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TABLE 5 Summary of Single-Engine ILS Performance
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"Conventional” "Automated (hand flown)" t*
mean 95% int. mean 95% int.
Airspeed Deviation (knots-sec) 257.9 247.3 << 2685 989.2 944.4 <1< 10339 15.56
Glide Slope Position (deg-sec) 119 112 <n< 1206 259 246 <u<27.2 9.19
Localizer Position (deg-sec) 27.1 255 <u<28.7 619 593 <u< 645 11.09

deg-sec, and localizer deviations were 26.0 versus 27.1 deg-sec for
the normal and single-engine ILS maneuvers, respectively.

The automated group showed larger increases in performance
deviations during the single-engine ILS compared with its perfor-
mance during the normal ILS. Airspeed deviations increased from
928.9 to 989.2 knot-sec. Glide slope deviations increased from
24.6 to 25.9 deg-sec, and localizer deviations increased from 54.0 to
61.9 deg-sec.

Comparison of the performances of the conventional and auto-
mated aircrews during the single-engine ILS yields findings similar
to previous maneuvers. Airspeed deviations were 257.9 knots-sec
for the conventional group and 989.2 knots-sec for the automated
group. Means of the glide slope deviations were 11.9 deg-sec for the
conventional group versus 25.9 deg-sec for the automated group.
Localizer deviations were 27.1 deg-sec for the conventional group
and 61.9 deg-sec for the automated group.

Test of statistical significance yielded ¢ values of 15.56 for air-
speed deviations, 9.19 for glide slope deviations, and 11.09 for
localizer deviations. Each of these values is sufficient to reject the
null hypothesis.

Additional Observations

Whereas this study was structured around the evaluation of aircraft
state parameters, the following observations were recorded during
this study. None of the conventional flight deck crews allowed the
aircraft to drift far enough off course centerline so that a full-scale
course deviation indication occurred. However, 80 percent of the
automated crews allowed this to happen. These deviations compro-
mise the No Transgression Zone for parallel runway approaches,
which requires intervention by air traffic controllers. Twenty per-
cent of the automated crews continued a descent on the approach
despite having a full course deviation indication.

Significant and potentially hazardous errors were committed by
automated aircrews (40 percent) during level-off at the minimum
descent altitude and subsequent descent to the runway environment,
which indicate continued problems with the man-machine interface.
Inappropriate modes were used to descend, resulting in destabilized
approaches with significant sink rates close to the ground, or incor-
rect numbers were placed in the flight management system.

During last-minute clearance amendments in terminal airspace,
many of the automated aircrews attempted to reprogram the FMS,
whereas conventional aircrews simply relied on older but simpler
methods to comply with the new clearance. Nearly one-third of the
events involved both flight deck crew members attempting to repro-
gram the FMS at the same time. The observer noted that no one was
monitoring the aircraft during this segment, nor was any flight deck
member scanning for traffic outside the flight deck. The flight crews
who most successfully handled last-minute clearance amendments

simply turned off the autopilot with the yoke switch and flew the
aircraft as a conventional aircraft.

It was also noted that 20 percent of the automated aircrews, when
they became disoriented during manual maneuvers, attempted to
turn the aircraft back over to autopilot control. The autopilot would
not accept aircraft control under these circumstances because the
aircraft was out of appropriate airspeed limits. It was clear that this
subpopulation relied on the automation to take over when their
manual skills were tasked to the limit. As stated in the introduction,
flight deck automation should be viewed as an aid to, not a replace-
ment of, aircrew performance.

Though not part of the original experiment, during visual
approaches to landing pilot-instructors would command (through
the simulator’s visual software) a small aircraft to appear in the
windscreen moving left to right. None of the automated aircrews
spotted the intruder, whereas nearly all (11 out of 12) of the con-
ventional aircrews did.

CONCLUSIONS AND RECOMMENDATIONS

Tests of statistical significance confirm observations that significant
differences exist between the manual performance of the automated
and conventional groups. Analysis of aircraft state parameters leads
to the conclusion that pilots of automated aircraft, while flying man-
ually during these maneuvers, consistently exhibited greater devia-
tions from assigned courses and parameters and greater deviations
from nominal pitch-and-bank attitudes. Occasional deviations were
great enough to present a hazard to the safety of that aircraft and
others in the terminal area.

Approach and Landing Conclusions
Destabilized Approaches

The most significant differences were found to occur during the
approach and landing phases. It is industry practice to tolerate very
little airspeed deviation from the recommended value during
approach and landing. The FAA’s Practical Test Standards for the
Airline Transport Rating allow only a 5-knot margin faster than the
recommended final approach speed. The Practical Test Standards
also require a stabilized final approach with no more than one-
quarter scale deflection of either the glide slope or localizer.
National Transportation Safety Board (NTSB) accident records
(18-24) list unstabilized approaches as a factor in a disproportion-
ate number of accidents, further confirming the importance of
stabilized approaches. Ninety-one percent of the automated aircrew
members did not conform to the airspeed requirements, and 27 per-
cent of the automated group did not meet the localizer standard
when manually flying normal ILS approaches.
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The safety consequences, especially in terminal airspace, of these
larger deviations deserve attention and suggest intervention strate-
gies to prevent automated aircrew manual performance from
diverging further from conventional aircrew performance. Varia-
tions in airspeed during final approach result in changing aim points
during the very dynamic process of landing, where a great majority
of major mishaps occur. This makes it more difficult for the pilot to
predict the actual touchdown point.

Short-Term Intervention Measures

Perhaps the simplest solution to this problem is to encourage auto-
mated aircrew members to manually fly a certain percentage of
departures and arrivals: Whereas that seems to be the clear-cut solu-
tion to the entire question of this study, the researcher is uncon-
vinced that the entire difference in performance is solely due to the
lack of practice by the automated group. Or stated another way, the
researcher is concerned that this simple recommendation addresses
only a symptom and not the underlying causes.

Since the need to fly a stabilized approach is so critical, this study
recommends not only short-term intervention measures that will
decrease performance deviations but also a series of investigations
that will fully examine the effects of flight deck automation on all
aspects of the air transportation system for the long term.

In the short term, this study recommends a judicious balance of
automatic and manual departures and arrivals to optimize safety and
maintain pilot manual skills. Crew resource management must
be amended specifically for the automated flight deck. It is rec-
ommended that when automated aircrews are flying manual
approaches, the pilot not flying (PNF), in addition to monitoring
automated systems, must also closely monitor the pilot flying (PF)
and make appropriate recommendations if aircraft parameters begin
potentially unacceptable trends.

Flight crew training must emphasize approach stabilization.
Airline operators must define criteria for acceptable, stabilized
approaches with nonpunitive policies that mandate go-arounds for
approaches not stabilized by 500 ft. )

It is recommended that ATC recognize the need for stabilized
approaches and minimize last-minute airspeed and altitude adjust-
ments for aircraft intercepting the final-approach course. Auto-
mated aircraft should be given sufficient intercept angles to the
final-approach course. In addition, the use of slam-dunk maneuvers,
which require maximum performance of the aircrew, must be dis-
couraged for these aerodynamically clean aircraft.

Long-Term Intervention Measures

The effects of the current ATC system on the use of automated flight
decks must be examined. Findings from this study and others sug-
gest that pilot work loads increase for automated aircrews during
maneuvers in terminal airspace, partly due to the incompatibility of
automation with the current ATC system. The design of the future
ATC system must take into account how to interface efficiently and
safely with automated flight decks. '

Controlled Flight into Terrain Implications

Twenty percent of the automated crews continued a descent on the
approach despite having a full course deviation indication. Protec-
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tion from collision with obstacles is ensured only when the aircraft
is within the lateral and vertical limits of the ILS. No protection is
guaranteed when the aircraft is outside these limits.

Controlled flight into terrain (CFIT) accidents are the leading cat-
egory of accidents in the commercial transport and business classes.
From 1975 through 1989, 68 air carrier CFIT accidents occurred
worldwide (25). From 1986 through 1990, 36 of 40 CFIT air carrier
accidents occurred during approach or landing. All 36 accidents
occurred during periods of instrument meteorological conditions or
reduced visibility.

Automated flight decks are equally represented in the CFIT acci-
dents. Navigational error, misreading of charts, misunderstanding
of clearances and procedures, and simple distraction have been
identified as causal factors. In the long term, a full-scale examina-
tion of the CFIT phenomena should be conducted, including the
effects of flight deck automation on crew situational awareness and
crew coordination.

In the short term, this study recommends complete installation of
the latest version of the Ground Proximity Warning System world-
wide and thorough aircrew training to ensure proper response by
aircrews. '

Single-Engine Operations

Swept-wing aircraft are strongly coupled between rolling and
rudder input. Very slight rudder inputs, especially with a failed en-
gine, can produce significant bank angles. Whenever the throttle is
adjusted, a corresponding rudder movement must occur. This, in
turn, can produce a banking motion that many times was not com-
pensated for by the automated aircrews. Because of problems with
rudder inputs, the aircraft pitch-and-bank attitudes were never sta-
bilized. In addition, very significant airspeed deviations (10 knots)
below the final approach speed occurred in 60 percent of the auto-
mated aircrews.

Whereas it is certain that at one time most of the aircrews had
well-developed control coordination skills, it is apparent that con-
ventional aircrews were proactive in control inputs, as opposed to
the reactive control inputs made by automated aircrews.

Man-Machine Interface

The frequency and severity of errors committed by aircrews inter-
facing with the FMS observed during this investigation are cause
for concern. Analysis of operational errors is currently under eval-
uation and will be reported in future publications.

Since a number of accidents have shown the man-machine inter-
face as a causal factor (16-10), this finding strongly suggests fur-
ther study into the design and use of autopilot systems as an aid to
the pilot, rather than reliance on the pilot to make up for deficien-
cies in systems design.

It is cause for concern that the PNF now has the capability to
make inputs into the mode control panel of the FMS, which can
completely render useless the efforts of the PF, at times producing
irreversible and potentially hazardous errors. It is recommended

that future automated systems be designed so that an erroneous

input or inadvertent mode selection by the PF or the PNF cannot
create a potentially hazardous condition, especially during the
approach phase of flight.
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Automated aircrews continued to demonstrate misunderstand-
ings of the operations performed in each mode of the autopilot, par-
ticularly during the approach phase of flight. System designers have
not anticipated the effect of such systems on the full range of air-
crew performance. As recently as November 1994, a major inter-
national manufacturer of automated aircraft, in response to seven
fatal mishaps involving the man-machine interface with its auto-
mated aircraft, is suggesting that airlines change the aircrew train-
ing curriculum. Whereas training seems to be the typical corrective
action within the industry, a true systems safety method would sug-
gest that future autopilot designs be more error tolerant. Training
and procedures, both of which rely on the human element, should
be the last layer of protection to minimize error. Elimination of the
hazard, incorporation of protective devices, and incorporation of
warning devices are much more effective for minimizing error and
should be used by airframe manufacturers and airline management
before relying on flight deck training and procedures.

Near Midair Collision Implications

Though not part of the original experiment, during visual
approaches to landing pilot-instructors would command (through
the simulator’s visual software) a small aircraft to appear in the
windscreen moving left to right. None of the automated aircrews
spotted the intruder, whereas nearly all (11 out of 12) of the con-
ventional aircrews did. This is cause for concern, given that termi-
nal airspace is already very congested and future proposals will
place arriving aircraft at even closer intervals to parallel or con-
verging runways. The probability of midair collision in higher traf-
fic densities will increase in the future ATC environment. It will
become even more important for aircrews to maintain a vigilant
scan for other air traffic. This deserves immediate attention.
Whereas an investigation dedicated solely to this problem is cer-
tainly warranted, this study recommends that short-term interven-
tion strategies be considered for operational aircrews.

Further Study

In addition to the recommendations pointed out in this section, the
limitations of this study suggest that this preliminary study be used
to develop a full mission scenario in which the full range of aircrew
performance markers is measured and analyzed. Such an effort
would necessitate the inclusion of at least two appropriately trained
evaluators to assess aircrew performance. It would also be prefer-
able to videotape the events for later analysis.

As stated in the introduction, the deterioration of pilot manual
skills is one of the noted concerns with flight deck automation. If it
is assumed that the manual skills of the two groups were equal upon
assignment to their respective fleets, then one can surmise that the
manual skills within the automated group have diminished over
time. However, to more exactly address this question, a long-term
study measuring the manual skills of automated aircrews over time
is required.

Because of the greater variance in performance within the auto-
mated group, other variables, such as pilot total time, pilot back-
ground (type of aircraft flown in past, etc.), percentage of flight time
in manual versus automated modes, number of hand-flown
approaches in the last 6 months, and time in type should be com-
pared in future reports to determine whether any of these parame-
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ters may cause a statistically significant variation in performance
within the automated population. An analysis of variance investi- -
gation will then be possible to determine the methods by which
automated crews are best able to maintain manual proficiency.
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Accommodating Difference:
Gender and Cockpit Design in
Military and Civilian Aviation

RACHEL N. WEBER

Primarily on the basis of interviews, the treatment of gender is com-
pared as a human factors consideration within military and civilian avi-
ation. Defense and civilian cockpits have traditionally been built to
specifications based on male anthropometry and may embody a physi-
cal bias against women and smaller-statured men. Defense and com-
mercial divisions of airframe manufacturers rely on similar computer
modeling techniques and anthropometric data to accommodate a tar-
geted population of pilots. However, the design of defense aircraft tends
to be highly regulated, and more efforts have been taken to ensure that
alarger pool of otherwise eligible pilots is accommodated by future sys-
tems, such as in the Joint Primary Aircraft Training System. Within
very loose FAA guidelines, commercial manufacturers are responsive
to their customer airlines, most of which are not concerned with accom-
modating women pilots unless they fear liability for employment dis-
crimination. Commercial manufacturers also do not possess adequate
anthropometric data about the civilian female pilot population. Because
of defense budget cutbacks, a changing social context, and a broader
political mandate, the public sector has a responsibility both to facili-
tate the transfer of knowledge from military to civilian aviation and to
concern itself with the equity issues involved in accommodating female
pilots.

To examine issues concerning women and technology, social sci-
entists commonly rely on two approaches (). The first approach
questions women’s access to particular technologies. In the context
of aviation, one would ask questions regarding women’s upward
mobility in the profession; for example, are women limited because
they are not trained, socialized, or permitted to fly certain aircraft?
Solutions to these problems would lie in eroding barriers to these
boundary markers, such as easing women-in-combat exclusions or
providing scholarships for women to attend flight training school.
The second approach—which informs the subject of this paper—
questions the technology itself. Are cockpits designed to accom-
modate women’s bodies? Is a particular flight deck “gender neutral”
or is male bias embodied in the actual design, in the engineering
specifications? How can biased technologies be altered to become
more “women friendly”? :
Such questions are receiving attention within the military as
human factors practitioners at the Pentagon attempt to determine
whether the Joint Primary Aircraft Training System (JPATS), the
primary aircraft trainer used by the Navy and Air Force, embodies
a bias against women and smaller-statured pilots. After successful
completion of mandatory JPATS training, student pilots advance to
intermediate trainers and then to aircraft-specific training. There-
fore, if women cannot “fit” into the JPATS cockpit or if the cockpit
does not “fit” women pilots, they will be unable to pursue aviation
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careers in the Navy or Air Force. Other defense aircraft as well as
ships and protective clothing are also receiving such scrutiny (2).

Human factors work conducted in the military has significant
ramifications for civilian aviation. For example, limits on participa-
tion by women in military flying roles may inhibit career prospects
in civilian aviation since many airlines still prefer pilots with mili-
tary training. Civilian aircraft may also embody similar biases
against women’s bodies because they have been designed for a pri-
marily male pilot population. Because of the significance of these
man-machine systems, this paper will examine the treatment of gen-
der as a human factors consideration within military and civilian
aviation. It will outline the methods used by the military to deter-
mine whether cockpits are women friendly and compare these
methods with research conducted on this human factors issue in
civilian aviation. -

Because thereis a dearth of literature in this area, this paper relies
heavily on interview studies and the interpretation of internal doc-
uments. Interviews were conducted with human factors specialists
at major airframe manufacturers, public-sector research laborato-
ries, and regulatory agencies. Qualitative research, compared with
more empirical policy analysis, allows one to engage the ideologi-
cal assumptions embedded within the policy debates. Such an
approach seeks not only to understand the effects of technological
change on society but also to ask which social factors have shaped
technological change.

BIAS IN DEFENSE AIRCRAFT

Defense systems have traditionally been built to male specifications
(3). Since women tend to be shorter and have smaller limbs and less
upper-body strength, some may not be accommodated by such sys-
tems and may experience difficulty in reaching controls and oper-
ating some types of equipment (4). To understand how women’s
bodies become excluded by design, it is necessary to examine how
current weapon systems are designed with regard to the physical
differences of their human operators.

The best technology is useless if it is incompatible with the capa-
bilities and limitations of its users. As such, Department of Defense
acquisition policy mandates that human considerations be inte-
grated into design efforts to improve total system performance by
focusing attention on the capabilities and limitations of the human
operator.

To integrate the soldier, sailor, and airman into current design
practices, the military relies on human factors theories, also called
“human engineering” or “ergonomics,” which address human char-
acteristics, expectations, and behaviors in the design of items that
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people use. During World War II, human factors became practiced
as a distinct discipline by the U.S. military when it became appar-
ent that new and more complicated types of military equipment
could not be operated safely or effectively and could not be main-
tained adequately by many well-trained personnel (5). An effort
was directed to design equipment that would be more suitable for
human anthropometry. -

Anthropometrics refers to the measurement of dimensions and
physical characteristics of the body as it occupies space, moves, and
applies energy to physical objects as a function of age, sex, occu-
pation, ethnic origin, and other demographic variables. The military
has routinely measured and categorized different body dimensions
to standardize the design of weapons systems. The U.S. Army
Natick Research Development and Engineering Center “1988
Anthropometric Survey of Army Personnel” is the most recent com-
pilation of these data. The Natick Survey contains data on more than
180 body and head dimension measurements of a population of
more than 9,000 soldiers. Age and race distributions match those of
the June 1988 active duty Army, and minority groups were inten-
tionally oversampled to accommodate anticipated demographic
shifts in Army population.

In the application of anthropometric data, systems designers rely
on Military Standard 1472, Human Engineering Design Criteria for
Military Systems, Equipment and Facilities. As with the use of mil-
itary specifications in defense procurement, these guidelines are
critical to developing standards that reflect the military’s needs and
goals and are ultimately embodied in the technology. These guide-
lines suggest the use of 95th and Sth percentile male dimensions in
designing weapons systems, if the accommodation of 100 percent
would incur trade-off costs out of proportion to the additional ben-
efits to be derived. However, determining what is a “trade-off cost”
and when such costs are too high can be an arbitrary process.

Accommodation becomes more difficult when more than one
physical dimension is involved, and several dimensions need to be
considered in combination. Difficulties arise from the interrelation-
ships between and among the dimensions, some of which have low
correlations with each other (e.g., sitting height and arm length). For
example, in military applications approximately 52 percent of Navy
aviators would not be accommodated by a particular cockpit speci-
fication if both the 5th and 95th percentiles were used for each of
the 13 dimensions. To determine whether operators of different
shapes and sizes can be accommodated in weapons systems, human
factors specialists rely on advanced two- and three-dimensional
modeling techniques. However, the changing anthropometry of the
military population has not altered the tools available to determine
female accommodation; the Air Force, for example, does not pos-
sess female mannequins, choosing instead to cut the arms of male
dummies.

Because women are often smaller in all physical dimensions than
men, the gap between a 5th percentile woman and the 95th per-
centile male can be very large. Women who do not meet require-
ments are deemed ineligible to use a variety of military systems.
Before the operating requirements became so stringent, women
pilots adapted their bodies to the technology. They mounted
wooden blocks on the bottoms of their boots to reach the rudder
pedals of the T-37 and used pads on their seats.

In the case of the JPATS trainer, minimum anthropometric
requirements needed to effectively operate such an aircraft were
considered, and specifications were written to reflect such require-
ments. For example, “the ability to reach and operate leg and hand
controls, see cockpit gauges and displays, and acquire external
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vision required for safe operation” was considered critical to the
safe and efficient operation of the system. The five critical anthro-
pometry design “drivers” were determined to be sitting height,
functional arm reach, leg length, buttock-knee length, and weight
(JPATS Cockpit Accommodation Working Group Report, May
1993, unpublished data).

Original JPATS specifications included a 34-in. minimum sitting
height requirement to safely operate cockpit controls and eject. This
specification was based on sitting height minimums in the current
aircraft fleet and reflected a Sth percentile male standard. However,
at 34 in., anywhere from 50 to 65 percent of the American female
population is excluded because female sitting heights are generally
shorter than those of males. Therefore JPATS, as originally intended,
accommodated the Sth through 95th percentile male but only
approximately the 65th through 95th percentile female.

NEGOTIATING ACCOMMODATION IN
THE MILITARY

‘When former Secretary of Defense Les Aspin announced the admin-
istration’s policy on women in combat in April 1993, he sought to
implement a congressional mandate that would permit women to
compete for all assignments in aircraft, including those aircraft
engaged in combat missions. Although the new policy gave women
a greater combat aviation role and was intended to permit their entry
into many new assignments, the aircraft associated with the new
assignments precluded the directive from being implemented. That
existing systems could contain a technological bias against women’s
bodies despite the congressional mandate for accessibility alarmed
policy specialists at the Pentagon. This contradiction would poten-
tially embarrass a new administration, which was caught off guard
with the gays-in-the-military debacle and was trying to define a
working relationship with an antagonistic Pentagon.

Instead of fitting the man to the machine as was the norm, it was
seen to be necessary to fit the machine to the (wo)man. Stipulating
new operational requirements of users would also entail changing
the technology. In May 1993, the Under Secretary of Defense
(Acquisition) directed the Assistant Secretary of Defense (Person-
nel and Readiness) to develop a new sitting height threshold that
would accommodate at least 80 percent of eligible women. He
delayed release of the JPATS draft request for proposal until a new
threshold could be documented.

This move led to the development of the JPATS Cockpit Accom-
modation Working Group within the Pentagon, which included rep-
resentatives from the Air Force and Navy JPATS program offices
as well as from service acquisition, personnel, human factors, and
flight surgeon organizations. After months of deliberation, the
working group determined that a reduction of the sitting height
requirement by 3 in. would accommodate approximately 82 percent
of women (JPATS Cockpit Accommodation Working Group
Report, May 1993, unpublished data).

Reducing the envelope to 31 in. would require significant cock-
pit modifications, largely because ejection equipment significantly
restricts the ability to adjust the seat. In addition, there was the pos-
sibility that the aircraft nose, rudder, and other flight controls would
also need to be substantially modified to accommodate a smaller
person. Further, since ejections at smaller statures and correspond-
ing body weights have yet to be certified for safety, test articles and
demonstrators would need to be developed to ensure safe ejection
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(E. Dorn, Memorandum on JPATS Cockpit Accommodation Work-
ing Group Report, Oct. 19, 1993, unpublished data).

As debates continued in the press and within the working group
during 1993, the possibilities for technological variety began to
close down. In the JPATS case, administrative closure was achieved
when the 1994 Defense Authorization Bill was passed. The bill
included a provision preventing the Air Force, the lead agency in
the purchase of the JPATS, from spending $40 million of a $41.6
million trainer budget unless the Pentagon altered the cockpit
design (6). John Deutch, then the Under Secretary of Defense, wrote
in a memorandum legitimizing the problem of accommodation of
women in defense aircraft:

I believe the Office of the Secretary of Defense (OSD) should continue
to take the lead in addressing this problem. Other platforms in addition
to aircraft should be considered as well. We must determine what
changes are practical and cost effective in support of SECDEF policy
to expand combat roles for females. I request that you take the lead in
determining specification needs. Further, you should determine the
impact of defense platforms already in production and inventory.
(J. Deutch, JPATS Cockpit Accommodation Working Group Report,
Dec. 2, 1992, unpublished data) :

The impetus for changing the sitting height requirement and the
JPATS itself arguably came directly from Congress and the presi-
dent. However, this assertion does not discount the contributions
made by several organizations within the Pentagon and the services,
which, cognizant of the bias inherent in defense aircraft, were
exploring alternatives to such technologies. For example, the
Human Systems Integration (HSI) departments in the Office of the
Secretary of Defense have consistently focused on integrating
human factors into the preacquisition process of weapons procure-
ment. Pentagon acquisition policy requires program managers dur-
ing the acquisition phase to document what human system risks
exist in predecessor or comparable systems, what studies and analy-
ses are planned to identify or mitigate human risks, and the status
of these efforts before each milestone decision review. Subse-
quently, HSI submits its assessments to the Defense Acquisition
Board. It is through this process that the lack of accommodation of
women by JPATS and design flaws inherent in other systems have
been raised for senior-level deliberation and resolution before the
systems have gone into actual production.

RELATIONSHIP BETWEEN HUMAN FACTORS IN
MILITARY AND CIVIL AVIATION

The synergy between national security needs and civil aviation—
both aircraft manufacturers and air transport—has been well docu-
mented. Military objectives shaped the American aircraft industry;
indeed, the structure of the industry today is a consequence of ear-
lier government procurement policies (7). Military-funded research
and development, particularly in propulsion technology, has bene-
fited commercial aircraft. Many of the earlier civilian airplanes were
converted from military aircraft. On the other hand, technology
developed for commercial requirements has had significant military
applications, including such examples as the CF6 turbofan engine,
flight-management systems, and improved fuel efficiency. In addi-
tion, the civil transport system is often perceived as a reserve mili-
tary fleet in the event of a wartime emergency (e.g., during Opera-
tion Desert Storm).

As such, much of the technology base, supplier base, skills, and
processes used by defense and civil aircraft are held in common.
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The principal commercial airframe producers all rely on substantial
military sales. Often the divisions responsible for military and civil-
ian work are physically and organizationally separate, but a high
degree of labor mobility and technology exchange may exist.

Since World War 11, the military has traditionally taken the lead in
human factors research. Indeed, the field developed as attention was
given to the “knob and dial” types of problems associated with
designing control devices and visual instruments that could be used
more rapidly and accurately. The range of operating requirements and
the need to understand the characteristics of the user population
before acquisition led the services to begin collecting and classifying
data about the military population (8). Today, the Army’s Natick
Research and Development Command and the Air Force Systems
Command’s Human Systems Division at Wright-Patterson Air Force
Base in Ohio still provide the most accurate anthropometric data.

Those in civilian aviation are considered to lag behind their mil-
itary colleagues in the general field of human factors research. With
specific regard to the accommodation of female pilots, many
believe that the military has taken the lead in evaluating (wo)man-
machine interaction. Located at the intersection of technology, eco-
nomics, and labor relations, the issue of female accommodation in
the private sector has been framed in a very different manner.

ACCOMMODATING WOMEN IN
COMMERCIAL AIRCRAFT

Manufacturers are unsure of the total population of women com-
mercial pilots, let alone their ‘body dimensions. The number of
women earning their air transport rating in the United States has
increased by 325 percent since 1980. However, the percentage of
women pilots is still approximately 3 in the United States and sig-
nificantly lower worldwide (9). The FAA Statistics and Forecast
Branch maintains information on the number of women pilots who
have a current medical certificate and a pilot license. In 1993,
39,460 women held both the certificate and license out of a total of
665,069 pilots (10). However, these figures do not reflect the num-
ber of women actually employed as commercial pilots. In 1990, the
Air Line Pilots Association stated that there were approximately
900 women pilots (out of a total of 43,000) at 44 of the airlines
where it had members at that time.

Despite their similar origins, the cockpit technology encountered
in civilian aviation differs substantially from that found in the mili-
tary. The function that the human being is intended to perform and
the types of mechanisms provided for him or her in the control
processes also differ. For example, the extreme rates of acceleration
experienced in military cockpits require elaborate restraining
devices. Such restraints must be designed for the anthropometric
characteristics of the intended users. The main complaints with the
JPATS center on ejection seats and the need to provide safe ejection
to lighter individuals.

In contrast, commercial aircraft do not reach the same high
speeds as military planes, nor do they contain ejection seats. The
seats in a commercial cockpit are adjustable to meet the varied com-
fort and safety requirements of the users. Thus, certain characteris-
tics, such as height, weight, and strength, do not have the same
valence in commercial aviation as they do in the military. Many
argue that commercial aircraft can accommodate a more variable
population because the operating requirements are not as stringent
as in the military.
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The location of various controls on the commercial flight deck,
however, may disadvantage women and smaller-statured men.
Although the seats are more adjustable, individuals with smaller
functional arm reach and less upper-body strength may still experi-
ence difficulties manipulating controls. When women are sitting on
the left, some complain that they cannot reach controls on the right
side. Although electrical and hydraulic systems require smaller
forces to actuate, reach concerns become increasingly important
during manual reversion.

Major airframe manufacturers have integrated human factors as
part of their initial concept and design process and have designed
flight decks for both men and women pilots since the early 1980s.
The methods that human factors practitioners in the commercial
world use to determine accommodation are quite similar to those
used by the military, many having been developed by internal
defense divisions or borrowed directly from the public-sector
research laboratories. Contractors experiment with various com-
puterized human modeling packages (i.e., CATEA, GENECONN,
CREW CHIEF, COMBIMAN) during - the preliminary design
stages. With the use of such programs—most of which run in con-
junction with computer-aided design systems—engineers are able
to analyze visibility and reach in a proposed cockpit design. Such
programs create three-dimensional graphic representations of pilots
that can be adjusted to different body sizes and proportions on the
basis of accumulated anthropometric data from the Army surveys.
Since the Army data contain both male and female standards, the
various programs do not differ significantly in their ability to model
women. However, cockpits are generally designed for a population
with a range of 25th percentile military women to 99th percentile
military men.

Although military and commercial engineers use similar methods
and data, the pilot populations may differ. In other words, the fact
that commercial aviation relies on anthropometric data representa-
tive only of military populations could pose a problem. Many agree
that at present the largest obstacle in overcoming design bias against
women pilots is the lack of comprehensive anthropometric data for
civilian female populations. )

The only available civilian data are very old. For female mea-
surements, some manufacturers still use a 1940 Department of
Agriculture survey conducted for clothing dimensions. These data
are not extensive enough for use in designing large, complex inter-
faces, such as cockpits. Conducting a survey of civilian pilots would
be expensive and time consuming; it appears that no one financially
strapped airline company is willing or able to undertake such a
project now, i

Human systems specialists suspect that more variability exists in
the civilian pilot population because civilian airlines have less
restrictive eligibility requirements and a more expansive age range
than the military. For example, commercial airlines do not maintain
the same limits on body weight and height. In the military, most
pilots are between 21 and 35 years old, whereas commercial airlines
employ an older population, primarily former servicemen. In the
past, commercial pilots received their training in the military,
whereas now the trend is to filter through private flight-training
schools. This results in a less standardized commercial pilot popu-
lation, one that might not be represented in the anthropometric data
culled by the military. )

Once the cockpit design moves to the production stage, manu-
facturers rely on a working group of active pilots in their mock-up
studies and verification analyses. Boeing chooses men and women
of different shapes and sizes and asks them to reach to the extremes
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of the cockpit. McDonnell Douglas interviews the pilots themselves
as well as their union to get feedback about accommodation. Dis-
tinguishing between comfort and accommodation is one of the main
problems facing human factors practitioners. Comfort problems
might include backaches, circulation problems, wear spots on
elbows, and inadequate room for legs in contrast to accommodation
concerns, such as the ability to fully see and perform necessary
pedal work. ~

The process of designing and developing a cockpit is different for
each manufacturer and for each aircraft. Because commercial air-
frame manufacturers design for many different customers, they
must incorporate the preferences of each individual customer air-
line into their designs. Unlike defense contracts, the only regula-
tions that standardize the design of the cockpit with respect to
human factors come from FAA and are found in FAR Part 25.777C:

The controls must be located and arranged with respect to the pilot
seats so that there is full and unrestricted movement of each control
without interference from the cockpit structure or the clothing of the
minimum flight crew (established under 25.1523) when any member
of this flight crew from 52" to 6’3" in height is seated with the seat belt
and shoulder harness (if provided) fastened.

The regulations make no mention of the gender of the intended user
but manufacturers interpret them to include both male and female
pilots.

Many believe that the FAA guidelines are limited by their lack of
enforcement and by their ambiguity—for example, height may not
be the sole design driver or determinant of accommodation.
Nonetheless, manufacturers are required to write a report, complete
with mock-ups and models, stating that the design complies with
FAA physical requirements. However, FAA is often unable to ver-
ify that smaller pilots would be accommodated because it is attend-
ing to other more critical design issues.

Manufacturers are responsive to their carrier customers within
the FAA guidelines; they consider the accommodation of women
and smaller-statured people in any design, but just how much of an
issue it becomes—how big the envelope, how adjustable the seat—
is based on the particular customer’s preference. Few customer air-
lines are concerned with accommodating women pilots specifically,
but some have made queries pertaining to height requirements and
other human factors issues. The European airlines tend, on the aver-
age, to be more savvy about human-machine interface and
ergonomics. For example, KLM has sophisticated human factors
capabilities and is known for considering the “social” impacts of
design. Whether one can attribute this sensitivity to the relative
strength of unions or to the traditions of social democracy is open
for debate.

Domestic airlines may inquire about physical stature in the con-
text of labor relations. Manufacturers are occasionally contacted by
the carriers’ legal departments, which fear that the airlines will be
sued for employment discrimination because height and strength
requirements for pilots are so high as to exclude a significant num-
ber of women. For example, a woman pilot trainee who failed a sim-
ulator test might claim that the airline, and the aircraft itself, are
biased against those with less upper-body strength. The airlines fear
that they will be unable to justify such requirements as bona fide
occupational qualifications critically related to job performance.
Airlines have contacted private anthropometric consultants to help
redefine height criteria to avoid allegations of sex discrimination.

Airframe manufacturers are also sensitive to the perception that
as the ethnic and racial makeup of the nation changes, the accom-
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modation of smaller men will become increasingly necessary. In
addition, the prospect of foreign sales, both military and commer-
cial, to countries with different-sized populations makes accommo-
dation an important economic consideration. In the first paragraph
of a memorandum to the Under Secretary of Defense (Acquisition),
Assistant Secretary of Defense Edwin Dorn stressed that

a reduced JPATS sitting height threshold will also expand accommo-
dation of shorter males who may have previously been excluded from
pilot training. For potential foreign military sales, this enhances its
marketability in countries where pilot populations are of smaller aver-

- age stature. (E. Dorn, Memorandum on JPATS Cockpit Accommoda-
tion Working Group Report, Oct. 19, 1993, unpublished data)

However, most foreign countries—excluding those of Western
Europe—are not concerned with these types of human factors
issues and rarely inquire about cockpit accommodation. In
addition, international anthropometric data are very difficult to
compile or access. Foreign militaries, often the repositories of
such data, are hesitant to release their information for national
security reasons.

Those airframe manufacturers who also build defense air-
craft have been sensitized to the issue of accommodation in
commercial planes. Government contracts are much more specific
in their design requirements and are beginning to specify the
need for the accommodation of women. Contractors try to stay one
step ahead of the Pentagon to win their share of a decreasing
number of procurements. For example, McDonnell Douglas has
been an advocate of female accommodation for years because it
foresaw that the women-in-combat exclusion would even-
tually be eliminated. Its human factors division invested heavily
in human factors research to be better positioned to win govern-
ment contracts.

CONCLUSION

Some argue that the issue of design accommodation is not about
women but about the ways in which aircraft have evolved over the
past 80 years. Most of the current inventory was designed before
women had entered the profession. As Reppy (1) notes, “Closure
in the design of these [technologies] ha[d] been reached in a time
and context in which the idea of women as potential users was not
considered; in effect, the current technologies were born gendered.”
A cycle was created whereby an older population of predominantly
male pilots defined the design of new aircraft, which, in turn,
defined the operational requirements for new pilots. The new gen-
eration of pilots—women included—must distinguish between
legitimate operational requirements instituted for safety and effi-
ciency purposes and the residue of male bias from decades as a
single-sex profession.

Others argue that design accommodation is not a gender issue,
but one solely concerned with size and stature. Physical systems and
accoutrements cannot be designed for the typical human because
humans come in different shapes and sizes. Smaller-statured
individuals—male and female—are discriminated against in
design, but women, who are smaller on the average, tend to suffer
disproportionately. Men’s and women’s bodies are biologically dif-
ferent, but women must “pass” as men to have legitimate claim to
certain professions and technologies. Women pilots are left with a
quandary: do they prove that they can meet male standards or do
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they work to change the standards and the technology because the
standards tend to disproportionately exclude women?

As airlines downsize and the competition for pilot positions
increases, few women or smaller-statured pilots are likely to com-
plain about any perceived lack of accommodation and demand spe-
cial treatment. Private airframe manufacturers are accountable to
their airline customers, many of whom either are not concerned
about this issue or do not receive sufficient input from their line
pilots. Customers have traditionally been more concerned with
profit or payload motives, such as the number of passenger seats and
cargo capacity, than with cockpit requirements (/2). In addition,
there is speculation that the JPATS project will be delayed indefi-
nitely or abandoned because of budgetary constraints.

The civilian public sector may be the proper channel through
which issues of design accommodation can be addressed and regu-
lated. An editorial in Aviation Week and Space Technology (March
30, 1992) claims that “only the federal government is likely to pur-
sue the high-risk type of basic research that is needed to keep the
aerospace industry on the forefront of human factors knowledge.”
Such research at FAA and NASA is funded at only approximately
$45 million per year despite 65 percent of air transport accidents
being attributable to human factors and flight crew error.

In the absence of other initiatives, it may be the role of FAA not
only to investigate the potentially discriminating effects that design
may have on women’s opportunities in the pilot profession but also
to facilitate the transfer of knowledge from military to commercial
sectors in this area (/3). Design accommodation of women offers
tremendous opportunity for technology transfer to civilian trans-
portation because the military, with its stringent specifications, sen-
sitizes engineers to the inclusion of women in design. Often this
kind of transfer occurs internally between the commercial and
defense divisions within the same company. Individuals who work
on both sides encourage a cross talk in techniques and expertise.

However, more public-sector involvement in creating effective
coupling between all areas of research and development that are
pertinent to both military and civil systems is warranted. The world-
class capabilities of the Department of Defense laboratories need to
play a key role in the strategies for human factors research in the
civilian sector. Cooperative research and development agreements,
which have given the laboratories a mandate to expand their ties
with industry, would allow their researchers to develop consortia of
airlines, airframe manufacturers, and consultants to create a more
comprehensive data base of civilian dimensions. One informant
suggested that such an arrangement be pursued to conduct a com-
prehensive collection of civilian female anthropometric data.

Whereas once federal research and development funds were allo-
cated to enhance the capacity of high-tech weapons systems, the
emphasis in the past decade has shifted somewhat to the use of
human resources to maximize the efficiency of such systems. In
light of defense cutbacks and changing social contexts, the public
sector also needs to take a more active regulatory role in equity
maximization. Regulating the accommodation of a larger pool of
pilots in the concept and design phase would ensure a more equi-
table outcome than relegating such issues to the logic of the market
and the courts.
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