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Chapter 6

The Human Factor in Commercial Aviation

The people who operate and support the U.S.
aviation system are crucial to its safety; the resource-
fulness and skills of crewmembers, air traffic con-
trollers, and mechanics help prevent countless mis-
haps each day. However, despite the fact that the
total accident rate for large jets declined over the
past decade, the National Transportation Safety
Board data show that the rate of accidents involv-
ing pilot error did not change (see figure 6-l). Pol-
icy, procedures, or technology designed to reduce
human error would substantially influence safety,
as human error is a factor in over 65 percent of com-
mercial aviation accidents.

An analysis of major accidents involving large,
commercial transports, identified flight crew errors
as the leading significant causal factors in these ac-
cidents , l For accidents having multiple causes

‘Richard L. Sears, “A New Look At Accident Contributors and the
Implications of Operational and Training Procedures,” Influence of
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SOURCE: Office of Technology Assessment based on National Transportation
Safety Board data, 1975-85. Data from 1986 and 1987 are not yet
available.

(over 70 percent in this analysis), reducing the likeli-
hood of one causal factor reduces substantially the
overall probability of the accident occurring. As
shown in table 6-1, flight crew causes predominate,
although other human errors are elements of many

Training, Operational and Maintenance Practices on Flight Safety,
Proceedings of the Flight Safety Foundation’s 38th Annual Interna-
tional Air Safety Seminar, Nov. 4-7, 1985 (Arlington, VA: Flight Safety
Institute, 1985).

Table 6-1 .—Significant Jetliner Accident Causes
in 93 Major Accidentsa Worldwide, 1977.84

Percent of
Causal factor accidents

Flight crew causes:
Pilot deviated from basic operational

procedures. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inadequate crosscheck by 2nd crew member. . .
Captain did not respond to crew inputs . . . . . . .
Crews not conditioned for proper response

during abnormal conditions . . . . . . . . . . . . . . . .
Pilot did not recognize the need for

go-around . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Deficiencies in accepted navigation

procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pilot incapacitation . . . . . . . . . . . . . . . . . . . . . . . . .
inadequate piloting skills . . . . . . . . . . . . . . . . . . . .
Pilot used improper procedure during

go-around . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Crew errors during training flights . . . . . . . . . . . .
Pilot not trained to respond promptly to ground

proximity warning system command . . . . . . . .
Pilot unable to execute safe landing or go-

around when runway sighting is lost . . . . . . . .
Operational procedures did not require use of

available approach aids . . . . . . . . . . . . . . . . . . . .
Captain inexperienced in aircraft type . . . . . . . . .

All other causes:b

Design faults. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Maintenance and inspection deficiencies . . . . . .
Complete absence of approach guidance . . . . . .
Air traffic control failures or errors. . . . . . . . . . . .
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Weather information insufficient or in error . . . .
Runway hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Air traffic control/crew communication

deficiencies , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Weight or center-of-gravity in error. . . . . . . . . . . .
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4
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3

3

3

3
3
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12
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9
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6
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aA major accident involves either a fatality Or a hull  loss.
blncludes other human errors, equipme-nt failures or problems, weather,

maintenance, and airport facilities.

SOURCE: Office of Technology Assessment based on Richard L. Sears, Boeing
Commercial Airplane Co., “’A New Look at Accident Contributors and
the Implications of Operational and Training Procedures, ” Influence
of Training, Operational and Maintenance Practices on flight Safety,
Proceedings of the Flight Safety Foundation’s 38th Annual internation-
al Air Safety Seminar (Arlington, VA: Flight Safety Foundation, Nov
4-7, 1965), pp. 29-51.
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of the remaining causes. OTA analyses of accident
data (see chapter 5) found that human errors initi-
ate over half of U.S. jetliner accidents. Addition-
ally, OTA found that most of the fatal accidents
caused by aircraft component failure also involve
human error.

Post-accident investigations usually uncover the
details of what happened. In the case of mechani-
cal failures, accident data analysis often leads logi-
cally to why the accident occurred. It is much more
difficult to determine the precise reason for human
errors. Without an understanding of human be-
havior factors in the operation of a system, preven-
tive or corrective actions are impossible.

Human factors understanding is especially impor-
tant to systems in which humans interact regularly
with sophisticated machinery and in industries
where human error-induced accidents can have cat-
astrophic consequences. However, human factors
is not treated as a “core” or “enabling” technology

in commercial aviation. Technical decisions for air-
craft design, regulation, production, and operation
are based on “hard” sciences such as aerodynamics,
propulsion, and structures. Human capabilities do
not lend themselves readily to consistent, precise
measurements, and human factors research requires
much more time and cooperation than most other
aeronautics research.2 Data on human perform-
ance and reliability are regarded by many techni-
cal experts as “soft,” and receive scant attention in
some aviation system designs, testing, and certifi-
cation. When data are used in designs, it is often
after the fact. This chapter explores areas of avia-
tion safety where human factors are especially im-
portant and evaluates Federal programs to address
human factors in accident prevention.

‘R. Curtis Graeber, National Aeronautics and Space Administra-
tion Ames Research Center, in U.S. Congress, Office of Technology
Assessment, “Transcript of Proceedings–OTA Workshop on Human
Factors in Commercial Aviation Safety,” unpublished typescript, May
28, 1987.

HUMAN ERROR

The role of the human in an aviation system is
complex; thus the nature of human errors, from
mental to physical, in aviation accidents varies
widely. Mental or cognitive errors can include im-
proper judgment or decisionmaking, while physical
errors may stem from motor skill deficiencies or
equipment design. A combination of physical and
mental processes may influence other kinds of er-
rors, such as those involving communication, per-
ception, or alertness.

Many types of human error are systematic, fol-
lowing certain predictable patterns; once these pat-
terns are identified, countermeasures can be devel-
oped. For example, accidents due to pilots’ forgetting
to extend landing gear have been virtually elimi-
nated in commercial operations by the introduction
of cockpit warning devices.

Much of the discussion in this chapter focuses on
fundamental human factors: how the interactions
of people, machines, and environment influence the
performance capabilities of physically fit, emotion-
ally stable, human operators. However, management
practices, such as labor relations and work schedul-
ing, also affect employee stress and fatigue. While

conditions that affect a person’s fitness and mental
health generally influence his performance limita-
tions, little is known about the magnitude of this
relationship. Concerns about aviation management
practices are addressed later in this chapter.

For those types of human error that do not fol-
low predictable patterns, intervention techniques
and limitation methods are difficult to develop. Fur-
thermore, any change to a complex system like avia-
tion safety can have wide-ranging and often unpre-
dictable effects; thus, there are few simple solutions
to the problem of human error-caused mishaps.
Nonetheless, the options fall into two main cate-
gories: preventing or limiting the number of errors,
and compensating for errors that occur. This sec-
tion will outline the methods used or available at
present and serves as the basis for later discussion
of many needed changes in Federal human factors
policies.

Preventing Errors

While preventing all human error is impossible,
error rates can be reduced. In aviation, as in other
fields, rules and procedures are used to limit errors
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by modifying or restricting human behavior through
standards governing personnel qualifications, oper-
ating rules, and equipment design.

The first and basic step in minimizing error is em-
ployee selection—allowing into the system only those
operators least likely to make mistakes. Airline pi-
lots and air traffic controllers must meet prescribed
health, age, and training requirements and pass writ-
ten and operational tests of skills and knowledge.
For the select group that survives the culling, con-
tinued quality is maintained through training and
monitoring. Indeed, Federal regulations require the
periodic testing of flight crewmembers to check re-
sults of training and operational experience, includ-
ing flight proficiency and system knowledge. Pilots
and controllers are also monitored through required
periodic medical examinations, possibly including
drug and alcohol testing in the near future. ]

Potential errors can be forestalled by restricting
human behavior. Careful control of the operating
environment is the most wide-ranging of the meth-
ods for addressing human error in aviation. Fed-
eral regulations in this area address airline proce-
dures such as pilot flight-time, emergency operations,
and the use of checklists. Air traffic rules, includ-
ing instrument approach and departure procedures,
separation standards, and weather minimums set
operational limits for users of the National Airspace
System.

Training, monitoring, and operating rules are not
enough, however, if the environment is poorly de-
signed. “If human factors engineering is done prop-
erly at the conceptual and design phase, the cost
is high, but paid only once. If training must com-
pensate for poor design, the price is paid every
day.” 4 The Federal Government has the responsi-
bility for setting appropriate standards for aircraft,
airports, and navigation aids. Ideally, equipment is
designed to reduce, not induce, human error.

To be optimally effective, these methods for con-
trolling human behavior must be preceded by an
understanding of the root causes of human error.
However, this is an area still in need of much work.

JDrug and ~lcoho[  testing is used currently at some air traffic con-

trol facilities.
4Earl  L. Wiener, “Cockpit Automation,” to be published in Human

Factors in Aviation, E.L. Weiner and D.C. Nagel (eds.) (San Diego,
CA: Academic Press, forthcoming), draft chapter, Mar. 23, 1987.

Most of the Federal Aviation Regulations (FARs)
aimed at limiting human error are based primarily
on past regulatory experience, not on scientific evi-
dence. While previous experience is of course im-
portant, it is often insufficient or inappropriate in
a changing environment. Recent technological de-
velopments, such as cockpit automation devices and
displays, have outpaced the Federal Aviation
Administration (FAA) regulatory process.

Compensating for Errors

An alternate approach to addressing human er-
ror assumes that errors will occur and then miti-
gates or nullifies them. Central to this method is
an understanding of what errors occur; such infor-
mation is provided by accident and incident inves-
tigations, which usually identify the human errors
involved. Successful ways of compensating for
known human errors entail changes to vehicles,
equipment, or the environment. Modifying human
behavior, even with respect to known types of hu-
man error, is a preventive measure as discussed in
the previous section.

Monitoring of some type is often involved in
negating errors. Warning devices are ubiquitous in
jetliner cockpits and have proven invaluable. For
example, the ground proximity warning system, re-
quired under FARs in 1975, has essentially ended
controlled flight into terrain accidents by U.S. car-
riers. However, alerting systems or other devices may
cause, as well as solve, problems. Excessive false
alarms unnecessarily distract operators and may lead
to the device being ignored or disabled. Conse-
quently, a full system approach is required for all
human error solutions.

Outside monitoring of airline flights is accom-
plished through the Federal air traffic control (ATC)
system. Air traffic controllers detect gross naviga-
tion and guidance errors and provide useful infor-
mation on weather and airport conditions to flight
crews. En route controllers, in turn, are automat-
ically monitored—ATC computers record the sep-
aration between aircraft under positive control and
sound an alert if the distance falls below minimum
standards.

On the technological forefront of human error
control are “error-resistant” or “error-tolerant” sys-
tems based on automatic devices similar to those

86-680 - 88 - 5 : QL 3
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Photo credit: Boeing Commercial Airplane Co.

Electronic cockpit displays indicate aircraft attitude,
speed, heading, altitude, navigation, and warnings,

such as windshear.

discussed earlier. The difference is that error-resistant
systems have the additional capability of control-
ling and correcting the pilot’s error. For example,
fly-by-wire technology on the Airbus A-320 prevents
the pilot from exceeding the operating envelope of
the aircraft—on-board computers will not allow the
aircraft to stall or overspeed, regardless of the deflec-
tion of the control stick. However, systems that seize
control are themselves potential sources of error.
Error-resistant systems should not take the place of
error prevention methods, but can serve as the last
line of defense against human errors.

Human Factors Data

Human error must be identified and understood
before appropriate solutions can be proposed. Data
are needed from both controlled laboratory exper-
iments and actual flight operations.

One valuable source of field data is post-accident
analyses. However, such data may result in only
limited understanding of the cause of the human
error, especially if no flight crewmembers survive
or information is restricted because of litigation con-

cerns. Another data source is reports from crew-
members concerning aviation incidents. The Avia-
tion Safety Reporting System (ASRS), administered
by the National Aeronautics and Space Adminis-
tration (NASA) at the Ames Research Center and
funded by FAA, collects such reports and FAA
guarantees anonymity and immunity from enforce-
ment actions to reporters. s ASRS was designed to
gather analytical data, with emphasis on human be-
havior. To assure participants that the data would
be kept confidential, NASA was chosen to host the
system, since it is not a regulatory or enforcement
agency and had experience in human factors re-
search. The program has proven valuable, support-
ing numerous studies by government, industry, and
academia.

ASRS has become so popular with the U.S. avia-
tion community that the average number of reports
has increased from fewer than 800 per month in
1985 to over 1,700 per month in 1987. Until re-
cently, the ASRS budget had not grown, forcing
NASA to divert resources to data processing at the
expense of data analysis and special studies. c For
fiscal year 1988, FAA increased ASRS funding from
$1.5 million to $1.9 million.

While industry and academia have conducted re-
search in selected areas, the only consistent Federal
human factors research effort for civilian flight crews
has been maintained by the Aerospace Human Fac-
tors Research Division at NASA Ames Research
Center. During the past 10 years, research has em-
phasized automation, communications, cockpit re-
source management, use of simulators, visual per-
ception, human sleep needs, and pilot fatigue. In
recent years, FAA has provided only limited sup-
port for NASA’s human factors research and de-
velopment. However, a 5-year interagency agree-
ment was initiated recently and NASA’s Office of
Aeronautics and Space Technology has obligated
fiscal year 1989 funds for human factors research
on aviation safety and automation at Ames and
Langley Research Centers.

FAA has supported selected cockpit research
projects both by NASA and private contractors,

5For  more details on the anonymitv  and immunity provisions of
Aviation Safety Reporting System, see ch. 4.

~William  Reynard,  chief,  A\,latlon  Safety, Reporting System, per-
sonal commumcation,  Jan. 25, 1988.
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and has conducted ATC human factors studies at
the Civil Aeromedical Institute (CAMI), the FAA
Technical Center, and with private contractors.
CAMI, under the guidance of the Associate Ad-
ministrator for Human Resource Management and
the Office of Aviation Medicine, performs research
and evaluation on the influence of sleep patterns,
alcohol, noise, drugs, and age on performance; stress
management techniques; field performance mea-
surement and evaluation (including operational er-
rors); supervisor/manager selection and training;
and job/task analysis for better selection criteria.

Human performance data from actual operations
are difficult to obtain. Flight data recorders, cock-
pit voice recorders, or video cameras could be used

to collect such data. However, pilots and controllers
are sensitive to being monitored and are concerned
about the possible misuse of data, and few objec-
tive measurement criteria have been established.
While laboratory research provides insight into the
effects of automation, aeromedical stressors, and
crew interactions on operational safety, these find-
ings must ultimately by verified in the field. NASA
Ames, in conjunction with the Air Line Pilots Asso-
ciation (ALPA), and some air carriers, has collected
some field data. Additionally, a number of univer-
sity research projects, on topics such as cockpit re-
source management or automation in modern cock-
pits, are based on information gathered directly by
human factors specialists riding in jetliner cockpits.

INDUSTRY AND FEDERAL ROLES IN HUMAN

Growing Concerns

Human factors problems in commercial aviation
are not new: standards for personnel age, health,
training, and work shifts, along with aircraft design
and operation requirements and the ATC system
are all directed at preventing or minimizing human
errors. However, new technologies, Federal regula-
tions and advisories, and industry and union ini-
tiatives have been more effective in preventing other
types of accidents, and the rate of pilot error-
involved accidents has not declined in the past dec-
ade. Additionally, rapid changes in airline operat-
ing and hiring practices and developments in cock-
pit technology have outstripped the FAA regulatory
process. Most of the regulations dealing with hu-
man factors are not based on modern scientific find-
ings, and few have been revised or reassessed in re-
cent years. These problems are presented in detail
below.

Pilot Selection and Training

Rapid expansion of commercial airlines during the
past decade has created shortages in the supply of
qualified pilots. The situation has been exacerbated
by increased retention of military pilots who were
once the mainstay of the airlines (see chapter 5) and
declines in general aviation pilot training. For ex-
ample, the number of new private pilot certificates
issued annually dropped from over 58,000 in 1978

to fewer than 35,000
ALPA statistics indicate

FACTORS

in 1986.7 Additionally,
that the number of airline

pilots reaching retirement age per year will increase
until at least 1999. The large commercial carriers
are increasingly recruiting pilots from the smaller
Part 121 regional and Part 135 commuter airlines,
resulting in rapid turnovers in the regionals’ pilot
work force, greater than 100 percent per year for
some. The training burden on these smaller carriers
is enormous. For example, in 1987, the flight crew
training costs at one regional airline exceeded the
pilots’ salaries.8 Moreover, large and small carriers
alike have been forced to lower their selection cri-
teria for new hires (see chapter 5). FAA is just be-
ginning to address FARs regarding training, experi-
ence, age, or health requirements.

Age and Health.—Given the changes in the oper-
ating environment, the shortages in the pilot sup-
ply, and advances in medical understanding and
technology, the age and health standards for air car-
rier pilots might need refocusing. The rule requir-
ing mandatory retirement at age 60 for air carrier
pilots is one example, since from a medical perspec-
tive, age is a coarse predictor of human capabilities.

‘U.S.  Department of Transportation, Federal Aviation Administra-
tion, FAA Sratjsrjcal  Handbook of A\’iar~on  (Washington, DC: pub-
hshed  annually).

‘J. A. McIntyre, Air Line Pilots Association, personal communica-
tions, Mar. 3, 1988.
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FAA statistics show clearly that general aviation pi-
lots 60 to 69 years old have accidents at twice the
rate of pilots 50 to 59 years of age.9 However, data
are not available on what percentage of retired air-
line pilots continue to meet all the physical and
mental competency requirements for commercial
transport pilots. Questions that need examination
include: what types of medical testing would be nec-
essary to allow these pilots to remain in the work
force? What criteria should be measured and what
is the appropriate frequency of examinations?

While drug and alcohol testing has been widely
discussed and might be required of transportation
workers by the Federal Government, other forms
of on-site monitoring such as testing pilot fatigue
over long flights have rarely been addressed. The
capabilit y exists or is being developed for real-time
monitoring of certain physical and mental parame-
ters of operator health. The potential of these meth-
ods for improving operational safety is unknown,
although it could be substantial in the case of drowsi-
ness, fatigue, or illness. However, the sensitive is-
sue of privacy and other concerns must be consid-
ered and balanced against safety gains.

Experience.—FAR pilot qualifications have been
considered by many to be too low. For example, a
jetliner copilot can meet all requirements with only
250 total hours of flight-time.10 Until recently, this
has not been a concern since the airlines have tradi-
tionally set their own standards much higher than
the Federal requirements. However, while still well
above FAR minimums, the average qualifications
(total flight-time as well as other indicators of ex-
perience) of new pilots are decreasing (see chapter 5).

The rapid expansion of air carriers has also re-
sulted in junior cockpit members advancing to cap-
tain without the “seasoning” that was common in
the past. While pilots formerly spent several years
as flight engineers and then several more as co-pilots
before moving into the left seat, promotion to cap-
tain with only months of experience is increasingly
common at some airlines.11 For example, at one

9Anthony  I. Broderick, associate administrator for Aviation Stand-
ards, Federal Aviation Administration, personal communication, Mar.
31, 1988.

1014 CFR 121.437 (Jan. 1, 1987).
I I progression t. captain  at part  121 air carriers currently takes sev-

eral years on average. John O’Brien, director of Engineering and Air
Safety, Air Line Pilots Association, personal communication, Feb. 29,
1988.

mid-sized commuter, 45 out of 70 captains were in
their first year of employment.12 Additionally, the
replacement of three-person crew aircraft with two-
person crew transports means that newly hired crew
members increasingly receive their initial jetliner ex-
perience as co-pilots.13

Total time, whether hours in a logbook or years
in a crew position, does not give the complete pic-
ture of pilot experience, skill, or quality of training.
For example, full-motion flight simulators or ad-
vanced training devices enable a pilot to meet with
more emergencies and unusual situations in a 4-hour
training session than he may experience on the line
during a 20-year career. However, few measures of
pilot ability other than flight-time have been col-
lected broadly and consistently. Alternative meas-
ures or tests of skill and experience could prove
useful.

Airline Training Programs.–FARs give wide
latitude to carriers with respect to training programs,
and flight simulators and computer systems add
dimensions to the training process. Modern cock-
pit technology has shifted the primary tasks of the
pilots from physically flying the aircraft to manag-
ing it. The adequacy of current training programs
and standards have been questioned; FAA has
stated that the entire pilot training and rating sys-
tem needs reexamining and has initiated a program
to do so.14 Additionally, the importance of early
training and conditioning and their effect on future
pilot performance have not been fully considered
in commercial aviation,15 but are receiving in-
creased attention by several airlines.

Some airlines have implemented training pro-
grams, called cockpit resource management (CRM)
training, which focus on flight crew management
and communication. Line oriented flight training
(LOFT), full mission crew coordination training con-
ducted in flight simulators, is also considered valu-
able by a number of airlines and military aviation
groups worldwide. For example, United Airlines

‘~ McIntyre, op. cit.,“ footnote 8.
i IHoW~ver, the fli@t engineer position  might nOt be effective as a

training base, as many flight engineers have had difficulty transition-
ing to a pilot position. Delmar M. Fadden, Boeing Commercial Air-
plane Co., personal communication, Mar. 1, 1988.

14David Hughes, “Four.year pilot Hiring Boom Creates  Problems ‘or

Carriers,” Aviation Week & Space Technology, Oct. 5, 1987, p. 97.
15 Frank Monastero,  aviation consultant, T.M. Monitor COrP.!  Per-

sonal communication, Feb. 23, 1988.
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Photo credit: The Singer Co Photo credit: National Aeronautics and Space Administration

Ful l -mot ion f l ight  s imulators  re -create  je t l iner  operat ions  so  rea l is t ica l ly  that  p i lo ts  can be  t ra ined in  them and cer t i f ied

wi thout  f ly ing the  actua l  a i rcraf t .

conducts an annual 3-day training and proficiency

checking program using CRM and LOFT. FAA has
supported this type of training by granting waivers
to United and Pan Am, allowing them to reduce
their cockpit crew recurrent training and proficiency
checks to one per year instead of the normal 6-
month check.16 There are yet no data proving that
CRM is effective, and no regulations mandating
C R M .17 However, a Joint Government/Industry
Task Force on Flight Crew Performance, formed by
FAA in August 1987, has drafted an advisory cir-
cular on CRM/LOFT. Research is also underway

by the University of Texas at Austin to evaluate
the effects of CRM/LOFT on pilots at a number
of airlines and military squadrons.18

Type Ratings.–Unlike automobile or truck
drivers, airline pilots must be licensed for a specific
vehicle model. A pilot licensed to fly a B-737 is al-
lowed to fly any version or derivative of the B-737,
provided he is trained on their differences, but can-

“Richard S. Jensen,  Ohio State Unl\’ersity,  “Feasibility Stud} for
the Asse<~ment  of (hckpit  Resource Management Traimng,”  prepared
for U.S. Department of Transportation, February 1987, p. 10; and
O’Brien, op. cit., footnote 11.

‘;Ed Ccx)k, “The  Regulator Horizon,” Cockpit Resource ,+!anage-
ment Training:  Proceedings of the NASA/MAC Workshop, NASA
(Jonferencc  Publication 2455, Harr} W. Orlady and H. Clavton  Foushec
(d<. ) (hloffett  Field, CA: N’ationol Aeronautics and Space Adminis-
tration,  Ames Rmearch Center, 1%7),  p. 178.

“John A. Wilhelm,  The Llnlvers[ty  of Texas  at Austin,  personnel
communication, Fch.  9, 1988.

not fly a B-727 unless he first receives a full course
of instruction, passes a written and flight examina-
tion, and is granted a “type rating” for the B-727.
Type, as used with respect to pilot ratings, “. . .
means a specific make and model of aircraft, includ-
ing modifications thereto that do not change its han-
dling or flight characteristics, . . .“19

Common type ratings of derivative aircraft offer
economic advantages to airlines and manufacturers
alike. It is much less expensive for a manufacturer
to obtain FAA certification for a derivative than
for a new type, since only modifications need close
scrutiny. One benefit is that manufacturers are able
to offer aircraft innovations to the airlines without
developing totally new aircraft. For example, new,
technologically-advanced B-737s and DC-9s, (MD-
80 series) are covered by type ratings issued in the
1960s (supplemented by pilot training on the modifi-
cations).

The manufacturing emphasis on derivatives re-
fleets their popularity with airline management. Fleet
expansion by derivatives instead of different types
usually permits lower crew training costs: less time
is required to train pilots in multiple models and
new simulators are not necessary. Single type fleets
also enable greater flexibility in crew scheduling. The
importance of type considerations is reflected in the

1“14  CFR 1.1 ~an. 1, 1987).
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fact that the only new aircraft types introduced by
a U.S. manufacturer in the 1980s are the B-757 and
B-767, and they have a common pilot type rating.

The safety and economic issues at stake over type
ratings have caused considerable controversy. FAA
certificated the DC9-80 (MD-80) with a two-person
crew, instead of the customary three-person crew,
in August 1980. However, this caused such conten-
tion that a Presidential Task Force had to be estab-
lished. The report of the Task Force affirmed the
FAA decision. The main point of discussion among
the manufacturers, FAA, and the pilots unions still
centers around when two different aircraft versions
are the same type. While handling and flight char-
acteristics are the only type criteria in current reg-
ulations, cockpit changes are a substantial human
factors concern. However, cockpit certification does
not receive the level of quantitative analysis by FAA
as do other aircraft component certifications. Effec-
tively, the cognitive aspects are considered by using
subjective assessments of flight crew workload based
on the judgment of test pilots who rate a new cockpit
as “better” or “worse” than a comparable one.
Quantitative engineering evaluations, such as the
performance criteria used for engine designs, are not
feasible for many aspects of modern cockpits.20

Currently, FAA is developing new standards for
determining separate type ratings. Cockpit design
and pilot training will be prime considerations in
an FAA advisory circular, which is to be issued for
public comment in 1988.

Advanced Cockpit Technology

Automation.–"Automation,” or assigning to
machines or computers physical or mental tasks pre-
viously performed by the crew, is a frequently cited
means of reducing human error. While totally elim-
inating humans from the operational loop is not yet
feasible nor necessarily desirable, partial replacement
is becoming increasingly common. Theoretically,
automation minimizes or prevents operational hu-
man errors by reducing the physical or mental work-
load of the human operator, or by eliminating the
human from an operational control loop. Used
appropriately, automation is a valuable tool; the au-
topilot, a flight-path control device, is one such item.

Automated devices can provide for more efficient
and precise flight operations, but they also require
monitoring and proper setting, areas where people
can and do make errors. For example, digital navi-
gation equipment is susceptible to keyboard entry
or “finger errors. ” Such errors can easily go unno-
ticed by the crew; it is believed that KAL 007 flew
off course because of a keyboard error. z’ A broader

‘(’U.S. Department of Transportation, Federal Aviation Adminis-
tration, Aviation Behavioral Technology Program: Cockpit Human
Factors Research Plan (Washington, DC: Jan. 15, 1985), pp. 20-21.

“Earl  L. Wiener, “Beyond the Sterile Cockpit,” Human Factors, tel.
27, No. 1, February 1985, pp. 75-90.

Photo credit: Boeing Commercial Airplane Co.

In modern cockpit designs (left), electronic displays replace many electromechanical instruments (right), as shown in
these photographs of Boeing 747 cockpits.
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problem is that automatic devices are often installed
one item at a time, especially in older aircraft, with-
out the consideration of the overall pilot-cockpit
system.

There are no FARs relating cockpit automation
to human performance, and no real expertise within
FAA, to address this issue. For example, the ad-
vanced cockpit electronic systems on the Boeing 757
and 767 airplanes required an “equivalent safety”
deviation from current regulations to be certified.22

Automatic devices for the cockpit, which have sub-
tle effects on human performance, are treated the
same as other pieces of hardware in the regulations.
Human error hazard analyses are not required in
the design, test, or certification stages.23 Some
basic standards for cockpit design are included in
FARs, but they do not address technological devel-
opments of the past decade such as CRT displays
and flight management systems. For example, al-
though the use of color has increased in modern
cockpit devices, FAA has set standards only for
warning, caution, and advisory lights. There are no
rules governing other uses.

Participants at OTA’s Workshop on Human Fac-
tors in Commercial Aviation Safety stressed that
the use of automation will only increase, and most
believed that FAA is unprepared to handle current
and future automation issues. The role of the hu-
man in an increasingly automated environment
needs to be studied and bases established for set-
ting standards. ATC is also likely to be increasingly
automated. Box 6-A describes automation programs
now being planned.

Air-to-Ground Communication.—Verbal com-
munication remains the weakest link in the mod-
ern aviation system; over 70 percent of the reports
to ASRS involve some type of oral communication
problem related to the operation of an aircraft.24

Technologies, such as airport traffic lights or data
link, have been available for years to circumvent
some of the problems inherent in ATC stemming

~: Delmar M. Fadden, Boeing Commercial Airplane Co., Office of
Technology Assessment, op. cit., footnote 2.

‘]C.O. Miller, a\iation consultant, personal communication, Feb.
13, 1988.

‘+ Ralph L. Grayson and Charles E. Billings, “information Transfer
bet~een  Alr l_raffic Control and Aircraft: Communication Problems
In Flight Operations, ” NASA Technical Paper 1875, September 1981,
PP. 47-61.

Box 6-A.-Air Traffic Control Automation

One aspect of the National Airspace System
Plan, the Advanced Enroute Automation System
(AERA), could bring sweeping job changes for air
traffic controllers through automation. AERA is
software to be introduced in three stages as part
of the Advanced Automation System (AAS), the
Federal Aviation Administration’s (FAA) planned
upgrade to the entire air traffic control system (see
chapter 7). The effectiveness of automation in ac-
complishing job tasks and the consequences of in-
dividual controller performance differences is be-
ing studied at the Civil Aeromedical Institute. FAA
plans to study controller selection and training re-
quirements for AERA. An FAA contractor has
built and installed prototypes of portions of AERA
algorithms in a simulation laboratory. Used for
subjective evaluations of controller interactions
with automation, this initial test system does not
have enough realism for quantitative efficiency
measurements. Controllers taking part in the test-
ing provide their views on the utility of the auto-
mated aids and the nature of inter-controller co-
ordination in the advanced environment. FAA
plans to quanify the benefits of AERA in real-time
evaluations once the AAS contractor has installed
hardware at the FAA Technical Center (scheduled
for 1994). At present, there are no firm plans for
AERA hazard analyses, and data gathering for the
real-time evaluations has not been articulated.

from verbal information transfer. (For more infor-
mation on communications technologies, see chap-
ter 7.) The ground collision between two B--747 air-
craft in Tenerife in 1977, resulting in the greatest
loss of life in an aviation accident, occurred because
of a communication error.

One potential problem with ATC by data link
is that the loss of the “party line” effect (hearing the
instructions to other pilots) would remove an im-
portant source of information for pilots about the
ATC environment. However, the party line is also
a source of errors by pilots who act on instructions
directed to other aircraft, or who misunderstand in-
structions that differ from what they anticipated by
listening to the party line. Switching ATC commu-
nication from hearing to visual also can increase pi-
lot workload under some conditions.25 Further

‘~Fadden, personal communication, op. cit., footnote 22.



126

study is necessary to define the optimum uses of
visual and voice communications.

Management Practices

The judgment and skill of the pilots, mechanics,
air traffic controllers, and other key people in the
aviation system are influenced, to varying degrees,
by management decisions. While many aspects of
human behavior fall outside the sphere of manage-
ment and are an inescapable part of a highly
demanding and complex system such as commer-
cial aviation, some depend on how the system is
organized and operated. For example, airline man-
agement practices regarding pilot selection and train-
ing, as well as aircraft design, provide the under-
pinnings of pilot performance. A considerable
amount of public debate has focused on airline oper-
ational pressures and employee stress.

The terms “stress” and “fatigue” are commonly
used in everyday discourse, but with widely vary-
ing meanings and contexts. A “stress factor” is a
physiological or psychological pressure or force act-
ing on a person which compels him to act or react,
physically, cognitively, or emotionally. Examples of
stress factors in aviation range from noise, vibra-
tion, and glare in the cockpit, to anxiety over
weather and traffic conditions, to anger, frustration,
and other emotions. Chronic stress degrades per-
formance and decisionmaking, and the overall ef-
fect of multiple stresses is cumulative. Another prod-
uct of cumulative stress is fatigue, which can also
result from inadequate rest, too much cognitive
activity, increased physical labor, or disruption of
physiological rhythms.26

Stress is difficult to measure in an operating envi-
ronment, and little clinical evidence is available on
the cause-and-effect relationship of stress, especially
psychological or social stress,27 with performance
ability. Concern about stress is not new: workload
and duty shift conflicts, ATC and weather delays,
and labor/management problems are traditional oc-
cupational stresses in commercial aviation. However,
developments since deregulation have exacerbated

~dH.  Clayton Foushee, Aerospace Human Factors Division, Na-
tional Aeronautics and Space Administration—Ames Research Cen-
ter, in Influence of Training, Operational and Maintenance Practices
on Flight  Safery,  op. cit., footnote 1, pp. 149-164.

~TCary  L. Cooper and Stephen Sloan, “Occupational and Psychoso-
cial Stress Among Commercial Aviation Pilots,” Journal of Occupa-
tional Medicine, vol. 27, No. 8, August 1985, pp. 570-576.

many of the environmental stress factors. Record
amounts of commercial traffic, increased use of hub
and spoke systems, crowded airspace and airport
ground facilities, and the resulting schedule pressures
have taken a toll on pilot, mechanic, and air traffic
controller morale and, in some cases, performance.28

Schedule pressure is a function of the whole air-
space system as well as of individual airline prac-
tices. Management attitudes, especially labor/man-
agement relations, determine how schedule pressure
is interpreted in the cockpit and on the flight line.
Additionally, airline mergers frequently have re-
sulted in divisive seniority and pay scale arguments
among management and the merging work forces.
Cockpit crews comprised of pilots holding opposite
views on unresolved merger issues bring additional
stress to commercial flight operations.

Virginia Polytechnic Institute and State Univer-
sity, under contract to ALPA, is studying stress and
its effects on airline pilots. One purpose of the re-
search is to compare pilot populations from differ-
ent carriers and to determine differences based on
established psychological measures of stress. Surveys
were conducted in July 1986, at one “unstable” and
two “stable” major airlines. For this survey, the un-
stable airline was one that was sold, merged, or taken
over in a 12-month period, had a net loss for the
last two earning periods, and had employee wage/
work rules concessions in the last contract. The pi-
lots from the unstable carrier, with a long history
of labor-management problems and its recent acqui-
sition by another carrier, presented a distinctly
different stress profile than the other pilots. While
55 percent of the stable airline pilots exhibited none
of the high stress measures (such as low self-esteem,
depression, and physiological indications), only 10
percent of the pilots from the unstable carrier
showed no high stress. Additionally, 30 percent of
pilots from the unstable airline indicated high stress
on 4 or more stress measures as compared with only
5 percent of the pilots from the other airline. The
stress profiles were so dissimilar among the airlines
that 90 percent of the pilots who expressed high
stress symptoms could be correctly identified by car-
rier affiliation.29

~BOTA,  primary research, 1987.
~gLinda  F. Little, Virginia Polytechnic Institute, testimony before

U.S. Congress, House Committee on Economic Stabilization, Subcom-
mittee on Banking, Finance and Urban Affairs, May 12, 1987, and
Linda F. Little, Virginia Polytechnic Institute, “The Pilot Research
Project: 1987 Data,” unpublished data.
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Airline operating safety is based upon well-rested
and alert flight crews. An analysis of ASRS data
revealed that about 4 percent of crewmember error
reports were directly associated with fatigue, and 21
percent mentioned factors directly or indirectly re-
lated to fatigue. 30” NASA-Ames currently has a
comprehensive program underway to examine fa-
tigue-related problems in short-haul and long-haul
commercial and military flight operations. Already
completed, the short-haul phase of the study exam-
ined flight crews before and after they had completed
a 3-day, “high-density” trip, The findings illustrate
the complexities involved in analyzing human per-
formance. The post-duty crews, by all measures,
were more fatigued than the pre-duty crews. How-
ever, the more tired post-duty crews performed sig-
nificantly better and made fewer errors during the
laboratory simulator sessions. The study concluded
that flight crew communication and coordination
patterns were largely responsible for the perform-
ance differences, Recent operating experience and
crew familiarity can override fatigue factors in some
short-haul operations.31

FARs, ostensibl y addressing crewmember fa-
tigue,32 are silent on items such as pilot duty-time,
considered crucial in other countries. Some experts
believe that duty-time, the time spent in-flight, and
on the ground for preflight, postflight, and between
flight stages, is a superior measure for evaluating fa-
tigue in air transport operations.33 An analysis of
the aviation regulations for nine industrial nations
shows that only the United States and France do
not explicitly consider pilot duty -time.34 FAR work
rules also do not consider the number of takeoffs
and landings performed, the number of time zones
crossed, and whether crew rest immediately precedes
flight duty, issues considered important in many

other countries.35

‘“R. Curtis Graeber, “Sleep and Fatigue in Short-Haul Flight Oper-
ations: A Field Study, ” Flight Safety Foundation Proceedings, op. cit.,
footnote 1, pp. 142-148.

‘ ] Foushee,  op. cit.,footnote 26, pp. 149-164.
‘J50 Fecleral Register 29306 (July 18, 1985).
“Hans  M. N’egmann et al., “Flight, Flight Duty, and Rest Times:

A Comparison Between the Regulations of the Different Countries,”
A ~’[arlon,  Space, and Environmental Medicine, March 1983, pp.
212-217.

‘+ Ibid.
“The  Federal Aviation Regulations (14 CFR 12 1.47) address duty

time by exception: the minimum rest period a crewmember  must have
during  anv consecutive 24-hour period is 8 hours, implying an allova-
ble duty period of up to 16 hours.

Federal Responsibilities

Throughout the history of aviation, safety im-
provements have come primarily from technologi-
cal developments, such as reliability and perform-
ance increases in aircraft, navigation devices,
weather forecasting, and ATC, FARs emphasize,
with more precise standards, the technical aspects
governing aircraft operations and certification rather
than the human factors considerations. Although
some human factors-related data collection, analy-
sis, and research are supported and conducted by
the Federal Government, FAA has requested little
that can be applied to regulatory decisionmaking.
FAA does not have a centralized and systematic ap-
proach to improving flight crew performance.36

DOT (primarily FAA), NTSB, and NASA are the
Federal agencies involved in civil aviation human
factors.

FAA

FAA, and its predecessor the Civil Aeronautics
Authority, have addressed numerous human be-
havior issues through guidelines and oversight.
Many Federal regulations and advisories reflect ef-
forts to prevent human error, although few of these
rules are based on proven scientific principles. Time-
tested procedures and regulatory experience are val-
uable background data for setting human factors
standards, but as discussed in the previous sections,
technological and managerial developments in com-
mercial aviation have outpaced FAA’s regulatory
capacity. Pilot selection and training rules have not
been substantially revised in decades, and cockpit
design requirements ignore much of the current hu-
man factors knowledge.

FAA, recognizing the importance of human fac-
tors in aviation safety, has sponsored several work-
shops, conferences, and studies on human perform-
ance in aviation. However, none of these efforts has
resulted in major policies, programs, or rules. The
President’s Task Force on Aircraft Crew Comple-
ment recommended in 1981 that FAA support and
expand a number of human factors-related research
areas. 37 By 1985, FAA had developed a Human
Factors Research Plan comprised of 23 research

‘Federal  Aviation Administration, op. cit., footnote 20, p. 6.
‘;The  President’s Task Force on Aircraft Crew Complement, “Re-

port of the President’s Task Force on Aircraft Crew Complement,”
unpublished manuscript, July 2, 1981, pp. 8-12.
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projects to address a number of cockpit- and pilot-
related problems.38 Because of austere budgets and
the 2-year cycle for initiating new projects, few of
its projects were initially funded. However, by 1987,
18 of the 23 projects had received some funding from
FAA or other Federal agencies and 1 was completed.
Additionally, the Transportation Systems Center
was tasked under a project agreement with FAA to
update the plan and publish a revision.

However, the underlying reasons for limited past
FAA action on human factors still exist; FAA has
never devoted the resources necessary to deal ob-
jectively with human factors issues. The Office of
Flight Standards, responsible for establishing and
enforcing air carrier operating regulations, has one
person assigned as a human factors coordinator but
no separate organizational element with human fac-
tors responsibility.

Regulatory policy must be supported as well by
documented data and research findings. As dis-
cussed in chapter 4, FAA’s data collection and anal-
ysis efforts could be revised to provide support for
human factors research. Although FAA conducts
and supports research projects on human factors in
ATC, it has only recently devoted staff or budget
for efforts in cockpit human factors. While a regu-
latory agency such as FAA need not necessarily un-
dertake a substantial amount of fundamental re-
search in any technical field, including human
factors, it must have access to up-to-date scientific
and technical research results so as to exercise timely
judgment on technical issues. To do so, FAA needs
trained staff to define and manage FAA-supported
research efforts, to analyze and interpret findings,
and to review and promulgate regulations.

Staff shortages are compounded by coordination
difficulties inherent in the FAA management struc-
ture. Human factors responsibilities are spread piece-
meal throughout FAA and the Department of
Transportation. While cockpit-related research
projects are managed under the Associate Admin-
istrator for Development and Logistics, primarily by
the Program Engineering and Maintenance Serv-
ice, the impetus must formally be provided by the
Associate Administrator for Aviation Standards
(AVS). For example, FAA’s Transport Aircraft Cer-

tification Division, located in Seattle and responsi-
ble for approving commercial transport cockpit de-
signs, cannot task the Program Engineering and
Maintenance Service directly, but must pass all re-
quests through AVS.

The Office of Aviation Medicine and its Civil
Aeromedical Institute (CAMI) provide data upon
which AVS can base regulations and advisories.
However, most of the human behavioral studies at
CAMI’s Aviation Psychology Laboratory are di-
rected toward ATC.39 The effectiveness of another
regulatory research source in human factors for
FAA, the Transportation Systems Center, is dimin-
ished by the bureaucratic entanglements that result
with inter-administration projects.

AVS collects and maintains field data, such as
accident and incident reports and air carrier inspec-
tion findings, that could support human factors
rulemaking. However, these data management ef-
forts have provided few safety analyses. Addition-
ally, the Office of Aviation Safety, located in yet
another division and responsible for broad safety
studies, has undertaken no recent human factors
analyses.

NTSB

Human factors receive a great deal of emphasis
in NTSB investigations of major accidents, the re-
sulting determinations of probable cause, and rec-
ommendations for future accident prevention.
NTSB has a separate Human Performance Division
within its Bureau of Technology and usually includes
a human factors specialist on each major accident
investigation team. Report forms, interviews, and
analytical techniques are designed to elicit detailed
information on the performance of the people in-
volved in the mishap and the environmental and
operating conditions that were present.

NTSB accident database management and anal-
yses are critically important, for they provide the
only valid statistical safety trends currently avail-
able to the Federal Government (see chapter 4).
While lessons can be learned from individual acci-
dents, the greatest understanding comes from anal-
yses of clusters of accidents. For example, the
frequent occurrence of flight crew coordination

18Federa]  Aviation  Administration,  Op. cit., footnote 20. ‘91bid, p. 112.
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problems in accidents has resulted in numerous
NTSB recommendations urging the use of cockpit
resource management training.40

NTSB analyses are sometimes published in de-
tailed special studies, covering such topics as run-
way incursions, airport certification and operations,
and commuter airline safety. However, NTSB has
not undertaken a comprehensive analysis, and has
published no special studies on human factors in
aviation.

NASA

NASA has traditionally provided a substantial
amount of fundamental aviation research. For hu-
man factors in civil aviation, NASA contributes a
major share of research, supplemented only by ap-
plied research programs in industry and basic re-
search at a handful of universities. NASA is in a
unique position which enhances its human factors
research efforts. While maintaining close working
relationships with FAA, NTSB, the military, and
the commercial aviation industry, nonregulatory
NASA is viewed as an impartial party. This gives
NASA access to sensitive data unavailable to other
Federal groups.

“John K. Lauber,  National Transportation Safetv  Board, “Cockpit
Resource Management: Background and O\’erview,”  Cockpit Resource
.tianagernenr  Tra{nlng,  op. cit., footnote 17, p. 12.

Photo credit: National Aeronautics and Space Administration

Researchers investigate the effects of future cockpit
technology on human performance with the Advanced

Concepts Flight Simulator at NASA-Ames
Research Center.

Two research centers within NASA, Ames in
California and Langley in Virginia, are responsible
for most of the human factors work. Generally,
NASA-Langley investigates the physical aspects of
human factors, while NASA-Ames studies the psy-
chological elements. Physiological measures of pi-
lot workload and advanced cockpit displays are
among the topics addressed at Langley. The opera-
tional implications of human factors research—cock-
pit resource management, information transfer, sleep
cycle and fatigue, and the effects of advanced auto-
mation on flight crew performance—are important
fields of study at NASA-Ames. For example, LOFT
was developed from the use of full-mission simula-
tion as a research tool at Ames.

NASA-Ames also administers the Aviation Safety

Reporting System, the only broad source of human
factors field data other than NTSB investigations
available to the Federal Government. However, ef-
fective use of ASRS data has been hampered in re-
cent years by level funding in the face of increasing
reports, resulting in resources being diverted from
analysis to processing. NASA-Ames increasingly has
become the human factors information clearing-
house.4l While all databases have limitations,
ASRS analyses could provide information unavail-
able to FAA from other sources, such as the influ-
ence of new technologies or airline management
practices on human performance.

Industry Responsibilities

Airlines and aircraft manufacturers regard safety

seriously, giving clearly indicated safety problems
quick and thorough attention. Understandably,
however, industry rarely undertakes voluntary
safety-oriented improvements unless the link be-
tween the improvement and safety is clearly estab-
lished. FAA, as the regulatory agency, must shoul-
der primary responsibility for the absence of human
factors standards.

The lack of objective cockpit certification stand-
ards is a case that illustrates how human factors-
related decisions are made (or not made). Accord-
ing to one NASA official, most of NASA’s fun-
damental civil aviation research efforts have focused
on areas such as aerodynamics, propulsion, avionics,

+ ‘Graeber,  op. cit., footnote 2.
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and materials. Less emphasis is placed on human
factors, since aircraft manufacturers do not consider
human factors to be a technology that controls
whether an aircraft design is feasible or not. The
manufacturers cite airline concerns with reducing
operating costs through better fuel efficiency and
lower maintenance expense. The airlines do not usu-
ally question FAA-approved cockpit designs or
other FAA-certified components, such as engines.
FAA completes the circle, stating that no data are
available, such as research findings from NASA, to
justify establishing cockpit certification standards.42

This is not to say that the private sector has not
done its best to ensure that cockpit designs are safe.
Through Society of Automotive Engineers commit-
tees, industry groups (partially funded by FAA and
other Federal agencies) have established some cock-
pit design standards. Compliance with these volun-
tary standards has traditionally ensured FAA ap-
proval of designs.43

Economic considerations play a major role in
cockpit layout decisions. For example, a number of
recent advances in cockpit technology have been
driven by airline cost savings. Two-person v. three-
person crew complements reduce salary expenses;
common type ratings save on training and schedul-
ing costs; automation allows more efficient and pre-
cise flight path control; and solid-state avionics have
lower maintenance costs than electromechanical
devices. “While no reputable manufacturer know-
ingly compromises safety for short-term cost savings,
clear, comprehensive Federal requirements are im-
portant in assuring that no actual compromise in
safety occurs. ”44

Moreover, OTA finds that a systems approach
is needed for cockpit certification. While FAA can
adequately ensure that a given cockpit design is not
unsafe, the cross-effects of pilots flying in multiple
cockpit versions has not been sufficiently addressed.
The effects of standardization in cockpit design on
pilot performance need to be more fully examined
and documented. Additionally, certification ap-
proval of vastly different cockpit designs has been
criticized by at least one U.S. aircraft manufacturer.

4%usan  Norman, National Aeronautics and Space Administration,
Ames Research Center, personal communication, Nov. 19, 1987.

q ‘Fadden,  op. cit., footnote 22.
~~De]mar  M. Fadden, persona] communication, Mar. 1 ! 1988.

Boeing based cockpit display designs on its research
into color visibility in electronic displays. The re-
search findings conflict directly with the color stand-
ards used for Airbus cockpits, yet FAA approved
both standards.45

The airlines are left with the responsibility of ac-
commodating differing cockpits. One option, pur-
chasing uniform fleets, is rarely feasible. Different
aircraft requirements for different markets, as well
as mergers and acquisitions, have left airlines with
diverse fleets. Training is the approach used by the
airlines and approved by FAA to prepare pilots for
these different aircraft. Provided he or she has the
required training, a pilot can fly any number of
different aircraft in revenue service, even in a sin-
gle day. However, in present airline operations, very
few pilots need to stay current in two or more air-
craft that have separate type ratings.46

Innovations in training are readily accepted by
airlines, provided that the costs are not prohibitive.
Advanced simulators allow greater flexibility and
safety and have become the preferred mode in train-
ing, and they also offer substantial cost savings.
Cockpit resource management training has been
adopted by a number of airlines.

Airline management has the responsibility of ad-
dressing the human factors problems that have
arisen due to operating practices and management
attitudes. Some airlines have employee assistance
and counseling programs and provide for good com-
munication in both directions along the chain of
command. Others have conducted internal safety
audits. The recent spate of mergers provides a lab-
oratory for comparing the effectiveness of differing
airline management practices. A number of U.S.
airlines provide open access for NASA-Ames re-
search.47

TWA established internal safety teams and con-
ducted audits in 1976, 1980, and 1986. The teams,
composed of line pilots and management person-
nel, were granted immunity from revealing infor-
mation sources, and top management gave them
permission to examine all areas of flight safety. As

+5 Fa&jen, op. Cit., footnote 22”
‘bIbid.
‘~R. Curtis Graeber,  National Aeronautics and Space Administra-

tion Ames Research Center, personal communication, Mar. 2, 1988.
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an outcome of the audits, TWA has instituted peri-
odic labor-management safety meetings. The ster-
ile cockpit concept,48 now a Federal regulation,49

came out of these TWA meetings, Additionally,
TWA has instituted a nonpunitive program for
monitoring flight data recorder approach informa-
tion. Notably, while the program receives the sup-
port of TWA’s pilots, in-flight monitoring is anath-
ema to pilots at most other carriers. Airlines that
carry out safety audits may find the process as im-
portant as the product. Employee perception that
management recognizes and is addressing a prob-
lem can play a large part in the resolution of the—
problem. 50

‘3Durlng critical phases of fllght (below 10,000 feet and all ground
operations), crewmcrnbers  can perform only those duties required for
the safe operation of the aircraft. For example, extraneous conversa-
tion, including pointing out sights of interest to passengers, is prohibited.

“14  CFR 121.542 (’Jan. 1, 1987).
‘rJ.A.  McIntyre, Airline Pilots Association, in Znfluence  of Train-

ing, Operational and Malntertance  Practices on Flight  Safety, op. cit.,
footnote 1, pp. 118-124; and J.A.  McIntyre, in Office of Technology
Assessment, op. cit., footnote 2.

Labor’s Role

Organized labor has an important role in the reso-
lution of management-related human factors prob-
lems, and union contracts or initiatives often ad-
dress issues not covered by Federal policy. For
example, some pilot contracts establish duty-time
limits, since FARs are not explicit in this area, and
while FARs permit Part 121 pilots to fly 100 hours
per month, few actually do.51 Additionally, labor
organizations provide publications, training pro-
grams, counseling sessions, and communication
channels to management for member employees.
Unions also support independent studies and re-
search efforts, such as ALPA’s stress survey, and
ALPA has safety councils at each of its member
domiciles.52 For further discussion of labor-related
issues, see chapter 2.

‘lOTA primary research, 1987.
jJIbid.

CONCLUSIONS AND POLICY OPTIONS

People are pivotal to aviation safety. While hu-
mans are largely responsible for commercial avia-
tion’s excellent safety record, human errors nonethe-
less cause or contribute to the vast majority of
accidents. Moreover, the rate of pilot error accidents
shows no sign of abating, while weather-related
crashes are declining and aircraft component failures
are rarely the sole factor in serious mishaps. Fur-
thermore, accident and incident data analyses in-
dicate that if only a portion of human error prob-
lems can be resolved, substantial reductions in
accident risk can be attained.

Changes in aircraft technology and operating
practices occurring during the past decade have
widespread human behavior and safety implications
that are poorly understood. OTA concludes that
human factors concerns regarding cockpit auto-
mation, pilot selection and training, and airline
management are not addressed adequately by cur-
rent FARs.

Human factors is a fundamental technology that
is as essential to the safe design and operation of
aircraft as are aerodynamics, structures, and propul-

sion. However, human error hazard analyses are not
presently a normal part of aircraft or ATC system
design or certification. While the aircraft manufac-
turing industry and some airlines conduct human
factors research, and will continue to do so, this re-
search is fragmented, and the results are not always
widely available.

OTA concludes that long-term improvements in
aviation safety will come primarily through sys-
tematic operational human factors solutions and
that such solutions will be found only with con-
sistent, long-term support for research and devel-
opment. Furthermore, without Federal backing,
human factors research and application will lam
guish for proprietary reasons.

FAA could make good use of the multidiscipli-
nary human factors knowledge that is spread
throughout the Federal Government, private indus-
try, and independent research groups if it had the
organizational structure to coordinate this under-
standing. For example, in 1985, FAA’s Cockpit Hu-
man Factors Research Plan drew upon the wide-
spread expertise in the United States and proposed
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a number of important projects; however, few re-
ceived sufficient FAA funding. While FAA, as a reg-
ulatory agency, might not be expected to conduct
much research in-house, FAA must address com-
mercial aviation human factors issues in clear, pre-
cise advisory circulars and regulations. Congress
may wish to direct FAA to allocate the resources
for human factors expertise in regulatory support
staffs, and to establish an agency focal point, such
as a Program Office, that could serve as a catalyst
and coordinator for cooperative efforts spear-
headed by NASA, and including other FAA of-
fices, NTSB, the Department of Defense, manu-
facturers, airlines, and unions.

The following are key areas and questions for fed-
erally supported research or regulatory efforts:

• Operational data collection. Ideally, regulations
are based upon objective evidence from the
operational environment, one area where the
field of human factors is lacking. Federal and
industry cooperation is necessary for establish-
ing human performance measurement tech-
niques and for ensuring proper control and dis-
semination of these sensitive data. Cockpit
voice recorders, flight data recorders, and video
systems could supply much of these data, pro-
vided a nonpunitive approach is taken with
close union oversight and support.

●

●

●

Physiological and psychological factors. What
are the effects of stressors, singly or in combi-
nation, on pilot and controller performance?
Advanced technology is changing the roles of
pilots and controllers; what cognitive and per-
sonality traits are desirable for the operators of
current and future aviation systems? What fac-
tors influence pilot and controller decisionmak-
ing and what options are available for improv-
ing it? How applicable are current age and
medical requirements?
Crew management. How can crew coordina-
tion be improved? Should CRM training be fed-
erally mandated? What technology, procedures,
or training methods are available for facilitat-
ing intra-cockpit and air/ground communi-
cation?
New technology. It is possible to automate most
of the flight deck and ATC functions currently
performed manually by pilots and controllers;
however, not all automation enhances safety.
What is the optimal distribution of tasks be-
tween operators and automated systems? How
can pilot and controller readiness to respond
to emergencies be enhanced? What standards
are required to ensure effective information
transfer to the pilot or controller? How can
ATC/cockpit communication be improved? To
what extent should flight crewmembers be mon-
itored by automated systems?


