
cold, water it will be g "race" between death from drowning, Or from loss of
body heat (hypothermia) In warmer waters, sharks are a definite threat, It

Survivable accident. Persons who conduct "cost-benefit" Studies might consider
the costs of bPreventing these deaths Prohibitive, We believe, however, that
the true cost will be pennies Per passenger flown and that the FAA, charged
with broviding the "highest possible degree of safety"” should require immediate
Corrective actions,

Prepared By: Wayne E, Williams, Director, Institute for Survival Technology
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A Program of Research on Human Factors in Aviation
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PROBLEM

Modern aircraft feature computer-aided communication, navigation,
guidance, control, and display systems. Area navigation systems and
control procedures have been implemented in a preliminary way and are
being extended to provide vertical guidance, speed control, and energy
management. Improved traffic control computers are being developed, a
new microwave landing system (MLS) is being implemented, and a satel-
lite global positioning system (GPS) and communication aids are waiting
in orbit. These technological and operational advances will affect all
types of flying; their benefits and demands will not be felt exclu-
sively by the aeronautically sophisticated.

Predictably the situation just described involves complex changes
in the roles of people and machines both on the ground and in the air.
Understandably various elements of the aviation community are con-
cerned about the long-standing human factors problems that are being
elevated to critical levels and will surely get worse before they can
be solved. However, before presenting a program of research on human
factors in aviation, let us examine why such a program should be con-
sidered at all and what can reasonably be expected to result from its
implementation.
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the impact of these changes on the people themselves~-not only on

The second is the growing recognition among responsible people that
both airborne and ground instrumentation, including simulators and

Function Allocation to People and Machines

Whether on the ground or in the air, some functions can be
handled bettep by computers than by pilots and controllers, but the
converse is also true. Nevertheless, the best ways to take advantage
of the capabilities of each are not always evident and generally not
clearly resolvable on the basis of current scientifice knowledge. Fur-
thermore, how well each can handle any given funection depends greatly

Other things being equal, as they seldom are, if people are to be
most effective in complex system Operations, they have to be kept busy.
Humans are poor watch—keepers, or monitors, called on to perform only
when something goes wrong or when the unexpected occurs. Computers, on
the other hand, are excellent monitors and are capable of fast, accu-

to make many decisions, whether consciously or Otherwise, that will
affect the performance of operational and/or maintenance personnel.
Some relevant design principles have been established and embodied in
minimum standards for certification, but these are generally not well
stated, documented, or understood.
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Human Factors in Aviation Training and Certification

Similar problems exist in the area of operator training, certifi-
cation, and currency maintenance and assurance. Some principles of
effective training and transfer of learning have been developed through
research and operational experience. But once again these have not
been well documented and are not well understood by many who are re-
sponsible for specifying the characteristics of training devices or for
developing training programs. Clearly the major airlines have made the
best use of advanced technology in training, but even here much improve-
ment is possible and needed, and the benefits of their experience need
to be passed along to the rest of the aviation community.

APPROACH

How should a program of research on human factors in aviation be
organized and implemented to assure timely availability of workable
solutions for the problems just described?

As a first suggestion, the problems can be approached in either a
horizontal or a vertical fashion, and each has its place. By the
horizontal approach we mean the development and validation of general
principles of design for human effectiveness--principles that can be
applied across the board whenever an operator is called on to perform a
certain class of functions or tasks. By the vertical approach we mean
the application, testing, and validation of horizontally derived prin-
ciples during the advanced development of specific systems and prior to
their operational certification. While this may cost time and money up
front, it will surely pay off later.

As a general rule, horizontally oriented research tends to be done
by universities and by a few small contract research groups. In con-
trast, the time and energies of research personnel in government
laboratories and industry tend to be consumed by projects of a more
typically vertical nature. The research programs at the University of
Illinois on principles of display frequency separation, flight path
prediction, and visual time compression are representative of the
former type. The cooperative FAA/NASA programs on terminal configured
vehicles (TCV) and the cockpit display of traffic information (CDTI)
are recent examples of the latter type.

Display and Control Design Principles

Recurring problems in instrument design stem from the fact that
whenever any particular function has to be implemented the designer has
to make a number of decisions; he may or may not be aware that he is
making decisions, and very frequently he fails to consider that the
same alternatives have been dealt with many times before over many
other drawing boards. Few laboratory directors, project engineers,
training managers, or pilots realize just how many important design
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decisions are made in precisely this way. Nevertheless, this process
has gone on and on throughout the history of aviation system develop-
ment.

What are the sorts of decisions made over and over by different
designers at their drawing boards? 2 few examples and some of the
alternatives involved are listed below:

1. Size, scale factor, and sensitivity of a display
2. Direction of sensing: fly-to, fly-from, or frequency—separated
3. Visibility and reachability
4. Combinations of indications within a display
5. Display modes: alphanumeric, Symbolic, pictorial
6. Arrangement of controls and displays within a panel or console
T. Feel of controls: damping, detents, feedback
8. Coding and function of Switches, knobs, levers
9. Grouping of functionally related operations
10. Logie and coding of caution and warning indications

During the less than half-century since human factors engineering
was recognized as at least a semiscientifice diseipline, countless
horizontal ang vertical research programs have dealt with such issues
as those embodied in the list above. Nevertheless, different decisions
have been made by different designers regarding similar applications of
each of the items listed. Possibly because individual applications
differ in subtle ways, the proper selection ameng design alternatives
is not always evident even to the most experienced bpeople in the field.

None of the required decisions would be particularly difficult to
make if experts could agree on the correct choice among alternatives in
each case or if there were available a sufficient body of objective
data describing the consequences of any decision. It is a fact, how-
ever, that the experts do not agree. Some like the moving card, others
like the moving pointer; some believe in "symbolie" others in "pie-
torialn displays, and so on. On the other hand, there is experimental
evidence on many of these issues, but it is not complete and, in addi-
tion, lacks generality. When new problems arise that are somewhat
different from the old ones that have been solved experimentally, it is
not certain that the old solutions are applicable.

Solving each new problem or each new version of an old problem by
experiment is simply not feasible. There is neither enough time,
money, nor manpower to accomplish such a program. Nor is it satisfac-
tory, in the absence of €xperimental evidence or unanimous opinion, to
be confronted with the necessity for making what often appear to be
arbitrary decisions. Often this necessity is avoided by authorizing
development of several alternative versions of the same system in the
hope that one will prove satisfactory. When this is done the designer
knows in advance that a large proportion of his money is necessarily
being wasted.
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The hope that a largely horizontal program of research might
ultimately reduce the designer's uncertainty appears to follow as a
natural consequence of the present dilemma. A horizontal program, as
a complement to existing vertical programs, carries with it the notion
of generality of results, and this is what is needed. The horizontal
approach implies in effect: 1let us not be totally diverted by the
particular problems that arise from day-to-day, but let us consider
the problem as a whole and attempt to arrive at general rules for
displays and controls that can be applied successfully in any subse-
quent instance.

Training and Transfer Principles

Human factors problems associated with the training, certifica-
tion, and refreshment of pilots, controllers, and support personnel
have much in common with those encountered in equipment and procedures
design, but there are also notable differences. In common is the situ-
ation that much of what is known and can be stated as principles is not
necessarily known to the people responsible for operational applica-
tions. 1In contrast, however, this is not so much a problem for re-
search as it is a challenge to spread the word to managers, adminis-
trators, and individual operators, including instructional system
developers and professional instructors.

For example, the potential effectiveness of flight simulators in
pilot training and certification is well documented, and in the case of
airline operations, widely and legally accepted. However, simulators
do not command similar respect and use in general aviation, air taxi,
and commuter operations. Admittedly there is less economic pressure to
replace flight training in less expensive airplanes, but the factors
contributing to the relatively ineffective use of simulators in primary
and intermediate training phases are complicated and subtle. To be
cost effective, simulators must save their operators money by costing
less to own and operate than the flight time they replace.

Possibly because of the outstanding success of airlines in using
complex and costly flight simulators for training, the belief is widely
held that simulators have to look, feel, move, and smell like airplanes
to be effective. In a subtle way the airlines have been caught in
their own trap. To persuade their professional pilots to accept the
complete substitution of simulators for airplanes in the training and
certification process, they have emphasized the total fidelity of
simulators to their counterpart airplanes. The pilots, in turn, have
so embraced the notion that a simulator has to be a tethered airplane
that they are now insisting on simulators of higher and higher
apparent fidelity.

This circular sequence of events and positions appears to offer
mixed blessings. Clearly the importance of certain types of simulator
fidelity has been well established both through research and opera-
tional experience, and this conclusion is gaining wide acceptance.
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Unfortunately it is also evident that efforts to achieve ultimate
apparent fidelity of simulators can be counterproductive. Not only is
the cost far out of line with any possible benefits, but also the
training effectiveness of such devices can suffer. Research has shown
that certain intentional departures from literal duplication of air-
craft characteristics can make possible training Strategies far more
effective than those currently employed.

Evidence for these strong and, to some people, heretical state-
ments can be found in research on augmented feedback in training, on
unrealistically exaggerated response lags and instabilities, on

elevated workloads creating larger than lifelike stresses analagous to
swinging a leaded bat before stepping to the plate. Similarly the
unwarranted emphasis on ultimate apparent fidelity tends to discourage
development and imaginative use of simpler and more flexible and
reliable part-task devices and comput er-based teaching scenarios that
can yield even more effective training at a greatly reduced cost.

Reasons for the current state of our aviation training technology
are not hard to discover. While the Department of Defense has invested
vast sums in training-research simulators, virtually all of the re-
Search has been of a vertical rather than a horizontal nature. Because
transfer of training experiments are difficult to conduct and also very
expensive, such experiments typically involve comparison of two, three,
or four training conditions treated as qQualitative factors because they
are actually composites of quantitative factors too numerous and con-
founded to unravel and manipulate individually. This approach is
essentially vertical in that total simulator configurations are devel-
oped and then comparatively evaluated.

and use. To get at the main effects and interactions, statistically
speaking, of the many independent design and use variables, a different
research strategy is called for, one that is essentially horizontal
rather than vertical, Fortunately a research paradigm new to the
aviation community, but long used in the chemical industry, has been
advanced by Dr, Charles Simon.

The practicality of applying this innovative research strategy to
human operator performance and training is no longer a matter for
Speculation. More than half a dozen experiments conducted at the
University of Illinois have involved experimental designs and multiple
regression analyses of the type advanced by Simon. Also such a design
was employed Successfully at NASA-Ames Research Center in a study of
pilot judgment of projected touchdown points on simulated landing
approaches by reference to computer-generated visual displays.
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Even more directly applicable, a transfer of training experiment
recently completed at New Mexico State University included five simu-
lator design variables, one training variable, and three transfer-
vehicle configurations. The experiment, completed in less than a
month, involved only 80 trainees, 48 of whom received training in
individually unique simulator configurations. The experiment yielded
reliable and unbiased regression equations for the main effects and
first-order interactions of the six experimental variables for each of
the three transfer-vehicle configurations. The specifiec findings of
this experiment, dealing with a simple lateral-steering task, have
little direct application to aviation but demonstrate that meaningful
multifactor transfer experiments can be conducted effectively and
economically.

FRINGE BENEFITS

Benefits of an aviation research program are not limited to the
application of research findings and technological advances, although
these can be expected to be substantial. The functions of such a
program are to educate as well as discover, and the production of
scientists and engineers who specialize in solving human problems
encountered in aviation system design, training, operation carries a
high priority at this time; individuals formally trained and with
research experience in these areas are in extremely short supply and
are badly needed by the aviation community.
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INTRODUCTION

In recent years human factors researchers have witnessed with
delight the growing demands for their expertise and services.
These calls have come from academia, government, and private
industry alike. Even the public at large has seemingly recognized
the need for science to not ignore the human factor. The present
workshop is but part of a larger reaction to these stimulating
developments. The U.S, General Accounting Office ( Comptroller
General) Report (CED-80-66) for example, encourages the FAA

to reinforce and expand attention to human factors. Yet, more
careful scrutiny of the non-specialist's concepts of human factors
often reveals that new dimensions have been added to the expect-
ations of human factors research. These new dimensions extend
well beyond the bounds of '""Knobology'', '"Boxology'', and '"Simu-
ology'", past clinical and experimental biomedicine and behavioral
science on into the region of observational epidemiology. Human
factors criteria have been essential to epidemiologic studies in
occupational medicine and public health (1), In turn, human factors
research may be strengthened through application of epidemiologic
principles. The purpose of the following remarks is to present
some of the recent thoughts from modern medical research and
contemporary epidemiology and suggest that these conceptualizations
may be useful in developing a more systematic and rigorous approach
to human factors research in aviation.

EPIDEMIOLOGY

In that few epidemiologists are engaged in human factors activities
(less than 2% of the Human Factors Society membership are from
medicine(2)) it seems appropriate to offer a brief overview of this
branch of science. The term itself is derived from Sp_i_(upon),
demos(people), and ology( thought). In its broadest sense it is the
study of conditions that occur upon humans., Thus like "human
factors'' the term ''epidemiology'' is open to many interpretations,
Today, epidemiologists: usually define the discipline as the science
(more than just the study) of the occurrence of morbidity ( and by
implication, of health, safety, function, performance, etc.) in man.
Traditionally, epidemiologistsare clinicians who study health in
populations or groups of people. One essential difference between
epidemiology and clinical practice is that the former is concerned
with groups of people ( patients and non-patients) in their natural
environment, whereas the latter focuses upon the individual(patient)
more or less isolated from his environment.

Epidemiologic activities can be reduce to two general categories;
descriptive and inferential, with inferential w; rk being either
particularistic ( specific program, planning, or policy studies) or
scientific ( discovery of the natural laws governing health). In
common usage the term epidemiology can refer to that body of
knowledge or collection of information about a health condition, the
method of study using observation of groups, or the science of the
determinants and origins of health ( or illness).
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Six areas have been identified (3) in which epidemiologists
contribute to knowledge of health and safety and in which they
aid in human health and safety decision making:

ETIOLOGY Identifying and quantifying
causal factors or risk
indicators.

EFFICACY Establishing the degree to

which health and safety
practices are either
beneficial,useless, or
harmful,

EFFECTIVENESS Measuring the level to which
an efficacious practice
actually benefits a defined
group.

EFFICIENCY Measuring how much effect-
iveness can be achieved for
a given expenditure of
resources,

EVALUATION Assessing the extent to
which a stated goal, objecive
Or Standard is actually
reached as the result of
specific health or safety
Practices.

EDUCATION Introducing practitioners,
administrators, and policy
makers to the epidemiological
pPerspective, and to the value
of applying quantitative science
to health and safety problems,

the human factors Specialist can surely recognize many over-
lapping areas of interest, This is especially true if we consider
the expanding horizons of the human factors field,

EPISTEMOLOGY

Scientific research activities can be said to operate on an epistemological
scale extending from the molecular or particle level on one end to the world

Or universe level on the other end, Most biological and medical researchers
operate toward the reductionist end of the Spectrum and search for knowledge
about the mechanisms of health or disease, Epidemiologists work near the
OPposite end- in the holistic portion - of the epistemological scale; they

search for knowledge of the determinants of health or disease, The fundamental



of these two approaches to health knowledge and control(4).

Among the public there is widespread belief that through basic
medical research we have stamped out the great disease killers

of the past. It is true that there has been a linear decline in most
infectious diseases over the last century, but the evidence suggests
this improvement in human health has been related to better socio-
economic conditions, not the result of reductionist medical research.
In fact the dominance of the mechanistic approach to health research
since the 17th century has been said to have led us to overlook the
importance of '"smoking, refinement of food, and lack of exercise

is respiratory, intestinal, and cardiovascular disease.''(4)

Our objective here, however, is not to compare the relative merits
of the two approaches for they are complementary, Both are sources
of enlightenment; each has it's own class of problems for which it is
more likely to produce rewarding results. The two epistemological
approaches are important in the context of human factors studies
primarily because each has spawned research methodologies that

to the uninitiated appear similar, yet are so strikingly different
that failure to recognize these distinctions can lead the unwary
investigator to false conclusions., As Kenneth Boulding said in his
recent presidential lecture at the annual meeting of the American
Association for the Advancement of Science, (5)

""The uncritical transfer of statistical techniques
which are entirely appropriate in some epistem-
ological fields, into fields in which they are quite
inappropriate, has been the source of a great deal
of wasted scientific effort."

Methodological differences between the two approaches are many,

For example, one employs the well known experimental method, the
other often uses the more complex and less well known non-experi-
mental method. One assesses results by statistical inference procedures,
the other demands the causal inference process ( It should be stressed
that the basic principles governing the process of causal inference are
NOT the same as those of statistical inference.(6)) Acceptance criteria
for the one are usually two-sided arbitrary 'p'" values, for the other,
rational standards are set based on existing knowledge and pragmatic
projected outcomes. One approach emphasises sample quantity; the
other subject quality, As mentioned before, both approaches are
useful, the difficulty_arises when the experimental techniques are
misapplied to inappropriate data.

CONCEPTUAL BARRIERS

It has been recognized that scientific progress has frequently been
held back by inadequate problem conceptualization. The evidence
was already at hand but the problem was obscured by intellectual
fallacies. As medical research advanced these obstacles had to

be overcome, Feinstein (7) has identified five common beliefs that
have acted as major conceptual barriers to the progress of clinical
science:
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1, In motivation, the clinician believes that the main incentive
for scientific research is to discover the cause of natural
phenomena and that phenomena whose causes are unknown
cannot be properly managed;

25 In reasoning, the clinician believes that his intellectual or-
ganization of clinical observations is rationally amorphous
-that his thinking has too many intricate and unquantified
elements to be expressed in the mathematical structures
used for other types of scientific analysis;

3. In observation, the clinician believes that his descriptions of
symptoms and signs cannot be scientifically precise because
they often contain nouns, adjectives, verbs, and adverbs
rather than the numerical dimensions of measurement;

4, In correlation, the clinician believes he finds a constant as-
sociation between the abnormal structures and abnormal
functions that occur in human illness; and

5. In classification, the clinician believes that he adequately
identifies human illness by categorizing sick people with
diagnostic names that represent the morphologic and lab-
oratory abnormalities of disease.

Feinstein proclaims that

"Each of these beliefs is widely diseminated,

long established, and seldom questioned; each

has achieved the secure status of tradition; and

each is either inappropiate, obsolete, or mistaken."

Analogous misconceptions may currently serve as deterrents to the
growth of human factors research.

STRATEGIES AND TACTICS

As human factors investigators delve further into non-experimental
research they may benefit from some of the strategies and tactics
used by epidemiologists. Initially in epidemiologic work it was
necessary to improve study designs in the areas of homogeneity,
taxonomy, and nosography. A similar effort might be productive

in human factors research.

Inasmuch as the predominant study format for epidemiologic
research is the non-experimental design, epidemiologists have

had to develop means of avoiding, removing, or controlling for

bias and confounding, Indeed the major issues in epidemiologic
research are bias and confounding. These are complex matters

and connot be discussed within the constraints of this brief paper.
The main strategies involve restriction and stratification maneuvers,
For those more familiar with observational research figure 1 and
table 1 offer some insight into the epidemiologic approach and the
calsal assessment process.
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RESEARCH OBJECTIVES

Judging from much of the material presented the objective of
human factors research might be construed as the search for
"statistical significance!' In the early stages of investigation,
prior to the development of biologically plausible hypotheses
such qualitative objectives would be acceptable. The main
thrust of epidemiologic work takes place in the quantitative
stage. Here the objectives are effect estimation, risk factor
identification, impact assessment and can involve decision
analysis and cost-benefit studies that yield results usable by
planners and policy makers.

Many of the human factors data appear to be amenable to
these advanced analytic methods. Many of the existing data
not in usable form could also be cleansed and interpreted
by epidemiologic procedures. It thus appears that there is
an opportunity to enhance our human factors knowledge by
altering our research objectives.

CONCLUSIONS

This short commentary is intended to encourage expansion

of human factors research through the application of epidemi-
ologic science. The chief short-term gain would be through
reassessment of existing reports and use of existing databanks
where the data are compatible with effect, impact, and

decision level analysis., By-products of this approach would

be identification of data deficiencies, recognition of additional
research opportunities, and establishment of research priorities.
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Tablel, ELEMENTS OF THE CAUSAL ASSESSMENT PROCESS

1- Temporal order: cause precedes effect.

2- Clinical trial/experiment : removal of cause prevents effect.

3- Gradient of effect : dose-response relationship.

4- Magnitude of effect : strong effect more convincing.

5- Replicability : effect occurs in other similar circumstances.

6- Clinical coherence : does not conflict with “known'' natural
history of disease,.

7- Biological plausibility : does not disagree with "known! biological
mechanisms,

8- Sociological credibility : Not at variance with *known" societal
events,

9- Clinical analogy : similar causes produce similar effects.

10-Simultaneous specificity : both cause and effect limited to
specific circumstances.

11-Specificity of primary effect: effect under study is stronger than
other effects produced by the same
cause.
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ADDITIONAL COMMENTS PRESENTED DURING WORKSHOP C
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COMMENTS OF BERTIL WERJEFELT, PRESIDENT, XENEX CORPORATION FOR THE RECORD
ON FIFTH HUMAN FACTORS WORKSHOP ON AVIATION, JULY 7-9, 1981 - WORKSHOP C:
CABIN SAFETY - SMOKE AND FIRE FACTORS: TOXICITY, HUMAN LIMITS AND PROTECTION.

* * * *

The discussions and presentations on the use of Halon 1211 were certainly an
encouraging step forward in aviation safety. However, current practices to
supress fires could be further improved. The recent disaster in Riyadh is ample
testimony to this fact. Information available at this time indicates that toxic
fumes from an inaccessible cargo fire caused the 301 fatalities. In order to
have a meaningful fire extinguishing system, it is imperative that all possible
sources of fire and toxic fume generation be accessible, either with portable
extinguishers or permanent installations. Recognizing that permanent installa-
tions in the fuselage may be objected to from a weight standpoint, it may be
advisable to provide more hatches in the cabin floor in order to have easy
access to all cargo areas. By so doing, the use of the portable extinguishers
could be maximized. Obviously caution must be exercised when opening hatches.
Improved fire fighting training for flight attendant personnel would also

enhance safety.

The toxicity of fire supressants as well as the toxicity of the products of
combustion warrant that émergency protective breathing equipment be provided
for all occupants on board aircraft. Presently, emergency breathing equipment
for toxic fume protection is only provided for cockpit crews. 1In some cases,
flight attendants are provided a portable emergency breathing device which
incorporates a smoke hood. This device, we are told, has a fifteen minute
duration of breathable air. The installed weight is between 4% and 5 pounds

periunit. The duration of breathable air or Oxygen available to the cockpit
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crew in the event of a smoke or fire emergency is not well defined, but can be
interpreted to be 2 hours based on FAR 121.333. Supplementary oxygen supply
(duration) varies from airline to airline. Some airlines provide from 4 to 8
hours of supplemental oxygen (@ 14,000 ft.) for each flight deck crew member.
This equates to a % to 1 hour pure oxygen supply per crewmember. FAR 121.337
"Protective breathing equipment for the flight crew" implies a 15 minute supply
(300 liters STPD of oxygen per crewmember). Although the law is confusing as
it concerns the actual minimum quantity of breathable air or oxygen that would
be available to the flight crewmembers for toxic fume protection, it goes
without saying that the longer one can sustain life in such emergencies, the
better it is - especially if the extended duration does not entail added
economic penalties. We are informed that the weight penalty associated with
current cockpit crew emergency breathing equipment is at least 10 pounds per

crewmember. This translates to a 15 to 20 minute protection against toxic fumes.

It seems that the justification for providing emergency breathing equipment for
toxic fume protection for the crew, but not the passengers, is based on the
philosophy that no one will survive unless the pilots do. However, it has been
repeatedly demonstrated that a large number of fatalities involving seemingly
survivable accidents are attributed to asphyxiation prior to or after landing.

In other words, the aircraft lands intact but the passengers are asphyxiated.
Although final reports have not yet been made concerning several recent disasters,
it is believed that in excess of 600 people have been asphyxiated during the

last 24 months, mostly on american made alrcraft. In perspective, this is a
staggering figure. In terms of loss of life due to asphyxiation, the aviation

industry 1s confronted with the equivalent of an MGM disaster every few months.
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In the MGM disaster 84 fatalities were recorded, 68 of which were unquestion-
ably attributed to asphyxiation. (These victims showed no visible signs of

physical trauma. )

The concept of providing toxic fume protection for crewmembers only is un-
questionably outdated and contrary to available data and evidence which

Suggests that protection should be provided non-discriminately to all occupants.

It is not so that industry or the FAA do not recognize that there are problenms.
It seems, however, that the absence of an acceptable solution has posed a
continuous deterent to providing any toxic fume protective breathing equipment

whatsoever for the passengers,

Two pPrincipal factors to consider when implementing any new safety system de-
signed for use by the public are: A. The meaningful safety value of same and
B. Educating the public to its use. Additionally, of course, there are moral,

legal and financial ramifications.

Several years ago the FAA proposed that industry provide Protective smoke hoods
for Passenger use. Industry objected on two principal grounds: The smoke hood
would not provide meaningful safety value. In addition, considerable difficulty

was anticipated in educating the public to its use.

toxic. The fumes (hydrogen Cyanide, for instance) can render victims unconscious

in a matter of seconds. This is Perhaps the most formidable consideration when

addressing thig problem. With such highly toxic components, that affect people
in a few seconds, the fact that aircraft doors can be opened, for ventilation
and smoke €vacuation purposes, doeg not necessarily pose a meaningful safety

value, given the time required to descend, depressurize and open the doors.
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In addition to the protective breathing equipment, which is mandatorily

provided for the cockpit crews, the cockpits are ventilated with fresh air at a
rate which, in many cases, is 10 to 20 times higher than the rest of the interior
aircraft. This high fresh air ventilation rate serves to further diminish

the adverse affects of toxic fumes from a physiological standpoint as well as
enhancing pilot visibility. The net effects are: smoke or toxic fumes

eminating from other areas are essentially blocked from entering the cockpit

(so long as cockpit door is closed) or, in the case of a cockpit fire, the smoke

eminating from such a fire will be vented directly into the passenger compartment,

where the passengers have no protection whatsoever from the toxic fumes!

Aircraft fires are of two principal categories - in flight and post crash.
Meaningful safety devices for toxic fume protection should, of course, address

both circumstances.

One of the objections voiced by industry to the smoke hood, proposed by the FAA,
related to the difficulty in donning the device. Although there is some merit
to this philosophy, it would seem that a smoke hood is better than no protection
at all. However, it should also be pointed out that, in many cases the smoke
hood would be relatively useless considering the practical aspects of aircraft
fires. I.e. the first signs of a fire are usually manifested by smoke in the
cabin. Thus, donning the mask would also entail breathing contaminated air

trapped in the smoke hood.

The smoke hood was also objected to on the grounds that finding and donning
the smoke hood would delay evacuation in the event of a post crash fire. There

may also be some merit to this philosophy.
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It is now approximately two decades since the toxic fume and asphyxiation
Problems were brought to the attention of government, industry and the public
in the form of asphyxiation fatalities from seemingly survivable accidents.
The absence of passenger safety equipment for toxic fume protection is now

being brought into the legal arena. Recently, a $62 million law suit was filed

There are viable solutions at hand which have been Proposed by Xenex Corporation

for which Xenex has batents pending. 1In further elaborating on this subject, I

In brief and simple terms, as explained to many of the pParticipants at the
conference, the Xenex Portable Emergency Life Support (PELS) Systems utilize
the existing pneumatic air sources on board the aircraft as a source of fresh
uncontaminated air. 1In ope of the preferred embodiments, the ducted fresh air
is diverted to the passenger service units and appropriately connected by means
of a hose and air bladder to the existing oxygen masks. This provides the user
a continuous uncontaminated fresh air source so long as the unit ig connected

to the supply source, in other words, several hours of breathable air if this
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is necessary. The unit can be disconnected from its supply source thus
providing a portable supply of air by means of the air bladder which can also
function as a rebreathing bag. The portable supply is, within present design
parameters, sufficient for 2% to 8 minutes depending on individual require-
ments. Reconnecting the PELS unit to the supply source will rejuvenate the
portable air supply in approximately 20 seconds, while simultaneously providing

breathable air to the user.

As we all know, safety in aviation is in many respects based on redundancy
systems. Therefore, (as it concerns the Xenex systems) in the event a compressor
should fail, for instance, from a burned out bearing, which may, in fact,
introduce undesirable and toxic fumes into the duct system, one would, of
course, use another compressor as a supply source. In the event of complete
engine failure in conjunction with the presence of smoke or toxic fumes, it
would be desirable to have a connection from the ram air duct(s) so that clean
ram air can be introduced into the system. The capability of providing ram

air into the cabin is useful not only from a standpoint of providing breathable
air in the event of engine or compressor failure, it also serves to enhance

the removal of toxic fumes,as well as to maintain cabin pressure and tempera-
ture in the event of failure of the air conditioning packs. By way of example,
the pressure increase due to ram effect is approximately 50% over the static
ambient at normal cruise speeds. This means, descending to 18,000 ft., where
the static ambient pressure is approximately half of that at sea level, would
provide approximately normal pressurization of 11 psia. The increased fuel

burn at lower altitudes would make this a desirable feature,in that higher alti-

tudes can be maintained,in the absence of functioning pressurization equipment.
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By using ram air the need to open cabin doors for the removal of toxic fumes

may also be obviated. Another side benefit of the use of ram air is the

Ccrewmember to maintain 15~20 minutes of toxic fume protection, is in sharp

contrast to the weight penalty associated with the Xenex PELS System which is

on the order of only one-half pound (in many cases, less) Per passenger seat,

for several hours of breathable air, plus the portable feature.

Recent cost figures, relating fuel pPenalty to the carriage of superfluous weight
on board aircraft, indicates that the Cost per pound for a 747 operating 3,000

hours a year, is on the order of $45 to $50 per pound per year, Relating this

cost to the current equipment required to provide toxic fume Protection for
the cockpit crew, we find the cost to be between $450 to $500 Per year per
Crew seat. The cost of the Xenex PELS, assuming an average trip of 3 hours,
based on average load factors of 60%, is on the order of 4%¢ per ticketed
passenger!! o0On 3 Per seat per year basis, it ig 1/20th of cost of the cockpit
Crew system. The cost of equipment itself, considering shelf 1ife of the

equipment of 3-5 years, would add a fraction to the above cost of 4i5¢.

On a ticket valued at hundredsoi?dollars, absorbing an additional cost of 5¢
for the purpose of safety angd saving lives would certainly appear to be a pru-

dent investment on the part of the air traveler as well as the airline. Obviously,
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In an effort to ease and minimize the burden on industry, a Xenex PELS unit,
suitable to be comnected to the fresh air (gasper) outlets will also be avail-
able. This unit requires positive action on the part of the user for activation
whereas, the other PELS unit previously described 1is a passive system, merely

requiring the donning of the mask when it is presented.

The major objections previously voiced by industry vis—a-vis the smoke hood,
i.e. meaningful safety value and delay in evacuation,are effectively remedied
with the Xenex PELS System. A practical example of this, as it concerns, for
instance, the evacuation of aircraft, would be to deploy the emergency breathing
equipment, and if the passengers find need to use it in the course of evacuation,
then they need merely breath from the nearest available unit. Current regula-
tions require that emergency evacuation of aircraft be accomplished within 90
seconds. The 2% to 8 minute portable air supply of the Xenex systems provides
more than adequately for this implied requirement for portable protective

breathing equipment in the course of evacuation.

In closing my comments on this issue, I believe you will agree it is blatantly
apparent to everybody that: A. there is a long overdue need for emergency breathing
equipment for all occupants on board aircraft; B. There are viable solutions (both
technically and economically) available from private industry that can be implemented
essentially immediately; C. Previously, the greatest deterent, for an effective
improvement in this area of aviation safety,was the cohesive will of all parties
concerned to affect such an improvement,within the state of the art at the time. -

It is impossible to perceive that this deterent still exists.

207



Conclusively, although there are other parallel issues, relating to smoke and
fire safety, deservant of utmost attention and resolve (some of which may await

ultimate resolution for many years); safety improvements concerning asphyxiation

hazards must be implemented in the immediate future.

I appreciate the opportunity to present my views on these serious issues and trust
that they are of meaningful value to the members of this forum, the traveling

public, FAA and industry.
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@liminested reculting
trzinins ordgenizetions

i mroven
comrletelw
Howeyvery

It zimulator Lraining

=lane time caen be z2lmost
significaent cost sowinge,
srooead with caulbicom.

FREFERENCES?

Lima-Gripnted Flight Treininsg, Leazuber 2 Foushee

NASA CF 2164

FARTICIFANT NAME: Dy, H., Clazwton Foushee
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I

I

IDENTIFICATION OF HUMAN FACTORS ISBUES 1IN AVIATION S
RIOMEDIICAL ANTU BEMAVIORAL FACTORS

TITLE OF ISSUE OR QUESTION:

,

prmlicabtion of St omatdon

BUMMARY OF I8SUE Om QUESTION:

e of sutomstion iz needed- shogld it rerform zotions on
vor monitor =ilot zetions?

atidon of contrelling 2rd monitoring Ffumetions otveparn
craw and comrglers,

Difficulty of melnteining marusl shille inm an automested Gy i ror-

. TE

et

RATE PRIOGRITY OF RESEARCH ON THIS ISSUE AS IT RELATES TO
AYIATION SAFETY,

O S S o s o i et e e e 7

EXTREMELY HioH MOLERATE LOw EXTREMELY
HIGH Lo

BUFFLEMENTARY INFORMATIOM,
fiv EVIDEMCE FOR INFORTANCE OF IesUpe:

Humer is 2 soor morditor of infreauent events and fzilures,
Filots have difficul Lu Lramzitioning from highnley automated
gircreft Lo mainle meruel 2ircrafts e.g, First Officor on
OC 10 to Castain on B=727 4
Lo he effective in emergencse menuel orerstions thew migst
maintain skills throush setive involvement in routina
oraratians,

Be FUTURE RESEARCH FRQJIECTS MEFLEN REGARDIING THIS ISSUE:

What iz prorer role of automation and Now much cen/shagld

Filot be taken out af centrol and informetion loor oo OfFos @l

te leaving nim in loor and havips comeutaer monitors advisa
and/or limit his actions.

C. AFFLICATION OF FINDINGS -~ SAFETY: EFFICIENCYs ANDI/OR COST
RENEFITS EXFECTED FROM FUTURE RESEARCH OM THIS ISSUE:

Comtrolled f1isht into terrain stcidents have been virtualluw

eliminated by G+sFiW.S, Fuel and efficiencw savings can be
rezlized throush Tlight mernadgement custems,

s REFERENCES:

NASA Ames Automation rerort - Ir., Wierner and Or, Boehm-Disvie

Aviation Fsuchology - Irs Roscoe

E. (OFTIONAL) FARTICIFANT NAME! Iy Roscoe/ Edmunds
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I1I.

IV,

INENTIFICATION OF HUMAM FACTORS IGEUEES IN AVIATIONI
BIOMEDICAL AMD BEHAVIORAL FACTORS

TITLE QF ISSUE OR QUEETION:

Inftoarmation sresentation

SUMMARY OF ISGUE OR QUESTION?

With sovencad flisht diseplaswsy otilizing CRT technolosgy nol enoodh
sttention haz been given to flignht informetion sresentztions Tormats
i@,y sizer sheres coleory swmbologw, for stendardizstion Lo reduce
error andg fatigae,

RATE PRIORITY OF RESEARCH OM THIS ISSUE AS IT RELATES TO
AVIATION SAFETY.

Ao ) QY P —— I e o o i 2 i A s /
EXTREMELY HIGH MODERATE LOW. EXTREMELY
HIGH LOW

SUPFLLEMENTARY INFORMATIOM.
A. EVIDENCE FOR IMFORTANCE OF ISSUESS

With the sroliferation of CRT and sdvaneed dierlews (HUDy
Shared Radazr Diserlawvss Advanced avionics) heve develored

different disrlave with little attention to rresentetion
of information.

B, FUTURE RESEARCH FROJECTS NEEDED REGARDING THIS ISSUE!

Committea should be esteblished to delermine fhuman Tactors
needs when develoring advanced disrlaws,

C. AFFLICATION OF FINDINGS - SAFETY» EFFICIENCY» ANIV/OR COST
RENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS ISSUE!

This might not srrear to be hot issue risht nowus but without

consideratiorny we will face same problems 25 with cochkrit
standardizastion 20 uvears ad90.

I, REFERENCES:

({new sudggestion)

E. (OFTIONAL) FARTICIFANT NAME: Russell Lawton (AOFA)
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I

II,

rTII,

Ty,

S OIN AVIaTION:
ACTORE

INENTIFICATION OF HUMAN FACTORS I8SUES
BIOMEDIICAL AND BEEHAVIDRAL &

TITLE OF ISBUE DR QUESTION?

Mirvimum SBtendards for Dooksit Vieibhility

SUMMARY OF IS8UE oR QUESTION:

Manw curront sircraft do mot meet vieibilitw etanderds specifled
in Title 14 of the Code of Federal Regulationsz, A draft sdvisorws
ciroglar incorrorates an SAE committes recarnendztion to relewx
Lhese standards to zllow aven woorer visibilitw,

RATE FRIORITY OF REEEARCH OM THIS ISSUE A5 IT RELATES 710
AVIATION SAFETY,

/W,MMmemmum/w_wm"“m"m_/m___-“mw”_“/ ................... i e v /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LGOW

SUPFLEMENTARY INFORMATION,
A.  EVIDENCE FOR IMFORTANCE OF ISSUES:

There have beern four mid=-a3ir collicioms involving the DC«9
slone in which the other aircraft and/or its contrail Wi g
obscured or at lesst Fartizlle obscured from the view of
one or both eilote by the nonstendard (oversized) window
Fousls,

E. FUTURE RESEARCH FROJECTS NEEDED REGARTIING THIE ISSUE:

Studies of Frobabilty of detection of mnornmoving (ecollicsion
course) targets of varuing sharepss sirps, 2nd contrast with
baclkground a5 2 funetion of their sratisl proximite to
cockrit window rosts of various widths,

C. AFFLICATION OF FINDINGS -~ SAFETY. EFFICIENCY» AND/OR COST
BENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS ISSUE;

Establishment of the seriousress of the decrement in traffice
detection rerformance sssocizsted Wwith roste thet exrceed
interryrillarw width,

I+ REFERENCES:!

NTSE rerorts of gccidents over Urbanas Chio (1%9&7)3; Fairlandg,
Indiana (1970)35 and Iuartey California (1971), Yudgoslay
government rerort of aceident over Zagreb (1976)
E. (DOFTIONAL) FARTICIFANT NAME: Sten Roscoe
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II.

L0 % 5

IV,

TOENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION?

BIOMEDICAL AND REHAVIORAL FACTORS
TITLE OF ISSUE QR QUESTION:

The effectivenese of Flizsnht Fath Contreal (altitude) M
by electronic devices in the cockrit,

SUMMARY OF ISSUE OFR QUESTION:

1., Relisbilitw of the monitorins device in Frovidins
guidance
2. Lack of consistent znd stendardized orerations,

RATE FRIORITY OF RESEARCH OMN THIS ISSUE AS IT RELATES
AVIATION SAFETY,

e s T S ) SR e —— e N s

EXTREMELY HIGH MODERATE LOW
HIGH

SUFFLEMENTARY INFORMATION,

o3
Gt

]
(=
r}

A. EVILENCE FOFR IMFORTAMNCE QF I=5UES;:
1, Altitude deviztions are 2 mzdor sroblem
2. Altitude devietions desraods Frotection baoilt imta ATC
suestem 2nd can znd Ao lead to nesr mic-2 roeollisions,
2. Altitude werming switems 2re reoauired bw resgulztion an
have not solved Lt Froblem.
B. FUTURE RESEARCH FROJECTS NEFEDED REGARIIIMG THIZ I8s5ys:
1, Desigrn of stemdardized cocksit srocedyraes whiich oo na
degrade their monitoring effectivenssc,
2, Eetter Humen Fectors insgbt in O dosisn zed utilivaetin

of these & szimiler devices

Ce AFPLICATION OF FINDINGE - 34
BENEFITS EXPECTED FROM FUTUR

1, Al Safoty
2. efficiency withim AT8 susten (=

I's REFEREMCEZ:

1. FAR riotice reauiring sltitode vErings
cerrier sirrlamcs,

2. ASRE rerorls E osltodies redording 2ltitude
s (OFTIONALY FARTICIFANT NAME: Harre W, Orlacw
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I.

IT.,

III.

IV,

IDENTIFICATION OF HUMAM FACTORS ISSUES IN AVIATION?
BEIOMEDICAL AMD BEHAVIORAL FACTORS

TITLE OF ISSUE OR QUESTIONI

l_
4
]
I’
-
-
<

Mairmtenance of rilot euazlificestions in more than one zig

SUMMARY OF ISSUE OR QUESTIOM:

Some orerator’s reauire crews to meintsin eeslificstion on more
than one zireraft znd/or rotoreraft.

FRATE FPRIORITY OF RESEARCH ON THIS ISSUE A8 IT RELLATES TO
AVIATION SAFETY.

EXTREMELY HIGH MODERATE LOwW EXTREMELY
HIGH Lo

SUFPFLEMENTARY INFORMATION,.
A. EVILENCE FOR IMFORTAMCE OF ISSBUEES

In 2 recent Airmicronesiz sccidents =ilolt error wes cited

25 the eprobeble cazuse because of habit saltterns established
from fluing 3 rrevious piece of ecuirment.

E., FUTURE RESEARCH FROJECTS MEFDEN REGARDIMG THIS ISSUE!

To what degree whould the cockril ond rrocedures be more
standardized to zllow this rrocedurs,

C. AFFLICATION OF FIMDIMGE - SAFETY, EFFICIENCYs @MI/OR
EENEFITS EXFECTED FROM FUTURE RESEARCH ON THIE ISBUES

Thig may tremendousle enhaence ssfetw,

I, REFERENCEES

dirlime Flight Stamderds, ALFAs zrngd Militaras

E. (OFTIONALY FPARTICIFANT MaME?! Juane Edelman
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IDENTIFICATTION OF HuMan FACTORS ISSUES IN AVIATION:
EICMENICAL aNn BEHAUIORAL FACTORS
I, TITLE pr ISCUE ax QUESTION:
Desdan #hilosophu - Humar traits/crew station ¢ oo i,
II. SUMMARY OF ISSUE oF QUESTION?

There are a numher of mew swstems dovelored for Mew z2ndg
clder aireraft thet do ot vensfit from o e 1en #hilosorhw or
starndard thet T1llg the hoansrn clement,

II. RATE PRI REZEARCH ON THIS ISBUE ag IT RELATES TO
AVIATION
f__m_w"“m___f___mnx _______ it G e o Y — e SR |

EXTREMELY HIGH MOLERATE LW EXTREMELY
HIGH LOW

IV, SUFPLEMENTARY INFORMATION,
A,  EVIDENCE FQOFR IMFORTANCE OF Iscue g

Thare arse zeveral marufacturers who are building the Same

Filacess qf eauirment with different dagisr #hilosorhies,

Eramelaog?

1. Flight mamna Eament customs

2. FReadip g 1aéemam, suwslioms

2. Bescon Do Ilisian fivoidance

4. Wernins Lu&Lemsy gural end vicgal

Zs  CRT EHLLHNH dierlagws

&g Heads g
B, FUTUR E RESEADCH FROGECTS NEFLEL REG NRLING THIS ISSUE;

1, Loczstiosn ar ingtrumerntatior 7. Comprehension

2¢  Tupes of digplawu

3. Tt P tbrals

4, Seay dlaplews

S Lian

&, Fial ik
Ty - SAFETY, EFFICIENCY AMD/OR CcOsT

FUTURE RESEARCH ON THIa ISsy
s dnuresse dip safelblu, leoss cast
~*ah“e¥il£5ti““o

s REFEREMCES:®

Sivline ALF S MASA . and Private industry

Ev  (OPTIOMAL: FARTICIPANT MAME! Iuere Edelman, Rerunlic firlines



IDENTIFICATION OF HUMAMN FACTORS ISSUCE IN AVIATIONS
EIOMEDICAL AND BEHAVIORAL FACTORS

I. TITLE OF ISSUE OR QUESTION:

Worklecad recuivements in variouds clssses of oreration feauirment
oreration)

II. SUMMARY OF ISSUE OR QUESTIONS

What are the differences in cocksit werkloed recuiremants betwesn
single rilots lishtle ecuirred generel avislion girereft and multi-
crew sircrsfts orerating IFR in high density terminzl zreazs.

IT1I. RATE FRIORITY OF RESEARCH OMN THIS ISSUE AS IT RELATES TO
AVIATION SAFETY.

EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOuW

IV, SUFPFLEMENTARY INFORMATION.
&4, EVIDENCE FOR IMFORTANCE OF ISSUES!

Treffic mix im hish density zreacs
Increszsed regulation of sirerace

E., FUTURE RESEARCH FROJECTES MEEDED REGARDING THIS ISSUE:R

v

Realistic waw to assese vorichle cockeit workload
reauirements imsrosed by 2 procedure under concideration.

C, AFFLICATION OF FINDINGE - SAFETY: EFFICIENCY s AMDN/OR CDST
KENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS ISSUE S
Irncreased safety besed on Frocecuyes doocidmed with les
orrortunity for error coused hw unreslistic information
erocessing or crew worklozd recuivemente.

=

I, REFEREMNCESS

{new suggesticorn

E. (OPTIONAL) FARTICIFAMT NAME? Jen Million
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II,

III.

IV,

INENTIFICATION OF HUMAN FACTORS ISESUES IN AVIATIONS
EIOMEDICAL AND BEHAVIORAL FACTORE

TITLE OF ISSUE OR QUESTION:

Cockrit stendardizetion

SUMMARY OF ISSUE OR QUESTIONS

Should the FAA regquire more ctandardizaetion of flignt deob
equirment? Currentle unlike the U.,S. Militerue: bthere is
little in the FAR‘s that recuires thet the location: size
or share of controls or disrlaus be standerdized,

RATE FRIORITY OF RESEARCH ON THIE ISSUE AS IT RELATEE TO
AVIATION SAFETY.

/__..........____........._f_..........._..-_,.....__/.._.-..._X_.__......./I_... B .‘/ __________ /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

SUFFLEMENTARY IMFORMATION.
A, EVILENCE FOR IMFORTANCE OF ISSUES

-

Filot fluing different aircraft mew suffer from nhzbit
interferrence when orerating different eauirment,

(K]

oo 4
A '..[l'_-b

48]

E, FUTURE RESEARCH FROJECTS NEEDED REGARDING THI

New disrlawe such ez CRT srnd HUD: and the sroliferation
of dizitel control ranel

C. APFLICATION OF FINDINGS - SAFETY: EFFICIENCY. AND/OR COS
EENEFITS EXFECTED FROM FUTURE RESEARCH OM THIS ISBUER

Szfety, minimize error

I, REFERENCES!

NTSE *Aircraft Desisn Induced Errors® 1967 Fitte 2 June
lesicgn Imduced Landing Geer Aceident in Beech-Baron € Eo

A/Cy NTSE Srec Invest 80-10

E. (OFTIONAL) PARTICIFANT MNAME ! o i e e

227



—

d
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Iy

14

QUESTIONMS

SUMMARY OF 1ssuE OR QUESTIOM!:

Comtimua and exand the reseay
due Lo self-induced stressors
FOoT sleesr ang gzting rattorn

TION OF HUMaN FACTORS Issuss
EDITAL AND REHAVIORAL FACTORS

IN AaVIATION:

ch of ZircTrTew ! erformance dedradation
sSUCh zs EElf—meu‘LuLlDﬁ! drus zbhuse
€r zlecohols ete,

- Y e wif
EXTREMELY
Law

RBTE FRIORITY OF RESEARCH ON
AVIATION SAFETY,
v e s
EXTREMEL Y HIG
HIGH
SUPPLE“FNTARY INFORMATION,
(21N EUINENCE & I IMFORTANCE oF IEsUES:
Hizn incldence of milat
E. ruTtyre R .

Co  areLIcaTION FINT

oF
BENEFITS EXFECTED ©

FTA
FRO

More than
Lhruuﬁn

b1

m

RESEARCH FROJECTS NEEDED REGARDING THIS

huur
comesidar

{EE - SAFETY,

Ititude with items suyph s

zlape derrivations residigal effects
Fest drinking), reagctive hupo-
singles bt ip combination,

ANLIZOR COST
IZ5UE:

rILI ENCY»
M FUTURE RES&A\CH OM THIS

F’1 ht
ralings
inm

ir v;11'$
‘reLtrum of rilot
LL“m~ «"c LuLluued

dld ﬁlr Infb~‘tion 2nid Szfetu



IT.

III,

IV,

IDENTIFICATION OF HUMAN FACTORS IGSUES IM AVIATION:
RIOMEDNIICAL AND BEHAVIORAL FACTORS

TITLE OF ISSUE OR QUESTION?

Tashk rerformance criterie

SUMMARY OF ISSUE OR QUESTION?

Should/cen minimum serformance standerds pe =zet For rilot
rerformance over and asbove current standerds/regulations?

RATE FRIORITY OF RESEARCH ON THIS® ISSUE AS IT RELATES TO
AVIATION SAFETY,.

/oem e ) G, S e Y et e o e e e /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

SUFFLEMENTARY INFORMATION.
A. EVIDENCE FOR IMFORTANCE OF IS3SUES

e

Filot’s rrotect to "asge &0" rules srocidents cazused bw
#ilot error.

K. FUTURE RESEARCH FROJECTS MNEEDED REGARDING THIS ISSUE!

Are different standards reauired for different rlanes?
Should standarde he set a2t the end-roint level (e.d.
landing the slane) or st the sublask/factor level

(@,.g, reaction timel)7 Should rerformance stendards be set for

rezk rerformance levels medien level or lowest level
evhibited bw rilot? Should different sterndards be set
for entru-level vs, exrerienced rilols. Are these com-
renszting feocotors sssocieted with a=eT

C. AFFLICATION OF FINDINGS - SAFETY: EFFICIENCY: AND/OR COST
BENEFITS EXFECTEN FROM FUTURE RESEARCH ON THIS 183UER

. REFEREMNCES:!

Chiles?: CaMI Rerorts
MASA Rerorts

E. (OFTIONAL) FARTICIFANT NAME: 0. Mobr
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-

L IT.

ILENTIFICATION OF HUMAN FACTORS 15SUES IN AVIATION:

BEIOMEDICAL AND BEHAVIORAL FACTORS

n

TITLE OF ISSUE OR QUESTION:

1

Lavelornant of methods for evzlusting chanses in functioral and
crerzlionzl cerebilities of gviztion rereonnel sroduced pw
ernvironmental and medical factaors including aging,

SUMMARY

Merw fTact
and traum
of & pilp
evaluating sueh co =
coentroverasw pyaen the *fAse &0
reselve this, ann ralszted mopg

OF ISEUE OR QUESTION:

Grses such 8s incressins eger cerebro-vasculszsr eccidents
atic head imdurws cen affect the functional cerabilitiog
t. There asre NoW ne Ssermerzlloe accerted methods for
2] :hilitie

r 3 FTacl underluing much of the
' rule, Such meesures are needed to

le=e B __ g e T R N SN /
EXTREMELY HIG!! MODERATE LGW EXTREMELY
HIGH LOW
SUFPLEMENTARY IMFCREMATION,
Fe EVILDENCE FOR IMFORTAMCE OF ISSUES:
Recernt bitter controverswe regerding "Ase &0 Rule®
B, FUTURE RECEARCY FROJECTS NEEDED REGARIIING THIS ISSUE:
Marw 2l Resronzes to coms e
slimy vlogiceal analusis of
Fotentigls ¢ Ol.ed g stimulus arraus: fimimel
modals
IR EAFETY . EFFICIENCY, AMO/CR COST
BEMNEFITS EXPE ] "UTURE RESEARCH 0N THIS 18syuEg:
Develorment Cozuditable testins methode woild Frovide
scoerts ¢ ] Lrementd criteris for avietion
EaTsan LSy
I, REFERENODO
(now sugssstion)
£ 4 COFTIONALY FARTICIFANT NAME: A+ Reyzin
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II.

III.

IV,

IDENTIFICATION OF HUMAM FACTORES ISSUES
BEIOMEDICAL AND BEHAVIORAL

TITLE OF ISSUE OR QUESTIONS

Judsment

IMN AVIATIONG

FACTORS

SUMMARY OF ISSUE QR QUESTIONMS

sfoor Judgment® ie resronsible for most G& zocidents., Carm "spnod
Judgment® be tausht or messured,

RATE FRIORITY OF RESEARCH ON THIS ISSUE A5 IT RELATES TO
AVIATION SAFETY.

S h QT e e — e ) . /
EXTREMELY HIGH MODERATE Lo EXTREMELY
HIGH LGW

SUFFLEMENTARY INFORMATION.
A. EVIDENCE FOR IMFORTANCE OF ISSUZS!
Jernsern & Eernel, 1947 (FAA Rerort) stated tiat the medorite

(hzzed omn NTSE files)
Jutigment

of azccidents
could be clssesified as

Failure.

were due to causes which

Cer this good

Judsment be tzught snd how best to do this.

E. FUTURE RESEARCH FROJECTS NEFDED REGARDING THIS ISSUE!

Emery Riddle Stude to

C, APFLICATION OF FINDINGE - SAFETY:

pe comrleted 1In

EFFICIENCY

1782,

ANTL/OR COST

RENEFITS EYFECTED FROM FUTURE RESEARCH ON THIS ISGUE:S

safety

0., REFERENCES:

Faa comtrsct rerorts

E., (OFTIONAL) FARTICIFAMT MAME ! oo e -
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]
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.

IDENTIFICATION OF HUMAN FACTORS ISSUES INM AVIATION:
BIOMEDICAL AND BEHAVICRAL FACTORS

Resoures Managemenmt, Crew Conrdimatian, The Role Structure of

The mature of
role im o2 gis
Gy memb;rﬂ v zometimes hesitant to tuestion certainsg or © re i
uE if el entlhmlz Hauzurnuﬁ situations, IL ie ¢lso clear that
FErsonality rlavs 3 role in that srocecs, Little researcnh hag beern
undertekern Lo clerifu the rrocesses,

'nt@rwerﬁonal Frotesses in the cocksit hes Flaved 2
t

RATE FRIORITY OF RESEARCH OMN THIS ISSUE AS IT RELATES TO
ﬁUIATIGN EAFETY,

S e Ao e e o o e R e ettt o oy e i

EXTREMELY HIGH MOLIERATE LOW EXTREMELY
HTGEH LOW

SR

B, FUTURE RESEARCH FROJECTE NEETEN REGARDING THIS ISSUE:
D“Y‘GFéllth resesreh.  Evaluation im reslistic sinulated
environment ., Obsaervationnl oo interview studies with

carriors,

.
o cti reinin: Imzzele the over-—
] : the orerslion ond the wew copkeit resnyros
manazded,
I, REFEREMCED:
G 1 & NASEA CP 2120
b, TORPTIOMAL FARTICIFANT MAME:? Or, H, Clowton Forshee

rodmber of zccidente, For examele. subordinste

Full-mission simulztion



INENTIFICATIOM OF HUMAM FACTORS ISEUES IN AY 0
BIOMEDIICAL aND BEHAUIORAL FACTORES
I, TITLE QOF ISSUE DR QUESTIOM:
tionehis betweorn insdeauate stress copins gtrotogias

&
irorow werformance.

1T, SUMMARY OF ISSUE OR QUESTIONS

According to manwe rsweniatric
coring with the ongoing life stirese
suhdect will temd to "Act Out”
directed ogtward st others (ov
as Lthe aircrafitds amd throush
rw3u1<tlour faviation or soter
them sccident-srone,

11T, FATE PFRIORITY OF RESEARCH OM THIZ ISSUE A IT RELATEES TO
AVIATION SAFETY.,

SRR .)'L i
imate

EXTREMELY HIGH MODERATE LW EXTREMELY
HIGH LOW

IV, SUFFLEMENTARY INFORMATION.
A. EVIDENCE FOR IMFORTANCE 0OF ISSUES!
A recent uneublished studs hes demonstrated
shis between airmen who present the &smwlumﬁ
stress coping strztegies in "zoting out® the
and frustrations and those involved i cduo:
factors in sircraflt mishers,

-

B, FUTURE RESEARCH FROJECTS NEEDED REGARDIMG THIS ISSUE

To further define the swmrtome of inedeauste stress coril
yd zlrorew Frerformance.,

and the relzstionshis betwsen this

C. AFFLICATION OF FIMDINGE - SAFETYs I s LR
KENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS IBSUE!

Tefinmition of inadeaust: slrese-

flight insgtructers: those resso

trzining 2nd schedaling o

will ensble the non-szelecti

allow treining for Eitﬁrﬂu;t
., REFEREMCES?

18

Alkovre F.fd, "Inmzdeauate Stresse Corlng sltrztegies znd the
Airorew Fector coused Mishear in the US Navwe® el L e by
Mzval Szfetw Center Resesarch Rerorts June 1581,

E. (OFTIONAL) FARTICIFANT N&ME! FRoberl A, Alkowv
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I,

II.

III.,

IV,

IDENTIFICATION OF HUMAN FACTORES ISSUES IN AVIATIONI
EIOMEDNICAL AND REHAVIORAL FACTORS

TITLE OF ISSUE OR QUESTION:

FPeak 2 Minimum (Extreme) Worklosd limitc

SUMMARY OF ISSUE OR QUESTIONM?

o extremels high end/or low levels of crew gotivite {worklosd?
lead to unsafe situstions. N Releted issue is Lo determine the
correlation (rositive or negative) bestween workload and zafety
(ze determined bu satisfactory tosk rerformance).

RATE FRIORITY OF RESEARCH OM THIS ISSUE A% IT RELATEES TC
AVIATION SAFETY.

A e ¥ R SR . Y S i e T i s S
EXTREMELY HIGH MODERATE LOW l:',!TVE“‘E‘\'
HIGH LOW

SUFFLEMENTARY IMFORMATION,
A, EVIIDENCE FOR IMFORTANCE QOF ISSUESS

Accidents heve cccurred for which the commonly secerlted

calse wss either that the crew wos toon busw or wes
imattentive due to low zetivite levels.

E., FUTURE RESEARCH FROJECTS MEELED REGARDING THIS ISSUES

Ascuming the ewistance of an serrorriste worlk lood
utilize orerstionzl ture simulotors (sach ss duo

to correlste worklosd {instesntaneous and time g .
with tesk rerformence (erocedursl errorse veosction tives:
girceraft control acouyvecw)

C., AFFLICATION OF FIMDIMGE - SAFETY, EFFICIENCY. ANDY ‘OR COST
EEMEFITS EXFECTED FrOM FUTURE RESEARCH OM THIEZ ISEUES
Cockrit crew station design,

Airevaft vertificvetion srocess,
I, REFERENMCES:
Thackray - Fif CAMI (minimuam)
CHilesz - FAA CAMI (maximum?
Es (OFTIONAL)Y FARTICIFAMT HAME! Roger F, Mzelesnd - Fas/aRT

235

340



4]

23

¥ M .,

=Eaki
AT =X

t

of

f1ig:
tuart
A hour
T
1

| - -
r-{ i L 2
3 -

A

i
oy
H

o
C
=
=
[l
=

[

!

EMELY

D

a2 )|

> R [ (b} L
= ri s

2
LOW
sefural
}“r
Limds

E-
jugit}
I
I«
.
(Wi
3

+
+
L
o1
inersr
&
0

=
EXTR

= C i [y ¢l & b ] o
o 2 g i wm a3 — =t rd L 159

- 3]] L e L1l = [N I a +? . >~ I
— o U oM b 1 Lo b~ = o 0 (S o &
< i T3 oend e} <E i i i *- > = = .
— - ~ e i1 | i * 8] P - al = -t
= + DA SRR 1 S Lsf i <0 = > o =0 +
< o i 1= b =2 s [ =4
41} —f D IR = i . fus ] o Li (3% s z
gV =4 = b= i i s al bt R
> o oA 0 i ! Q

]

Y
H
i

L
L
o

!

=
s

= Ul M|“ .Fh“
Pl P i H
[ ST Ve [ !

ACTOR
i
i)

"y
P
=
f
o
£
e

i

oo
=
|
—
1
fu}
=
=

A

SEU

a
=
-
E

=
o
L

= 31 i o i isd

v o [ o Gt a2 .
[ W} 0 — v — | £ N L
[ ] il [T o~ M
o o> + ] i b -
b <G 1 k-4 [ ] (o] =

= - T Hi

M

j=o
B T
(]
*
H

n z. e = = i
- = s mn o] [} < i
<L =7 g il (=] > - - +1
X -] - T . | R (]
o [ &3] ) = [ N ] iv Ll L]
b o | - L e [ — b k-
| <7 [ — % I .

<

=

I
s il oo e e e — 4

=1 G i L il o .
gy U1 Ci Xt [as I ot o 1oLt 1] R -
1 XD e’ L L [ [ 1:1 s
3 ) [ ] L . =+ = a | Sl ] (2 DU |
b~ oy | o> oLl = LA IR s <
< {0 1] 1] - L [ &8 B 1l [y
1 jusi | w w1l - >z -+ FE oL, (il %2
[ Ul aa] L i [ K¥] = L iid [C ]
L. 43] F1 <X L ZiC Piagyan 5] Vi 22 i: = 3
— L} L [y poan s} | sl i L. Lo} Lid Uy 0
- es] i Ll v o i REa < ~*
pra L Boi 2 [ [ EY] .
fud (] b | S I oo 3
o) jx et £ b [ e H ~ > = -
L] L «T > b b L 1 - i i ] il
- G i L <3 " fi. €
- = gt - &5 [¢8
-4 3 i} <E T -
[ 4] ol oyl R [ [d}]

-
i
18
e
H
-
T
.
U (]

v
;
3
"N
-
o

(]

236



II.

III.

IV,

IDENTIFICATION OF HUMAN FACTORS IS8SUEE IN AVIATIONMS
BIOMEDICAL AND BEHAVIORAL FACTORS

TITLE OF ISSUE OR QUESTIOGN!

The effects of fatigue on flight safely in londg duration flighte,

SUMMARY OF ISSUE OR QUESTIONMI

Irn the restricted corntext of lonz dute reviods aslofthy comsorents of
fatigue (biological and environmentzsl) need to be identifieds their
effects auantifieds znd rotentiel counterasctents asssesced for
dimirution of adverse faltisue =2ffects on flight-related functions,
RATE FRIORITY OF RESEARCH CN THIS ISSUE AB IT RELATES TOQ
AVIATION SAFETY,
e R P b G i e T s s oo e vt o g s sy o /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW
SUFFLEMENTARY INFORMATIONM,
&, EVINDENCE FOR IMPORTANCE OF ISSUES!
Fatigue continues to be listed z¢ 2 suhstentiasl comronent
irm aviaticon sccidentss bput remzins uncheracterized ss Lo
its srecific comronents.,
E., FUTURE RESEARCH FROJECTE NEETNER REGARDIMGE THIS ISGUE!
Identificztion and wusntitstion of comronents
in long HSurstion flighte, Assessment of counterscitznts
to featisue.
C, AFFLICATION OF FINDINGS - SAFETY: EFFICIENCY, ANIL/OR COST
EENEFITE EYXFECTED FROM FUTURE RESEARCH OMN THIS ISBUES
Reduction of advorse effects of fetigue on avistion ssfetlye,

I, REFEREMCES!

]
’_J
G
L&
F—.
| E]
Lt
‘-J
’_
o
A
.

CAMI Rerortse, Mohlerd Fhwsi

E. (OFTIONAL) FARTICIFANT 'NaAME:D .k Connor Ty
arnd Micheel T. Latsszols
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i-4

—

IDENTIFICATION OF HUMAN Fat S,

CTORS 1Ig
BIOMEDIICAL AND EEHAVIORAL

SUES IN AVIATION:
FACTORS

I. TITLE QOF ISSUE OR GUESTION?

Inflisnt rmdtrition, denwdration andg restricted motion (mobhilitu

II. SUMMARY OF ISSUE OR QUESTION:
Iz there 2 rmeood to rezesrpo Lhe loms and ahort term effects of
rutrition, thhﬁFBtiUH 2 l;mited motion or sctivity relative
to milot "o oy @' Bworeneso,

IT. RATE PRIQRITY OF REZEZARCH OM THIS ISSUE A8 IT RELATES TO
AVIATION SAFETY.

) m— B S /e p S /S s il s mopmissi
EXTREMELY HIGH MODERATE LOW EXTR
HIGH L

IV, SUFFLEMENTARY INFORMATION,
A.  EVIDENCE FOp IMFORTANCE OF

FOR IZ5uULEs:

N&EA ASRS
Aceident investigating b militovrw:e ALPAS NTSE, g
where fazlisus was 2 Tactor,

E. FUTURE RESEARCH PROJECTS NEFEDED REGARLING THIS

Study af shweiologicsl gorecte of food digest

EMELY
ow

Faa

ion ag

(Frhusical)

it effects pilet dute Lo limite d du+u celivitu
2)  Stude of nutrient neede due te Feciel environment
2)  Btudy te fingd worrelation in LLPC£U¢rd s]l@oe

gnd rutritionz) = Lnvolved in 4he rilot s
4)  fAotuasl sffect digeztive rrocess on meal
Flight on @ hwciologe,
Ty APPLICATION OF FINU NGE - SAFETY, SFFICIENCY,
BENEFITE EXFECTED FROM FUTURE RESEARCH ON THI IS
I's REFERENCES:
{rew
Ee (OFTIONAL: FARTICIFANT NAME? Ceri, Hzl Mord

riwthms

lertness,
served in

AND/OR COST

UE:



INENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATIONI
BIOMEDICAL AMD REHAVIDRAL FACTCRE
I, TITLE OF ISSUE OR GUESTION!
Interections of tosxic substences with other foctorz,

II, SUMMARY OF ISSUE OR QUE

.,J
D
pras
s

Tha humen brain is an excerbticonal

commor toxic agents (e.g. slechol

fumes.» ﬁardenln’ posticides) can

increzse accident/error erobasbili

syurerisingly little dstz on effec

rerformance-—even for alecohol., €

chemicel inundated environment ic

regulatore or educatiomal rolice.

III. FRATE FRIORITY OF RESEARCH OM THIS ICGBUE A5 IT mFLATES TC
AVIATION SAFETY.
A i £ — o ) QI e et st s e P i e e o N B P i sl

EXTREMELY HIGH MODERATE L O EXTREMELY
HIGH L0

IV, SUFFLEMENTARY IMFORMATICN.
A, EVIDENCE FOR IMFORTAMNCE OF I8SSUES!

Alcohol: maridusns: eesticidesy and rFossiblus luhricent
fumes sre krnown wvectors of geocident causation. Trhe l1ittle
dete emisting for other agents susdHeste that there zre s
1ot more thinge out there thet cane witnouot our Lnwings
interfere with flisght-related broim functions.

E, FUTURE RESEARCH FROJECTS NEERED REGARDING THIES ISEURS

Sustematic sttack on acute and
towicologe of substopeces to whic
are commonle: or Freeuentlsy exross

C., AFPLICATIOM OF FINLGINGS -~ SAFETY: EFFICIEMCY. AND/CR COBT
EENEFITS EXFECTET FROM FUTURE RESEARCH OM THIS 15SUE!

festricting expozudre to sotwatonces Lndwis Sapite L
cause imrsired serformance will reduce freauenow o
rorformence @rrorsy and Croohics,

I, REFEREMCESZS

T, (OFTICMNALY FARTICIFAMT MAMES A, Rewvzin
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11,

III.

IV,

IDENTIFICATION OF HUMAN FACTORS I8GUES IN
CTOR!

RIOMENICAL AMD BEHAVIORAL Faf
TITLE OF ISSUE OR QUESTION?

RBiglogical rhethms

SUMMARY OF ISSUE OR QUESTIONG

Are rerformaznce sarasmeters criticel for avisgtion =
different during different sheses of civeasdian or

Are there biorhwthm shese differences in efficecw

maw influerce werformsnce {dros stater dreud Wity
slear Serrivation: etc)? In whet wews does rh;Lhm
influarnce rerformenceT Are there wauvs Lo mimimize
imreirments resulting from rhelhm dezgnchonies 1ik
RATE FRIORITY QF RESEARCH ON THIS ISSUE ASE IT RELA

AUTATION SAFETY.
EXTREMELY 41GH
HIGH

SUFFLEMENTARY INFORMATION.
A, EVIDENCE FOR IMFORTANCE OF ISSBUES?

Manw rerformaznce rerameters and most rRgesiologicsl

HDDE.QT_' LOuW

znd drug-~resronse rzrameters have been

diesrlazy mador circadien fluctustions g

minor ultradizn ones. Pha&w—ﬁhiFts ar

rhgthms maw

result From rarid time =one

S OWN

EIRraF:
deswrnehras

in workshift or even drus€s, Toring U”‘“HLhQ

rhuesiologicel

ard behasvioresl ohasnses oan

kK, FUTURE RESEARCH FROJECTS NEEDED REGARTIING

Which rerformance warameter

otertisll

U reley

safete (e.g., attentions shoru—hwvm MemOr)
imraired during 1) certain circzdian

durimg circadien rhethn desgnchiTong,

sl b
bl fal

1o

gcour

i

HH

U
¥

Froduce rhwtiom dD”“W“hFGHU” Whnat manisulations

the deleterious effects of rhethn decwnehrong on
i honosie inter

gte.T Other GUEEtlUH;@ 1 o0 s
other fzetore (drusgsy worklosds cles

desuwre
1

¢

desrivation:

ardvercelu affect serformance? 2D Ooes G0
retrozctive effecter ¢.g, on reczll of imfor

arne "time of daw" differences in rer

fu

circadian rhethms or to other facltove

clesr derrivations elc.?

C., AFPFLICATION OF FINDINGS —~ SAFETY: EFFI

EENEFITS EXFECTED FROM FUTURE REESEARCH
1) Resssesoment of work schedole and Wl

:H'\..-E'.w:

following tramsmeridisn il
2) Resssesspent or regssigoment of
during different times of 2w,
I, REFEREMCES:
Higginers ot.2l

at.al. CHMI Rerorts
E. (OFTIONAL)Y PARTI

IFANT NAME!  Fraeoh

£} e
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I.

II.

III.

Iv.

Title of Issue or question:

Human Factors Issues at General Aviation Airports
Summary of Issue or question:

To what extent do airport conditions (operations and physical features)
influence piloting aircraft in approach, landing, taxiing, and takeoff
maneuvers--and how can adverse effects be amelorated? (See attached
sheet for more.)

Rate priority of research on this issue as it relates to aviation safety.

X / X / / /
Extremely High Moderate Low Extremely low
High

Supplementary information.

A. Evidence for importance of issues:

Airports are cited as causal and contributing to both air carrier and general
aviation aircraft accidents. The frequency of citings are considered

significant enough to warrant research & development efforts to focus on air-
port conditions to produce the knowledge & information upon which improvement

cg? b?ugssgdfesearch projects needed reguarding this issue:

Present efforts are not addressing airport issues, but are instead focusing

on the man and his relationship to the machine.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Findings will have a direct and positive effect on safety and efficiency of
operations at airports. They can be applied through the FAA's Airport

Devel t Aid d .
s. ﬁg?%geﬁ%ts:Program and other agency efforts

E. (Optional) Participant name: John Kal, AAS-320

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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Attachment to: Identification of Human Factors Issues in Aviation:
Biomedical and Behaviorial Factors

Item II (continued)

For light conditions experienced during daylight:

0 What airport features and conditions influence pilots to land
aircraft short of runways and how can this be corrected? To what
extent are they correctable?

o What airport features and conditions influence pilots in making
flare maneuvers? Can they be corrected?

o What airport features and conditions influence pilots to
overshoot runways? Are better cues needed?

0 Do runway widths and other features create illusions of speeds
greater or less than indicated by instruments? To what extent can
they influence stopping distances?

© Can airport lighting (clarity and configuration) be objectively
evaluated from ground surface positions which duplicate the cues
it provides during approach, landing, and takeoff?

o Do point light sources similar to present day VASI's alone pro-
vide the best (optimal) vertical guidance?

O Does the color of lighting (the often referred to "sea of blue
lights" for taxiways) offer adequate guidance for manuering
aircraft?

© Do terrain features immediately surrounding airports (within
5-miles on approach, within the last mile by quarter mile
increments) influence pilot manuvers of aircraft and with what
effects?

These questions are by no means exhaustive but are representative of areas
where research and development by human factors specialists are believed to
be needed. They are intended to stimulate and guide the make up of prop-
jects and programs that will produce, if not the answers to them, a better
understanding of the interactions between airports and pilots.
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IV. Supplemental Information

A. Evidence

CAMI, through Mertens and others, has demonstrated how runway
features (length to width ratios) affect angles of approach in the
landing maneuver of aircraft. This was done for dark night conditions.
Perhaps more importantly, these kinds of efforts should be pursued for
other than these conditons. A review of NTSB data on conditions of Light
by Injury Index shows a greater number of injuries in general aviation
flying occuring inother conditions. For example, over a 3-year period,
there are average annual occurences of 39 fatalities during daylite
conditions, 2 during moonlight night conditions, one at dusk, one during
dark night, and none at dawn. Focusing human factors/airports research
efforts on daylight conditions, therefore, could produce a greater benefit.

Additional support for such efforts comes from another source. An analysis
of aircraft accidents was made by a NASA contractor which tends to corro-
borate NTSB's finds that airports exert a good deal of influence in

aircraft accidents. In analyzing air carrier aircraft accidents, the con-
tractor found in 32 out of 58 air carrier accidents, that airport conditions
were second only to pilot experience as causal or contributory in accident
occurrences.

Consulting NTSB records further and then looking at general aviation
aircraft accidents adds another supporting argument. Here, on average in
about 8 percent of the occurrences annually, airport conditions are cited
as influencing accidents.

Human factors research in the highway field of transportation has proven
itself beneficial. One need only consult Highway Research Board and
National Cooperative Highway Research Program publications for evidence of
this. While operations do not take place in the same mediums, there are
enough similarities in operators, vehicles, and paths to suggest the same
degree of success for human factors/airports research.

245



AL

References
—cteiences

Mertens, H.W. and Lewis, M.F. Effect of Different Runway Size on
Pilot Performance During Simulated Night Landing Approaches, CAMI;
1981 Article in Aviation Space Environmental Medicine.

Mertens, H.W. Runway Image Slope as a Clue for Judgment of Approach
Angle, FAA/CAMI, Report FAA-AM-79-25, November 1979,

Kovalsky, N.B. etal. an Analyses of Pilot Error-Related Aircraft
Accidents, NASA Report CR 2444, Washington, D.C., June 1979.

Various publications on human factors in Highway Research Reports
and National Coperative Highway Research Program Reports dealing
with such topics as polarized head lights, highway street and lane
widths, proximity of guard rails to shoulders, etc.

246

NN



QUESTIONNAIRES DISTRIBUTED IN WORKSHOP B, BIOMEDICAL AND BEHAVIORAL
FACTORS IN THE PERFORMANCE OF AIR TRAFFIC CONTROL SPECIALISTS
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II1,

ITT,

IV,

IDENTIFICATION GF HUMAM FACTORS 18SUES IM AVIATION!
RIOMEDICAL AND BEHAVIORAL FACTORE

TITLE OF ISSUE OR QUESTION:

I of ATC tzcsk charascteristice

SUMMARY OF ISSUE OR QUESTIONS

Much sreculation exists about whet the &TC tzsk sctuslls involves.,
Ferformence ic often Jdudded bw zubdective ratimgs, Hn obdeclive
measure derived bw resezrchers in coorevaetion wilh ATCE would
be 2n imrortant initizl ster in essescing sutomztion needs snd

rotentizler, develoring Job motivatorsey revising ATC trzining: ete.

£

=l

(>}

RATE FRIORITY OF RESEARCH ON TH1S ISSUE AS IT RELATEE TO
AVIATION SAFETY.

e ) CEEE—. AR S I R S Pnaasnssianasy D /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

SUFFPLEMENTARY INFORMATIONM.
A, EVIDENCE FOR IMPORTANCE OF ISBUES

+e

Kinnew S.0.F, researo
S. Tucker’e current research
ASRE recsults on error attribution

E. FUTURE RESEARCH FROJECTS NEENED REGARDIMG THIE ISSUE:R

Evaluastion of ATC task in Cosnitive FPegcholosiw/Scstem
Analusis Terms.,

C. AFFLICATION OF FIMNUOINGS - SAFETYs EFFICIENCY. ANMD/OR COSY
BENEFITS EXFECTED FROM FUTURE RESESRCH ON THIS ISSUE!D

Ezsis for work situsztion wmotivetion (imeroved labor relztions)
Cut training costsr build cooreration ATC/FAA

Il REFEREMNCES?S

E. ({OFTIONAL) PARTICIFANT MAME: C. Grahsm
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TDENTIFICATION OF HUMAN FACTORS ISSUERES IN AVIATION!
RIOMEDICAL AND BEHAVIORAL FACTORS

I, TITLE OF ISSUE OR QUESTION:

TI, GUMMARY QF I&SUE DR QUESTION!
Meed micro anzlwsis of controller taskhk rorformsnce to rrovide a2 basis
far aszsescing imerzct of chsanses in controller work on controller
worklonad and on trzits end krowleddge rewdired to bhe 2 good controller,
rTI. RATE PRIORITY OF RFSEARCH ON THIS ISSUE AS IT RELATES TO
ﬁUIﬁTION SAFETY .
P e cmere ey oo i R i e i e i oo e e ot e i
EXTREMELY HIGH MOTERATE LQOW EXTREMELY
HIGH LQOu

TV, SUFFLEMENTARY INFORMATION,
&4, EVINENCE FOR IMFORTAMCE OF ISSUES!

w

UE

1)]

E. FUTURE RESEARCH PROJECTS MEEDED REGARDING THIE I

C. AFPLICATION OF FINDIMGS - SAFETY» EFFICIENCY: ANI/OR COST
BEMEFITS EXFECTEDR FROM FUTURE RESEARCH OM THIS ISSULS

L, REFEREMCES?
T, (OPRTIOMALY PARTICIFANT MAMES e e e
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IDENTIFICATION OF HUMAM FACTORS ISSUES IN AvIaTION:
BIOMEDICAL AND BEHAVIORAL FACTORS

I. TITLE OF ISSUE OR QUEETION

IT. SUMMARY OF ISSUE 0OR QUESTION!

Need to studs the socizl asrects of the contrs
to find mearns of ircressines levels of dJub =n
Job mearformance,

87 Wworae anyironmoent
:

c+ ‘.!
|,_
".r =
{8

i

s

I1I1I. RATE FRIORITY OF RESEARCH ON THIS I8SUE NS IT RELATES T4
AVIATION SAFETY.

EXTREMELY HIGH MODERATE LOW EXTREM
HIGH LOW

IV. SUFFLEMENTARY INFORMATION,
A+ EVIDENCE FOR IMFORTANCE OF ISSUES:

E. FUTURE RESEARCH FROJECTS MEEDED REGARLIIMNG THIS ISSUE:

C. AFFLICATION OF FIMOINGS - SAFETY, EFFICIENCY» AMN/OR COST
BENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS IsSsus:

I,  REFERENCES:

v (OFTIONAL) FARTICIFANT NAMES________________ .
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IDENTIFICATION OF HUMAN FACTORS ISSUES INM AVIATION:
BIOMEDICAL AND REHAVIORAL FACTORS

I. TITLE OF ISSUE OFR QUESTION:

levelorment of ATCS rserformance mezsurement method(s),

II. SUMMARY OF ISSUE OF QUESTION?

Obdective measures of controller erformance onm
hecessaryg for manwy near term research zreass e ori
ageinst which to eveluate 2lternztiva FErroLohes .,

III. RATE FRIORITY OF RESEARCH ON THIS 1SSUE AS IT RELATES TO
AVIATION SAFETY,
VA SR F O e i o R R S e > ST, /
EXTREMELY HIGH MODERATE LOW EXTREMEL Y
HIGH LOW

TV, SUFFLEMENTARY INFORMATION,
Ay  EVIDENCE FOFR IMFORTANCE OF ISSUEs:

Current subhdective methods gre unrelisble and mav lead
to erroneous conclusions regarding futyre doevelorments,

E. FUTURE RFSEARCH FROJECYTS NEEDED REGARDING THIS ISSUE:

CIENCY» AMND/OR COST

C. AFFLICATION OF FINDINGS - SAFETY, £FFI
CH OM THIS Iszug:

BENEFITS EXFECTED FROM FUTURE RESEAR

Iy,  REFERENCES!
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-
1

1t

b4

F N AVIATIONS
Cal AND B

Nhiective messzures of Alr Traffic Susctem rerformance

SUMMARY OF ISSUE OR QUESTIONMS

Ny ective meszsures thet sre sccurate and comerehensive sre
1= for evelusting slternctive Future suwstems.
RATE FRIQRITY DOF RESEARCH OM THIZ ISSUE A IT RELATES TO
ﬁUIﬁTIQ% SHFETY
) 4

EXTFEMEIY
LOW

SUFPLEMENMTARY INFORMATIOM,
4. EVIDENCE FOR IMFORTANCE OF ISSUES!
B, TU RESEARCH FROJECTS MESNFL KEGARDING THIS ISSUE!
r,  ATRLICATION OF FINDINGE - SAFETY: EFFICIENCY, AND/OR COST
ENEFTITS EXFECTED FROM FUTURE RESEARCH ON THIS ISSUE!
.o RE




I1.

III.

IV,

IDCNTIFICATICN OF HUMABN FACTORS ISSUES IM AVIATICON:

EIOMEDINICAL AND BEHAVIORA! FACTORS

TITLE OF ISEUE OR QUESTION:

Rezearch omn vaerious man-machine combinstions to detevmine orltimzsl
future swustems,

SUMMARY OF ISSUZ OR QUESTION!

RATE FPRIORITY OF RESEARCH OM THIS ISSUE AS IT ReELATES TO
AVIATION SAFETY. '

EXTREMELY HIGH MODERATE LW EXTREM!
HIGH LOW

SUFPLEMENTARY INFORMATION.

A

k.

.

EVIDENCE FOR IMFORTANCE OF ISSUES!

FUTURE RESE4RCH FROJECTS MNERDED REGARDING THIS ISSUES

AFFLICATION OF FINDINGS - SAFETY. EFFICIEMCY: aND/OR COST
BENEFITS EXPECTED FROM FUTURE RESEARCH ON THIES ISSUZS
REFERENCES?

COFTIONAL)Y PARTICIPANT MAME ! o oo -
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II.

IT1I.

TV,

IDENTIFICATION OF HUMAN FACTORS ISSUES IM AVIATIONI
BIOMELICAL aND BEHAVIORAL FnC

TITLE OF ISSUE OR QUESTION:

Task znalusis

SUMMARY OF ISSUE OR QUESTION:

With the rroJdected uze of humaneg in the decision meking rrocess
for ATC» data beses rneed to be deoevelored to zssist in the
cplection srocessy ang in the men-machine relstionshir,

RATE FRIDRITY OF RESEARCH OM THIS ISSUE AS IT RELATES 70
AVIATION SAFETY,

S A e A i e s R o i s e e I it i b /
EXTREMELY HIGH MOLDERAMTE LOW EATREMELY
HIGH LOW

SUFFLEMENTARY INFORMATION.
A, EVIDENCE FOR IMFORTAMNCE OF ISSUES!

The future eguirment develormenlt ie directed towards
#roviding more informestiorn to the controller,

E. FUTURE RESEARCH FROJCCTS MEEDET REDARDING THIS

-4
(0]
i3}
—
m

C., APPLICATION OF FIMDIMGE — SHAFETY, EFFICIENCY. AND/OR
BEENEFITS EXFECTED FROM FUTURE RESEARCH ON THIS ISEULE]

cafety

'+ REFERENCES?

Tuckere:, Kinnews Bucklew

E. (OFTIONAL) FARTICIFANT NAMES ...
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I1.

III.

V.

IDENTIFICATION OF mniuMaN FACTORE ISGUES IN AVIATION!
RICMEDICAL AMND BEHAVIOQRAL FACTORS
TITLE OF ISESUE OR QUESTIOMS
Task snelusesy swstem error studics reed Lo be condooted not oo
g ong-time bzsisz: bt shoold be continuelly ur-dstes zz ATC
swstems continue Lo evolve.

SUMMARY QF ISGUE OR GUESTIOMS

RATE FRIQRITY QF RESEARCH OM THIE ISSUE A4S IT RELATEE TGO
AVIATION SAFETY.

EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

SUFFLEMENTARY IMNFORMATIONM.
A, EVIDENCE FOR IMFORTANCE OF ISSUES!

B, FUTURE RESEARCH FROJECTS NEEDED REGARLDIMD THIE ISBUEZI
C, AFFLICATIOM OF FIMDIMGS - SAFETY: EFFICIENCY» AND/CR COST
EENEFITS EXFECTED FROM FUTURE RESEARCH OM THIS ISSUES

I, REFERENCES]

E. (CPTIONAL)Y PARTICIFANT MAME o e
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I,

ITI.

IV,

IDENTIFICATIONM OF HUMAN FACTORE ISSUES IM AVIATION
RIGMEDICAL AND BEHAVIORAL FACTORS

-

TITLE OF ISSUE OR QUESTIONS

Relatiormshiy of classes of feedbszck to Job sstisfsctions
digsatisfzction

SUMMARY OF ISSUE OR QUESTION?
Feaedhack from the Jdob mow be lardgelwy sdverse bssed on rolicis

@,
Mzrnwe orrortunities and datz for resitive feedback zre aveilable
but unused.

RATE FRIQORITY OF RESEARCH ON THIS ISSUE AS IT RELATES TGO
AVIATION SAFETY,

EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

SUFFLEMENTARY INFORMATION,
A, EVIDENCE FOR IMFORTANMCE OF ISSUES!R

v, Roses’ studies and controller rororts

B, FUTURE RESEARCH PROJECTS MEELEL REGARDIMG THIE IEEUES

1. Study of mesns of combining feedback dets to erovide
zources for rositive feedback,

rasT
) Wi B

C. AFFLICATION OF FINDINGES - SAFETY: EFFICI Y OML/OR
RENEFITS EXFECTEN FROM FUTURE REEEARCH OM THIZ ISSUE:

Surervisoer werformances on thoe Job trzinmingy sromotion
and retentions celection.

L, REFEREMCES:

¢

E, (OFTICMAL) PARTICIFANT MAME! Jousorn & Tucker
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IDENTIFICATION OF HUMAN FACTORE I88UES INM
BIOMEDICAL AN BEHAVIORAL FACTORS

AVIATION!

I. TITLE oF ISSUE or QUESTION:

Voice impugt

IT. SUMMARY OF ISSUE oRr QUESTION:

Can flisht rlan or clearaznee informetion ha trenslatern to comey
languazge with imrortant ctonseauent reduction irs ATCS Buttor =0z

-

III. RATE FRIORITY OF RESEAR

CH ON THIS Issurz pc IT RELATES 71O
AVIATION SAFETY,
Cosnicmamprg, f i Kmome., S s s i L AES———— 7 T — /
EXTREMELY HIGH MOLERATE LOow EXTREMELY
HIGH

LOW
IV, SUFFLEMENTARY INFORMATION,
A+ EVIDENCE FOR IMFORTANCE OF Issy

High ATCS worklozd srd digtr
situation dicrlazy

ot

ian fronm monitoricg

B. FUTURE RESEARCH FROJECTS 5 ISSUE:

ges

C. AFFLICATION QF FINDIMGS -

SAFETY EFFICIENCY, ANT/CR cosT
RENEFITS EXFECTED FROM FUTURE REEEARCH ON THIS IE5UES

Incressed sestem caracitu i rossible

I, REFERENCES:

o, W, Cormnolle Studae 2t Fal TC showed LOme

(OFTIONAL) FARTICIFANT MAME S .. ..
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HES IN ablIaTIOM:
BEIOMEDIICAl. AND BEHAQTEFQL FACTORE

I. TITLE OF ISSUE OR QUESTION!

Sector suite design

IT. SUMMARY OF ISSUE OR QUESTION:

What is the ortimum corfigsuration of i enrogts 570 sector?

I11I. RATE FRIORITY OF RESEARCH ON THIS ISSUZ A& IT RELATES TO
AVIATION SAFETY.

Frisasmamramg e K . e e o i o s i e /
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

IV, SUFFLEMENTARY INFOQRMATION.,
As EVIDENCE FOR IMFORTAMNCE OF ISSUES:
Comruter driven sustem does not reacire bthe I4° flal row
console arrzngement, IEM deformasgrarnic disrlaw teochnoloss
can eliminate hest Senersting 1m#laaive sotentisl CRT/ o
2nd z2sgociasted eauirnent from the control roor - remohe
nardware,

B, FUTURE RESEARCH FROJECTS NEEDEL REGARIING THIS ISEUE:

C. AFFLICATION OF FINDIMGE - SAFETY, EFFICIENDY, AMLLAOR ﬂGST
BENEFITS EXFECTED FROM FUTURE RFSEARCH OM THIS TCSSUE

Increazsed flexibility for zeravale reconfisuration
Enviromnmentsl imsrovements etco,
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III1,

IV,

IDENTIFICATION OF HUMAN
BIOMEDICAL AND

TITLE OF ISSUE OFR QUESTION!

levelor 2 skill a2nelusis of the ATC doh,

SUMMARY OF ISSUE OF QUESTION!

This is needed to zoeuately zscess L)
that are criticsl, It will serve zas =z
evaluation and srorpced changes,

datsa

RATE FRIORITY OF RESEARCH ON THIS ISSUE AS IT RELATES TO
AVIATION SAFETY,
VYo W= ¥ f e e 7 R e o s o S ks o
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH Lauw

SUFFLEMENTARY INFORMATION.

element

bese

FACTORS ISSUES IN AVIATION:
BEHMAVIORAL FACTORS

& of the Job
2 for future

FICIENCY» AMLD/OR

CH ON THIZS ISSUE:!

7

COsT

A. EVIDENCE FOR IMFORTANCE OF ISSUES!:
B,  FUTURE RESEARCH FROJECTS NEELED REGARDING THIS ISsus:
C. AFFLICATION OF FINDINGS -~ SAFETY, EF
BENEFITS EXFECTED FROM FUTURE RESEAR
I, REFERENCES:!
Ee (OFTIONAL) FARTICIFANT NAMES___________ _____
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IDENTIFICATION OF HUMAN FACTORS ISSUEZ 1IN AVIATION:
BIOMFDICAL AND FEHAVIORA! FarTors

I. TITLE OF 18s5UE OR QUESTION:

Lack of clear and documented understanding of controller slilly
2nd krnowledds reruiremente,

II. SUMMARY or ISBUE CR QUESTION:

Information is reauiverg to mrovide = peseline for change a2z
x

Joh recuirements are changed znd for develorins end velidatins
controller selection criteriz,
III. FRATE FRIORITY OF RESEARCH ON THIS ISSUE A 17T RELATES 1O
AVIATION SAFETY,
W e e e i o e X i o essimG e Psisigame, /
EXTREMELY HIGH MODERATE L0W EXTREMELY

HIG LOW

Iv, SUFFLEMENTARY INFORMATION,
A. EVIDENCE FOR IMFORTANCE QF IBCUES:

H. FUTURE RESEARCH FROJECTS NEETEN REGARTING THIZ Igsue:

C. AFFLICATION oF FINIINGS - SAFETY,
BEMEFITS EXFECTED FROM FUTURE REGE AR

I REFEREMCES:

Ee (OFTIONAL) FARTICIPANT L -



[me)

4

o .
o e it o . o ih &

al

e

t i




k]

ori

ATCS tyair

-
i

i

T A
iy
i

~

270

25

H

E 22
g
.

i A

.

I
MFOR

-

T

Froce

(]
[y

)
i

SUMMARY OF Issup O

GRMAY

!"\i,-

geltive

iR

=

-
=
Y]
+
sl
Hij
=

—
I
—

[

i
i

u)

IN

L.
c

P
-
Lid
Li.
jan
w
=
o]

]
-
-
-
for

o

cmeti
ITY

EVIDENC

"

ineffacie
FUTUR
Beltter

.I0FR
{IGH

R

I

+

1
i

»

a

LEMENTARY

-
T

I
|4
y

e of augt
ATE

¥=
AVIA

SUF

u
F.

I,
ITI,
v,



QUESTIONNAIRES DISTRIBUTED IN WORKSHOP C, CABIN SAFETY
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IDENTIFICATION OF HUMAN FACTORE ISBUEE I
EIOMEDICAL AND BEHAVIORAL FACTORS

I, TITLE OF ISSUE OR QUESTIONS

Fresh zir ventilation baclevioliogicsl: yivael zmd fuonszl contaminstiog
limits (al;c towic szs conteminmstion ldimitsl,
IT, SUMMARY OF ISSUE OR QUESTION:
Froesh air ventilstion iz dengerously low ifrom = he2alth stondeolnld.
The low fresh z2ir ventilstion rates i syomoting the seresd of
contageous disesses,

III, RATE FRIORITY OF RESEARCH ON THIS ISSUE AS IT REL&TES TO
AVIATION SAFETY.

EXTE MELY HIGH MOLERATE LOW EXTHRE
HIGH Lo

IV, SUPFLEMENTARY IMFORMATION.
&, EYINENCE FOR IMPORTAMCE OF ISSUESS

Faa Ilocket 20351

E, FUTURE RESEARCH FROJECTE NEEDED REGARDIMGE THIE IBSUE!

Mumerouss which should be ssearent after reviewinsg FAN
Loclet 20351

C. AFFLICATIOM OF FINDIMGS - SAFETY, EFFICIENCY: AND/OR COST
RENEFITS EXFECTED FROM FUTURE RESEARCH OM THIS IEBSUE!

Substentiels lost benefite.

Il. REFERENCES!

Féaa Doclket 20371

E, (OFTIONAL) FARTICIFANT MAME ! oo
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IDENTIFICATION OF HUMAN FACTORS ISSUES
BEIOMEDICAL AND EEHAVIORAL F#&

I, TITLE OF ISSUE OR QUESTION?

Frotective bresthing devices for flignhtorew memnhers

11, SUMMARY OF ISSUE OR QUESTION

Tests conducted at CAMI demonstrete srool
of current—-use rrotective breathing devices
solutions (with minimal economic imezcty Tor these Prub;@ms.

III. RATE FRIORITY OF RESEARCH OM THIS ISSUE A% IT RELATEZ 70O
AVIATION SAFETY.

Y ) QP ¥ R Y = Y R Fo ey e ———
EXTREMELY HIGH MODERATE LOW EXTREMELY
HIGH LOW

IV, SUFFLEMENTARY IMFORMATION.
A, EYIDENCE FOR IMPORTANCE OF ISSUES:

Eostomn Far Am sccidenty Movembers 1273,

L, FUTURE RESEARCH FROJECTS NEEDED REGARDING THIS IBSUE:

Fositive zeotion be the FAA Lo urgrade erotective bresthing
devices.

C. AFFLICATIONM OF FIMDIMGS - S4&FE T! Er TICIENDY . AMD/GR TO5T
EENEFITS EXFECTED FROM FUTURE RFE EARCH OM THIE ISESULE:

I, REFEREMCES:

FAA-AM-72-4

E, (DFTICNAL) FARTICIFANT MAME? Don de Stelgoers MANC-1151
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IT.

I1I.

IV,

IDEMTIFICATION OF HMUMAN FACTORE ISSUES IN AVIATIONS
EIOMEDICAL AND EBEMAVIORAL FACTORE

TITLE OF ISSUE OR GUESTIONI

. or = — ave - way v s e awm sey Bes R s J e
2l mre rosegroen Tindlnss

G

Iz resesrch as 'bv11cab1 g8 ~0
availeble to creretional reorlel

SUMMARY OF ISESUE CR QUESTION:

Manw times reorle who have Lo u:e gauilrment or wrucedur"”

develored in reseavrch have 1itt imput into whel is beins
researched. In gddition: rese dFCh findings are not re inlS
zcocessible or easilw understood be these prerationsl reorlie.

RATE FRIDORITY OF RESEARCH OM THIS ISSUE A2 IT RELATES TO
AVIATION SAFETY.

"EXTREMELY HIGH MODERATE LOW EXTREM
HIGH i

SUFFLEMENTARY INFORMATION,
A, EVYIDENCE FOR IMFORTAMCE OF ISSUES!

There is misunderstanding of wse of 02 eaulrments brsce
for imrsct positionsy snd imelicetioms of sest deslEin.

This iz slsco ev1d* ced bu rporpulsritz of eretecticn snd

survival wcrkbho e conducted be AAC-117 for orersltionsl
reorles reauest for imformetion, eto.

E. FUTURE RESEARCH FROJECTS MEELED REGARDING THIS ISSUE!

Anzlusis of ’"~’n-' ; identesinsrector rerorts sre
rnegded to #r a up—~to-date informetion regsrding

cabim discre el rrobhlens,

C. AFFLICATIOM OF FINDIMNGS - SAFETY» EFFICIENCY, ANI/OR COS
REMEFITE EXFECTED FROM FUTURE RESEARCH OM THIZ IBBUES

Identification of zcotusl safelw Prﬁhlems ang Lrends in
58T L

order to ma2ke rel measnimstul end sesliceble will Lo
irlines to mu!& due of rezsear

) 1
costl hmwnftrlalv emabling 2
weterizls helrs meke treining more cosl ber wlicisl and
mesninsful.
I, REFEREMCES:

E, (OFTIONAL) FPARTICIFANT MAME! Donell Follord
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I.

I1.

III.

Iv.

Title of Issue or question:
Crash Injury Potential of Seat/Restraint Systems.

Summary of Issue or question: o
Seats/restraint systems are presently tested statistically. This is an

outmoded method and provides very little information about crash
injury. Testing needs to continue to discover and establish
parameters to be used for dynamically testing seats/restraints for
certification for use in air craft.

Rate priority of research on this issue as it relates to aviation safety.

/| XXXy / /

Extremely High Moderate Low Extremely low
High

Supplementary information.

A. Evidence for importance of issues:
Cabin Safety Data Bank, Accident History and sled test research indicate

that many times there is little correlation between strength as statis-

tically determined and actual performance in crash situations, especially
pertinent to injury causation. In addition, dynamic testing might make

possible use of flexible, lighter weight materials thus reducing the
weight penality imposed By seats.
B. Future research projects needed reguarding this issue:

Continuation and additional emphasis.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

See A, reduction of weight.

D. References:

E. (Optional) Participant name: Donell Pollard

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I.

II'

III.

Iv.

Title of Issue or question:
What are the variables which influence passenger eggress.

Summary of Issue or question:
Further study needs to be conducted to ascertain the effects

of such things as lighting, cabin debris, aisle width, seat
pitch on evacuations under emergency conditions.

Rate priority of research on this issue as it relates to aviation safety.

/ /[ XXX / /

Extremely High Moderate Low Extremely low
High

Supplementary information.
A. Evidence for importance of issues:

Evidence in Cabin Safety Data Bank, Accident Histories that many
variables may influence passenger eggress.

B. Future research projects needed reguarding this issue:
Extension of present research findings.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Possibly advancing time when computer modeling could be used for

aircraft certification.
D. References:

E. (Optional) Participant name: Donell Pollard

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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QUESTIONNAIRES DISTRIBUTED IN WORKSHOP D, MEDICAL ASPECTS OF AIRCRAFT
ACCIDENT INVESTIGATION
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g of mese cssuslty zccidente.
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or of things is we=zet znd manu rrroblems surface. There ic
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computer program woulds
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Fication FUOCESS.
y e the sccumulation: storing angd verificetion of
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T Simplife the Identificetion and sepparation of the remains
of the crew of the zirslsneg in & macs ecegeuzlhte sccident.

&Y Mazke it @ simerler Frocess to record the sntemortem and
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=zt locations.,
monew Tor it woueld shorten the time involved in the

irvestigetion s rocose.

EATE FRIORITY OF RESEARCH ON THIS ISSUE AU 1T RELATES TOC
[} A - b

Z e e S SR 4 el el s el

EXTREMELY | i MODERMATE LOW EXTREMELY
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I,

E.

AFFLICATION OF FINIINGS —~ SAFETYSs EFFICIENCY, ANL/OR casT
BENEFITS EXFECTET FROM FUTURE RESEARCH ON THIS 15SuEe:

The senerszsl Fublic would benefit for simrlified techniauee
would he develored to assist the loczl Coromer or Medical
examiner minimize misidentifications, Whern an accident
oecurs in 2 srarcelu Forulated arez the NTEE arnd the Faa
would he ip =z better rosition to be of sgeistance to those

at the scene. Bodies could pe Frocessed raridle and returned
to the bereaved sooner to helr lessen their ecorrow,

The entire In Frocess could be handled more efficiemtle

and costs reduced, Wher this ture of Program is utilized

in 8 Commuter or Alr Taxi zecident the medical zng toxicol oo
information could be more comsletelu documented,

REFEREMNCES!
Rerorts, discussionsy snd Fersonsl communications regerdims
Identification Froblems st the scene of mass casualte accidents

that have occured within the last Tive vears identify the
need for this ture of 2 rrogrem.

Participant's Name: Curtis A. Mertz, D.D.S.
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:

With decreasing numbers of military pilots in the civilian community because of
Tong military retention of its pilots, will the GA accident rate increase?

I1. Summary of Issue or question:
Most airplane pilots and many commercial pilots have military backgrounds.
Fewer pilots are leaving the services. Therefore, commercial and airline flying
w]11 rely more heavily on the available supply of civilian trained aviators.
Will this have an unfavorable effect upon civilian accident rates:

I1I. Rate priority of research on this issue as it relates to aviation safety.
/ /X w o /
Extremely High Moderate™ Low Extremely low
High
Iv. Supplementary information.

A. Evidence for importance of issues:
The evidence needs to be developed to see if this is or is not a problem.

B. Future research projects needed reguarding this issue:

An acci@ent_s@uqy is required to determine the efficiency of a military back-
grougd in civilian accident prevention. If military trained pilots have a lower
accident rate during a civilia i i1d ini
C. Application of I-gindings - afceag‘)?,ereftplecnies&n)?;thggg/g{og]ogpebggééﬁég‘ghgr?;n;ng
expected from future research on this issue: u e

: : included 1in
Possibly lowered accident rates. the civiliar

training.

D. References:

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
The Psychology of the Co-pilot Takeover from the Captain

II. Summary of Issue or question:
Apparently, too few pilots flying the airplane as co-pilot are willing to take
over control even when the aircraft is evidently outside of acceptable para-
meters. The need for assertiveness has been made evident in a significant number
of airplane accidents. In addition to the assertive training called for by the
NTSB, another means may be developed to promote the takeover without loss of
prestige by the Captain (of co-pilot, in some cases).

I1I. Rate priority of research on this issue as it relates to aviation safety.
X [/ / / /
Extremely High Moderate Low Extremely low
High
1v. Supplementary information.

A. Evidence for importance of issues:
The accidents in Partland, Oregon, the accident in the Gulf of Mexico, and
numerous other landing accidents are mute reminders of this need.

B. Future research projects needed reguarding this issue:
Develop the approach path as a system with no prestige loss for the takeover
of control by the non-flying pilot anytime the aircraft and approach system

is out of rigidly preset limits.
C. Application of Findings - Safety, efficiency, and/or cost benefits

expected from future research on this issue:
Accident prevention and loss of Tife speaks for itself.

D. References:

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Airport Contribution to Accidents

II. Summary of Issue or question:

Epidemiological studies are needed of airports to determine which if any are
implicated in accidents. Certain aspects seem to be SO related. Over water

takeoffs in light aircraft seems to be one such factor.

III. Rate priority of research on this issue as it relates to aviation safety.
/ X / / /
Extremely High Moderate Low Extremely low
High
1v. Supplementary information.

A. Evidence for importance of issues:

New Orleans Lakefront airport is notorious for disorientation accidents in
G/A aircraft. Kansas City was a problem for air carriers landing short and

striking the surrounding dykes. Some are a problem because of summer
density altitudes.

B. Future research pProjects needed reguarding this issue:
A long-term epidemiological study of all nations' airports is required.
Proper factor analysis, the relation to accidents can be developed.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:
The offending airports can be modified and others can benefit from the

experience so gained. New airports can be designed without these traps
in the development.

D. References:
Daugherty et al

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

II.

III.

Iv.

Title of Issue or question:
Who has what legal responsibilities at the scene of an accident?

Summary of Issue or question:

The answers to this question are reasonably weeél known, i.e. the NTSB has sole
Federal responsibility. However, outside of Federal circles, the answers are
seldom known. Most local and state authorities need to be made aware clearly
of this fact and of the limitations placed on them in the case of an aircraft
accident. Much valuable information is often lost by premature "do gooders"
who inadvertently destroy information-or muddle it which creates difficulty.
Rate priority of research on this issue as it relates to aviation safety.

/ X I / /

Extremely High Moderate Low Extremely low
High

Supplementary information.

A. Evidence for importance of issues:

Few, if any, coroners and medical examiners really understand that they do not
have primary jurisdiction in the case of an aircraft accident. This has
resulted in the destruction of valuable accident investigation information

and even competition in some cases as to who can do what?

B. Future research projects needed reguarding this issue:

A publication detailing these responsiBi]ities and actions should be sent to
the coroners and medical examiners of every county in the U.S.A. The problem

will not be solved but it can be minimized.
C. Application of Findings - ggfety, é??iciency, and/or cost benefits

expected from future research on this issue:
Ease and speed of accident investigation will be facilitated.

D. References:

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:

The Mass Casualty Problem

II. Summary of Issue or question:
No jurisdiction is really ready for mass casualties. This has been shown in
New York, Chicago, San Diego, and Teneriffe. The experience of those involved
should be collated and developed in to a planning guide. Just the logistical
problems alone are staggering and not properly considered until too late. '
However, the experience is available if it can be drawn together.

III. Rate priority of research on this issue as it relates to aviation safety.
/ / X / /
Extremely High Moderate Low Extremely low
High
Iv. Supplementary information.

A, Evidence for importance of issues:

No one is of the opinion that another mass casualty accident will never occur.
It is only a matter of time. In that case, few airports are really ready

in spite of periodic exercising of plans. Almost none have any plan for
autopsies, body bags, stakes, reefers for body storage, x-rays for dental
identification, etc. However, the requirements are known by those with the

B. Future research projects needed reguarding this issue: experience.
A "literature" search should provide the information needed for such a guide.
Admittedly, the market for such a guide is small but it is important.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Expediency in gathering and organizing the supplies necessary can assist
in minimizing costs of accident investigation.

D. References:

Kirkham, INA, Wick, etc.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
‘P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: DBIOMEDICAL AND
BEHAVIORAL FACTORS:

I, Title of Issue or question:
Passenger Identification Responsibilities: Moral, Ethical, Legal

II1. Summary of Issue or question:
In the last several mass disasters, the problem of passenger identification was
extreme, acute in time pressure, and difficult technically. Can better organiza-
tion and planning improve the problems which arose? In particular, should a
coordinated plan be developed for cooperation between dental experts, finger-
print teams, personal effects teams, and anthropologists which might eliminate
some confusion which is characteristic of such events?

III. Rate priority of research on this issue as it relates to aviation safety.
/ / X /
Extremely High Moderate Low Extremely low
High
Iv. Supplementary information.

A. Evidence for importance of issues:

Haste has been a problem which brought together separate elements of forensic
teams which were therefore uncoordinated. Had a plan been in existence, the
effort shou]d.have been quicker and with less duplication. This would have
speeded_1dent1fication process, saved time, and been less expensive and less
traumatic to families.

B. Future research projects needed reguarding this issue:

What organizational notification plan can be developed to integrate the
jdentification elements?

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

This is expected to ease the legal problems involved with major accidents
as well as solve moral and ethical problems resulting from questionabie
presence on aircraft of deceased. Positive and quick identification eases all

D References:
. these problems.
Kirkham et al P

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-~118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
The Use of Dental Records in Victim Identification

II1. Summary of Issue or question:
Aircraft accidents in which fire plays a major role present a significant
problem in victim identification. Improved means of locating dental records
quickly are needed. Aircrew members may well benefit by having Pannorex
films on file at their bases.

III. Rate priority of research on this issue as it relates to aviation safety.
/ / / X /
Extremely High Moderate Low Extremely low
High
1v, Supplementary information.

A. Evidence for importance of issues:

This is not directly a safety prevention issue. However, it is relevant since
location and identification of the crew member or members does play some role
in accident investigation. Following a fire, the use of dental records is
probably the single most helpful identification tool. It is in some cases the
only means available.

B. Future research projects needed reguarding this issue:

Should dental information be recorded on FAA records? Is this feasible?

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Considerable time can be saved during an accident investigation which permits

prompt information about which tissue is that of crew. This in turn permits

accurate information to be gleaned about presence or absence of other medical

D. References: factors (e.g. infarcts on part of pilots, etc.) found in crew
remains.

Kirkham et al
E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
The Role of Alcohol and Other Drugs in Aircraft Accidents

II. Summary of Issue or question:
While there is some probability regarding the role of alcohol in fatal and
non-fatal accidents, this should be clarified. Equally important, the role
of common street drugs and especially marijuana should be investigated.

III. Rate priority of research on this issue as it relates to aviation safety.
/ X / / /
Extremely High Moderate Low Extremely low
High
1v. Supplementary information.

A. Evidence for importance of issues:

Reports indicate that alcohol plays a role in from 8% to 50% of the fatal
aircraft accidents. This wide variation should be pinned down. Unknown,
however, is the role of common street drugs including the cannabis drug so
popular at present.

B. TFuture research projects needed reguarding this issue:
Easy method for determination of presence or use of cannabis.
Representative sample of all accidents to determine rate of occurance following

alcohol and drug use.
C. Application of Findings - Safety, efficiency, and/or cost benefits

expected from future research on this issue:
The cannabis work should have application in auto accidents as well as in
ajrcraft. It may also have some relation to industrial accidents.

D. References:

Harper et al, Mohler et al, Wick et al in Aerospace Medicine. See Bill Collins
for a good bibliography.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Shoulder Harness Use in Commuter and G/A Aircraft
II. Summary of Issue or question:

There are numerous anecdotal reports of individuals injured in crashes in which
the flight crew, was uninjured and were the only occupants wearing shoulder
harnesses. Can\occupants of these aircraft be fitted with shoulder harnesses
or must this be' restricted to the flight crew?

III. Rate priority of research on this issue as it relates to aviation safety.
/ / X / /
Extremely High Moderate Low Extremely low
High
Iv. Supplementary information.

A. Evidence for importance of issues:
Compression fractures of the spine are one such problem resulting from lack of
shoulder harnesses on all occupants when a sudden deceleration occurs.

B. Future research projects needed reguarding this issue:
This will require a joint project with structural engineers to determine
if it is feasible to install such shoulder harnesses.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:
Reduced injuries should result.

D. References:

Kirkham, Wick, Snyder, personnel communication

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.-0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
The Vertical Component of Crash Injury Impact

II. Summary of Issue or question: . .
This is related to seat structure but includes aircraft structure and seat

mountings. Many general aviation accidents and some air carrier accidents
as well involve high vertical descent rates at impact. The result is com-
pression fractures of the spine. Suitable crushable and slow deforming
structures under the seats could prevent these injuries which often other-
wise result in transections of the spinal cord.

IIT, Rate priority of research on this issue as it relates to aviation safety.
/X / l” /
Extremely High Moderate Low Extremely low
High .
IV. Supplementary information.

A. Evidence for importance of issues:
A substantial number of the fatalities in GA have ruptured organs and
structures as well as compression fractures and basilar skull fractures.

B. Future research projects needed reguarding this issue:
Continued work on crushable structures which slow the "G" loading on
the spine and to the various viscus structures prone to decelleration injuries.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:
Decreased mortality and morbidity.

D. References:
Autopsy reports following accidents.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Has seat design been optimized for crash injury protection?

II. Summary of Issue or question:

A significant number of injuries are caused in otherwise survivable accidents
when the seats fail, collapse, tear loose, or otherwise inflict injuries upon
the occupants. Seat design improvement is still needed to prevent these

types of injuries. This 1is applicable to both air carrier and general aviation

aircraft. The design of GA seats has in Some cases not improved in more
than 40 years.

III. Rate priority of research on this issue as it relates to aviation safety.
/ X 4 / £
Extremely High Moderate Low Extremely low
High
IV, Supplementary information.

A. Evidence for importance of issues:

In GA aircraft, the stall spin accident is still one of the more prevalent
accident types. Impact involves both latera] and vertical decelerations.
In many cases, the aircraft is relatively undamaged but the occupants die
because the seat structure does not contain them within the aircraft nos
spread the impact over time in a satisfactory manner.

B. TFuture research Projects needed reguarding this issue:

1. Survey seat construction currently in use.

2. Correlate injury with seat construction.

3.

Develop prospective study for redesﬂgn and rep]ag;ment of unsatisfactory seat.
C. Application of Findings - Safety, ef iciency, and/or cost benefits

expected from future research on this issue:
Decrease in mortality and morbidity with Tessened trauma.

D. References:

Snyder many publications.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Pregnant Passengers and the Use of Seat Belts.

II. Summary of Issue or question: | )
Do seat belts cause injuries in the case of pregnant passengers either to the

mother or the fetus? This question is commonly asked but there is little or
no definitive information available to speak to it. This should be the
subject of a retrospective study which can include aircraft and surface
transportation accidents when searching for the answer.

III. Rate priority of research on this issue as it relates to aviation safety.
/ / X/ X /
Extremely High Moderate Low Extremely low
High
Iv. Supplementary information.

A. Evidence for importance of issues:

The U.S. air carrier industry transports about 300,000,000 passengers each
year. They are largely unscreened from a medical standpoint and included
in this group are significant numbers of mothers-to-be.

B. Future research projects needed reguarding this issue:

This can be a reasonably low budget study involving followups after accidents

and rapid decelerations. It does not need to make use of any prospective

techniques which would ethically be unsuitable.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Should injuries be found or other untoward medical events, a redesign of

seat belts may be needed or education about the placement may be sufficient.

Special padding may also be a solution for pregnant females.

D. References:

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Post Crash Investigation of Instrument Reading Errors

II1. Summary of Issue or question:
There are still at least four different types of altimeters in common use
although at least three have been shown to be incriminated in a significant
number of unwarranted descents to ground contact. A definitive study is
needed to resolve the problem of altimetry and altimeter presentations.

III. Rate priority of research on this issue as it relates to aviation safety.
[ X / / /
Extremely High Moderate Low Extremely low
High
IV, Supplementary information.

A. Evidence for importance of issues:

Unwarranted descent through errors in altimeter reading are common, serious,
and result in accidents. Several other incidents have occurred which did
not result in accidents only by mere chance.

B. Future research projects needed reguarding this issue:
Resolve single pointer, drum, three pointer controversy.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Elimination of instrument reading errors, particularly errors in reading

the altimeter which should minimize ground strikes due to inadvertent

descents.

D. References:

NTSB Accident and Incident Reports.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P-.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question:
Is It Necessary to Investigate All Aircraft Accidents?

IT1. Summary of Issue or question:
The difference between an accident, fatal or not, and an incident is often
small and at times almost a matter of chance. At the present time, accident
investigation is more random than organized. A very thoroughly investigated
significant sample of accidents should provide more useful information than
the current random and haphazard investigations.

I1I. Rate priority of research on this issue as it relates to aviation safety.
/ / X / /
Extremely High Moderate Low Extremely low
High
1v. Supplementary information.

A. Evidence for importance of issues:
No definitive information is available about the number of accidents which
result from physical incapacitation of the pilot. This is needed but can be
obtained by a good autopsy series. A similar series is needed to obtain data
on the number of suicides in aircraft. This too can probably be obtained
by good psychological accident investigation.
B. Future research projects needed reguarding this issue:

Organization of investigation teams to obtain data.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Revision of aeromedical standards as approrpiate should the current examination
thecniques and standards need be altered.

D. References: .
NTSB, FAA reports by Yanowitch.

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P-.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I.

II.

III.

1v,

Title of Issue or question:
Post Crash Investigation of Use of Upper Torso Restraints.

Summary of Issue or question:
There is little information available concerning the actual findings in the
case of shoulder harness yse in aircraft accidents. Some misinformation
clouds the issue. Studies should be instituted in air carrier and commuter
aircraft in which Crew injuries are looked at vis a vis passenger injuries
who were not wearing upper torso restraints. To s me extent automobile
accident data might also be useful.

Rate priority of research on this issue as it relates to aviation safety.

/ / X / /

Extremely High Moderate Low Extremely low
High

Supplementary information.

A. Evidence for importance of issues:
It has been the personal experience of a number on this committee that accidents
have occurred which should not have resulted in any injury but instead fatal

readily apparent. It should be.
B. Future research Projects needed reguarding this issue:

With these data, an intense educational effort can be instituted which will
éncourage the use of those shoulder harnesses which are now available.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue:

Decreased morbidity and mortality from head injuries and from flexion.

D. References:
Synder R.G. various

E. (Optional) Participant name:

Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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Local 553 - Hin gmmpozt Division

5705 N.W. 38th Street Transport Workers Union
Miami Springs, Florida 33166 ot America
Telephone {305) 871-3692 AFL-CIO
Patricia Fink ...,ﬁ{.a;g,,_ Dorothy A. Payne
President = Financial Secretary-Treasurer
Jeanne Notaro wm. J. Redford

Furst Vice President international Vice President
Transport Workers Union

August 12, 1981

Dr. Henry W. Mertens
FAA/CAMI, AAC-118

P. 0. Box 25082

Oklahoma City, OK 73125

Dear Dr. Mertens:

Enclosed are suggestions for areas that I feel that CAMI can do some
very constructive and timely research in the areas of cabin safety. Most of
these topics were touched in the Cabin Safety group during the 5th Human
Factors Workshop held at CAMI recently, which I attended.

Our union represents over 6500 Easter Air Lines Flight Attendants and
feel that these areas are a concern to all the airline industry and have far
reaching impacts, both economical and safety, to airlines, passengers, and
crewmembers.

I also want you to know that I was extremely pleased about the recent
Human Factors Workshop on Cabin Safety, and I hope FAA deems it appropriate
to maintain workshops such as these in the future. I was very enlightened
during the three day workshop by the various participants in all the workshops.

Please note, also, our change of mailing address, which is as follows:

TWU Local 553, Air Transport Division
7370 N. W. 36 Street Suite 412
Miami, FL = 33166

(305) 592-9390

Thank you for your time and consideration.
Yours truly,
Larry Robinson
Safety Chairman
TWU Local 553

Air Transport Division

LR:cr
OPEIU #128
AFL-CIO
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

I. Title of Issue or question: BIOMEDICAL AND BEHAVIORAL EFFECTS OF REDUCED
ATIR EXCHANGE RATES IN TRANSPORT AIRCRAFT ON SUBJECTS REPRESENTATIVE OF FLIGHT
ATTENDANTS.

1I. Summary of Issue or question: Reduced Air Exchange Rates per person presently
occur on transport aircraft due to increased passenger capacities and reduced
pressurization pack operations in order to increase revenues and reduce fuel
consumption. The subsequent reduction of per person air exchange rates could
potentially affect the non-sedentary flight attendant in an adverse manner.

III. Rate priority of research on this issue as it relates to aviation safety.
xooooxxx/ / / /
Extremely High Moderate Low Extremely low
High
IV, Supplementary information.

A. Evidence for importance of issues: Sgme as above in II.

B. Future research projects needed reguarding this issue: Pressure chamber
tests with subjects representative of flight attendant crewmembers.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue: Findings could affect
significantly aircraft design and operations of pressurization systems.

D. References: None

E. (Optional) Participant name: Larry Rohinson - Safety chairman
TWU Local 553, Air Transport Div.

7370 N.W. 36th St., Miami, FLA 33166
Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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IDENTIFICATION OF HUMAN FACTORS ISSUES IN AVIATION: BIOMEDICAL AND
BEHAVIORAL FACTORS:

i, Title of Issue or question: Appljcability of Shoulder/Lap Restraint Systems
for Air Transport Aircraft Passengers.

II. Summary of Issue or question: Due to changes in passenger seat design,
mainly in pitch and incline, the potential for impact injuries to passengers on
transport category aircraft is increased. Relevant and timely research in
this area is greatly needed.

III. Rate priority of research on this issue as it relates to aviation safety.
XXXXXXXX / / / /
Extremely High Moderate Low Extremely low
High
IV, Supplementary information.

A. Evidence for importance of issues: pagt CAMI research in seat designs
identifies that impact injury potential increases as reduced pitch and incline
of passenger seats occur. The crashworthiness of the seat/restraint system/passenger
unit in the new pitch/incline configurations need relevant and timely research
in order to maintain a reasonable level of safety for the traveling public.

B. Future research projects needed reguarding this issue: Dynamic sled
testing at 6, 9, and 12G levels is deemed appropriate.

C. Application of Findings - Safety, efficiency, and/or cost benefits
expected from future research on this issue: pgap rulemaking and

TSO standards can be derived from information, data, and insight revealed by
this research.

D. References: None

E. (Optional) Participant name: Larry Robinson - Safety chairman
TWU Local 553, Air Transport Div.

7370 N.W. 36th St. Miami, FILA 33166
Please return by Aug 9,1981

TO: Dr. Henry W. Mertens
FAA/CAMI, AAC-118
P.0. Box 25082
Oklahoma City, OK. 73125
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LIST OF ATTENDEES
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LIST OF ATTENDEES

Fifth Human Factors Workshop
on Aviation

Mr. Anthony Adamski
Chrysler Corp.

Box 824

Willow Run Airport
Ypsilanti, MI 48197

Mr. Dominck A, Alfieri
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