




































































































































Flightcrew Situation Awareness

Figure 5. Sample ofVarious Formatting Conventions
Fora Given Geographic Fix

FAA Source Data

(FAA Order 8260.19/7100.11)

FAA to National Flight DataCenter
(Ref. FAA Order 7900.2)

U.S. Govt FitInfo Pub Supplement
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NOAA/DoD

50 00 00.00/030 00 00.00 (deg-min-sec)
50 00 OO.OOE/030 00 OO.OOS (ifnot N or W)

50°00'00.00"N 30°00'00.00"W

N50°00.00'W030°00.00'

N50 00.0 W030 00.0
-or-

N50 00.00

W030 00.0

N50° 00.0'

W030° 00.0'

NOAAARP 50°00'N-30°00'W
(Airport Reference Point)

Arinc424 specification:

Full FMS Conventions:

N50 00 0000 W030 00 0000

N5000.0W03000.0
N50W030

Abbreviated FMS entry format 5030N
(Waypoint formats for 5-character unnamed reporting points)
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Although there has been much progress made in integrating, prioritizing, and, when
appropriate, inhibiting unnecessary alerts, the HF Team isconcerned both that the
number and complexity ofwarnings and alerts has grown too large and that existing
warnings and alerts may not always be integrated into aconsistent scheme. Multiple
warnings and alerts may also mutually interfere or may interfere with flightcrew
communication at critical times. Contributing to this problem are FAA regulatory
standards that mandate the means by which aspecific warning or alert must be
implemented, regardless ofwhether it fits in with the warning or alerting philosophy
adopted by the manufacturer. Examples ofmandated warning systems that require
distinctively different warnings include landing gear, takeoffconfiguration, overspeed,
stall, Traffic Alert and Collision Avoidance System (TCAS), GPWS, and the predictive
and reactive windshear alerting systems.

The more unique warnings there are, the more difficult it is for the flightcrew to
remember what each one signifies. The result can be aconfused and distracted flightcrew
precisely at the time when prompt action may be necessary. Inappropriate use ofcolor,
sound, etc. may also cause confusion, as may several warnings and alerts going off in '
unison and perhaps conflicting with one another (e.g., the flightcrew ofthe Birgenair
Boeing 757 that crashed into the sea shortly after takeoff from Puerto Plata, Dominican
Republic may have been confused by conflicting stall and overspeed warnings coupled
with erroneous airspeed information). Increasing levels ofautomation coupled with the
evolving operational environment (e.g., Data link, the Future Air Navigation System, free
flight) and new safety systems (e.g., predictive windshear and enhanced GPWS) make it
more critical then ever that advisories, alerts, warnings, and status information be
properly integrated.

Feedback Needs

Empirical research, incidents, and accidents suggest that flightcrews tend to detect
unexpected automation behavior in these highly automated airplanes from observations of
unanticipated airplane behavior (e.g., speed or flight path deviations or unexpected
movement ofa control) rather than from displays containing information on automation
status/configuration.9 Since the information needed by the flightcrew to detect the
undesired automation behavior is already available on cockpit displays, this observation
suggests that current feedback mechanisms may be inadequate to support timely error
detection.

Several incidents and accidents point toother vulnerabilities that are associated with the
autoflight system masking system failures or other causes ofin-flight upsets. These
vulnerabilities result when the autoflight system initially masks the in-flight upset, then
suddenly disengages or is unable to maintain control when it runs out ofcontrol authority.
Because ofthe masking effect ofthe autopilot, these situations may not be adequately

9Sarter, Nadine B. and David D. Woods. 'Now in the worlddid we ever get into that mode?' Mode Error
and Awareness in Supervisory Control. Human Factors, 37(1), 5-19, 1995.
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addressed bythe current autopilot regulatory requirements. Examples that illustrate these
vulnerabilities include:

• A China Airlines Boeing 747 in 1985 lost power onone engine during cruise in
autoflight. The captain was unaware of theengine failure, in part because the
autopilot compensated for theresulting yaw until control limits were reached. Upon
disengagement of the autopilot, the resulting transient caused arapid roll and steep
dive angle. Thecaptain was able to successfully regain control ofthe airplane.

• An AmericanEagle Aerospatiale ATR-72 crashed near Roselawn,Indiana in 1994
after a severe icing encounter. The autopilot disconnected shortly after the ailerons
deflected, initiating an abrupt roll to theright that the flightcrew was unable to arrest.

• A numberofhigh altitude upset incidents haveoccurred on the Airbus A300-600 in
which FMS performance data indicated an altitude capability very near thebuffet
limit. When turbulence was encountered, the autopilot would disconnect, leaving the
flightcrew with an airplane out oftrim, near buffet, and with marginal stability.
Serious turbulence or flight control-induced "airplane-pilot coupling" incidents have
also been encountered on the Douglas MD-11, involving a fatality inone instance.
These incidents appear to beexacerbated by high altitude stability characteristics,
flightcrew unfamiliarity with these characteristics, and autopilot interactions.

The type of feedback provided to the flightcrew is changing with the evolving technology
in both the flight deck interface and the flight control systems. In many areas, tactile
feedback is being replaced by visual annunciations. Although the same information may
be present, its form has changed. One particular example ofthis change is illustrated by
the use ofnon-moving autothrottles in Airbus A320/A330/A340 airplanes. In these
airplanes the thrust levers do not move in response to changes in thrust commanded by
the autothrust system. The tactile cues present in other airplanes (which Airbus suggests
may bemisleading because the thrust lever position isonly an indication ofthe
commanded thrust level) are replaced byadditional visual cues (e.g., flight mode
annunciations, aspeed trend symbol on the PFD, and enhanced presentation ofengine
parameters) augmented byenvelope protection features and aural alerts (on some
airplanes) for low energy state.10

Another example ofachange inthe type of feedback provided in the A320/A330/A340
airplanes isthe use of uncoupled sidesticks, which do not provide direct tactile feedback
ofapilot's control stick inputs to the other pilot, nor feedback as to the position or
movement of the flight control surfaces. Because the uncoupled sidesticks make itmore
difficult to for flightcrews to discern the other pilot's inputs (and there have been cases of
inadvertent conflicting flightcrew inputs), there are additional flightcrew coordination

10For adiscussion ofthe potential benefits and disadvantages ofnon-moving autothrottles, refer to SAE
Technical Paper Series, number912225, British Airways Airbus A320 Pilots' Autothrust Survey, by Steve
Last and Martin Alder; and National Aerospace Laboratory ofthe Netherlands, NLR TP 94005,'Pilot
Performance in Automated Cockpits: AComparison ofMoving andNon-Moving Thrust Levers by HH
Folkerts and P.G.A.M. Joma.
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issues to address. It is difficult to determine whether the changes in the type offeedback
associated with the non-moving autothrottles and uncoupled sidesticks meet (or do not
meet) the pilot's needs, however, because ofalack ofunderstanding and consensus of
precisely what type and amount offeedback are necessary.

Despite the amount of interest paid to the specific design features noted above, there are
other more generic examples ofthe changing nature offeedback associated with highly
automated airplanes that also need further attention. Just as in the examples cited above,
however, there is alack ofconsensus on their relative importance and potential effects '
Nonetheless, one example is the increased use ofthe visual channel to sense the present
and future flight path through display annunciations rather than the tactile sensations of
the movements ofthe control column and thrust levers. We also heard from several
operators that the use ofautoflight systems has increased the need for verbal
communications between flightcrew members, because it can be more difficult for pilots
to discern the inputs and the intentions ofthe other pilot. Often, these inputs affect the
future flight path ofthe airplane rather than the current flight path, and the delay between
the action and the effect raises coordination issues. Another example is provided by the
trend in modern autopilot design to use very gradual flight path changes for improved
passenger comfort. The situation may be further aggravated by quiet flight decks, where
auditory cues (e.g., those associated with engine thrust changes) are not as noticeable.

Other automation issues, such as flightcrew complacency and over-reliance on
automation, should also be considered in examining flightcrew feedback needs. An in
flight upset ofaBoeing 747 operated by Evergreen International Airlines in 1991 (and
other similar incidents) highlighted the vulnerabilities related to these issues when
accompanied by ahard-to-detect automation failure. In the 1991 incident, an autopilot
failure caused adeparture from the desired flight path in the form ofaslow roll that was
below the threshold for flightcrew perception. Outside visual references were also
unavailable. The flightcrew first became aware ofthe resulting flight path deviation and
excessive bank angle when the inertial navigation system FAIL lights illuminated. They
then noted that the instruments indicated abank angle in excess of90 degrees. '

The HF Team concluded that there is alack ofcredible data and consensus regarding
what constitutes effective feedback and how best to provide it. We found strongly held,
but differing opinions regarding the proper balance between visual, aural, and tactile
feedback under different situations. Additional work needs to be done to understand and
objectively evaluate flightcrew feedback needs.

Hazardous States of Awareness

Inattention, or decreased vigilance, is often cited in ASRS reports, and has been a
contributor to operational errors, incidents, and accidents. Decreased vigilance manifests
itself in several ways, which can be referred to as hazardous states ofawareness. These
states include:
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• Absorption. Absorption is astate ofbeing so focused on aspecific task that other
tasks are disregarded. Programming the FMS to the exclusion ofother tasks, such as
monitoring other instruments, would be an example ofabsorption. The potential for
absorption is one reason why some operators discourage their flightcrews from
programming the FMS during certain flight phases orconditions (e.g., altitudes below
10,000 feet).

• Fixation. Fixation isa state ofbeing locked onto one task orone view ofa situation
even as evidence accumulates that attention isnecessary elsewhere orthat the
particular view is incorrect. The "tunneling" that can occur during stressful situations
is an example offixation. For example, apilot may be convinced that ahigh,
unstabilized approach to landing is salvageable even when other flightcrew members,
air traffic control, and cockpit instruments strongly suggest that the approach cannot
be completed within acceptable parameters. The fixated pilot will typically be
unaware ofthese other inputs and appear tobe unresponsive until the fixation is
broken. Fixation is difficult to self-diagnose, but itmay be recognizable in someone
else.

• Preoccupation. Preoccupation is astate where one's attention is elsewhere (e.g.,
daydreaming).

Decreased vigilance can be caused or fostered by anumber offactors, including:

• Fatigue. Fatigue has been the subject ofextensive research and is well recognized as a
causeofdecreased vigilance.

• Underload. Underload isincreasingly being recognized as a concern. Sustained
attention isdifficult to maintain when workload isvery low.

• Complacency. Automated systems have become very reliable and perform most tasks
extremely well. As aresult, flightcrews increasingly rely on the automation. Although
high system reliability is desired, this high reliability affects flightcrew monitoring
strategies ina potentially troublesome way. When a failure occurs orwhen the
automation behavior violates expectations, the flightcrew may miss the failure,
misunderstand the situation, or take longer to assess the information and respond
appropriately. In other words, over-reliance on automation can breed complacency,
which hampers the flightcrew's ability to recognize afailure or unexpected
automation behavior.
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Recommendations

Recommendation SA-1

The FAA should require operators to increase flightcrews' understanding ofand
sensitivity to maintaining situation awareness, particularly:

• Mode and airplane energy awareness issues associated with autoflight systems
(i.e., autopilot, autothrottle, flight management system, and fly-by-wire flight
control systems);

• Position awareness with respect to the intended flight path and proximity to
terrain, obstacles, or traffic; and

• Potential causes, flightcrew detection, and recovery from hazardous pitch or
bankangle upsets while under autopilot control (eg.,wake vortex, subtle
autopilot failures, engine failure in cruise, atmospheric turbulence).

Discussion ofRecommendation SA-1 •

This recommendation is intended as anear-term temporary solution until these issues are
more comprehensively addressed in design, flightcrew qualification/training, and
operational procedures. In coordination with the FAA, airplane manufacturers and
operators should develop and issue additional guidance emphasizing the importance of
maintaining situation awareness in highly automated airplanes. This guidance should
include discussion and examples ofmonitoring techniques and the potential hazards
associated with inadequate monitoring or understanding ofautoflight modes, airplane
energy state, position and flight path, and the potential causes and characteristics of in
flight upsets that may initially be masked or otherwise exacerbated by the autoflight
system. Examples should be provided ofproblems encountered in incidents, accidents,
in-service difficulties, and training. Examples ofitems that flightcrews should be. made
aware of include:

(1) The lack oflow speed protection features in many autopilots when in any vertical
mode;

(2) Situations in which uncommanded or indirect mode changes may occur, and the
implications of those mode changes; and

(3) Situations that can result in hazardously low energy states when using the control
wheel steering autopilot mode on airplanes with aconventional control system or
during manual flight ofairplanes with a fly-by-wire control system when the
particular implementation ofthese systems results in neutral longitudinal speed
stability (i.e., stick force versus speed).
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The information provided should take into account the clarity and completeness of
existing flightcrew operating manual (FCOM) information available to flightcrews and
should emphasize critical FCOM information related to major areas ofvulnerability (as
determined from incidents, accidents, etc.). This information should be provided through
existing methods for increasing flightcrews' awareness ofspecific safety issues.
Examples include manufacturers' publications (operator letters, bulletins, and periodicals)
or special topic training aids (e.g., Windshear Training Aid, TakeoffSafety Training
Aid), operators' publications (safety bulletins, newsletters), and regulatory agency
advisories (e.g., FAA Flight Standards Information Bulletins, Handbook bulletins).

Recommendation SA-2

The FAA should require operators' initial and recurrent training programs as well
as appropriate operating manuals to:

• Explicitly address autoflight mode and airplane energy awareness hazards;
• Provide information on the characteristics and principles ofthe autoflight

system's design that have operational safety consequences; and

• Provide training to proficiency of the flight management system capabilities to
be used in operations.

DisCUSSion ofRecommendation, flA-?-

This is afollow-on recommendation to Recommendation SA-1 and is intended to address
the same issues on alonger term basis. (See also Recommendation Knowledge-2.)

Operators should be required to incorporate the information developed in response to
Recommendation SA-1 into their initial and recurrent training programs as well as into
appropriate operating manuals. In addition, the HF Team considers it important for
operators and flightcrews to understand the manufacturer's underlying design principles
for the automation, including both higher level philosophy (e.g., the reasons for
automating aparticular function) and lower level principles and characteristics that have
operational safety consequences (e.g., the basis for the computation ofvertical flight
profiles or one-engine-inoperative driftdown profiles). Operating procedures should as
appropriate, be consistent with the underlying automation design principles.

Flightcrews should be given sufficient training on using the FMS to ensure proficiency at
least for those capabilities used in normal day-to-day operations. The HF Team considers
the practice ofexpecting flightcrews to acquire these basic skills while flying the line to
be inappropriate.

Page61



Report of the FAA Human Factors Team

Recommendation SA-3

The FAA should encourage the aviation industry to develop and implement new
concepts to provide better terrain awareness.

Discussion of Recommendation SA.V

Continued vulnerabilities to controlled-flight-into-terrain accidents demonstrate the need
for further improvement in this area. The objective ofthis recommendation is to
encourage timely development ofbetter defenses against this class ofaccidents New
approaches are needed to supplement or replace the current ground proximity warning
systems, such that earlier indications and warnings ofpotential collisions with terrain are
provided and nuisance warnings are minimized.

Apotential approach currently being proposed uses terrain databases in conjunction with
accurate position information (e.g., from the global navigation satellite system),
prediction algorithms for the airplane's future flight path, graphical terrain depiction on
an electronic display, and suitable flightcrew alerting. The HF Team supports this
approach, but candidate proposals should be carefully evaluated to ensure proper
mtegration with other flight deck systems and displays, and that human performance
issues and other potential hazards (e.g., errors in terrain databases) are satisfactorily
addressed. J

Recommendation SA-4

The FAA and the aviation industry should develop and implement aplan to
transition to standardized instrument approaches using lateral navigation (LNAV)
and vertical navigation (VNAV) path guidance for three-dimensional approaches.
The use ofapproaches that lack vertical path guidance should be minimized and
eventually eliminated.

Discussion ofRecommendation SA-4-

This recommendation is intended to reduce the vulnerability to controlled-flight-into-
terrain accidents, especially those associated with approaches lacking suitable approach
guidance. To accomplish the goal ofthis recommendation, asuitable existing or newly
established working group should be tasked to recommend an implementation plan and
schedule to the FAA. The working group should include at least representation from FAA
Aircraft Certification, Flight Standards, and Air Traffic Services, operators, airplane and
avionics manufacturers, pilots, and other affected parties.
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Recommendation SA-5

The FAA should encourage the exploration, development, and testing of new ideas
and approaches for providing effective feedback to the flightcrew to support error
detection and improved situation awareness.

Discussion of Recommendation SA-S-

The FAA should encourage, either through research, technical committees, or other
collaborative processes, the development ofnew approaches, tools, and criteria for
improving feedback in the cockpits ofhighly automated airplanes under normal,
abnormal, and emergency conditions. This effort should address:
• Flightcrew information needs;

• How to provide better feedback ofairplane energy state trends;
• Issues related to the value ofspecific types offeedback (e.g., when is tactile feedback

necessary?); such as

- Whether, and under what circumstances, one feedback channel can be
substituted for another (e.g., visual for tactile);

-Overloading of feedback channels (e.g., guidance on the maximum acceptable
number of discrete auditory alerts);

• How automation can potentially mask situations that may develop into problems;
• Changes in flightcrew information needs and feedback effectiveness in going from

normal to abnormal to emergency conditions (e.g., investigate issues such as display
de-cluttering, integration ofwarnings and alerts);

• Masking ofabnormal situations by the autoflight system;
• Improved methods ofpresenting vertical flight path information to the flightcrew;
• How to reveal transitions across modes (show events, targets, and indirect mode

transitions);

• How to show the future airplane behavior (reveal what should happen next and
when);

• How to reveal patterns (pilots should be able to scan at aglance and pick up possible
unexpected or abnormal conditions, rather than have toread and integrate each
individual piece ofdata to make an overall assessment);

• How to provide flightcrews with feedback to help themunderstand the behavior of
autoflight systems, especially with respect to vertical navigation (i.e., what it is doing
now andwhat it is goingto do in the future); and
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• How to provide better feedback onthe activities of the autoflight system, particularly
when:

(1) The autoflight system takes anaction not explicitly directed bythe flightcrew
(e.g., a mode reversion);

(2) The autoflight systemoverrides, denies, or otherwise inhibits an action
commanded by the flightcrew; and

(3) The autoflight system isabout to take anaction of interest to the flightcrew.

The process should include prototyping, testing, and widespread adoption ofsuccessful
innovations to aidawareness and monitoring, where better error detection is one criterion
for success. From this effort, the FAA should pursue internationally harmonized
guidelines for incorporating more effective feedback mechanisms related to both present
and future operatingenvironments.

Recommendation SA-6

The FAA should encourage standardization, as appropriate, ofautomation interface
features, such as:

• The location, shape, and direction ofmovement for takeoff/go-around and
autothrottle quick disconnect switches;

• Autoflight system mode selectors and selector panel layout;

• Autoflight system modes, display symbology, and nomenclature; and

• Flight management system interfaces, data entry conventions, and
nomenclature.

Discussion of Recommendation SA-fr

The FAA should encourage appropriate standardization ofautomation interface features
by supporting recently initiated efforts in industry technical committees and exploring
incentives for standardization (and possibly disincentives for inappropriate
differentiation) that would lead or assist in the development ofguidelines and standards.
These guidelines and standards should also address the use ofmulti-function controls and
differentiation ofcontrols by location, shape, and feel.

Standardization is not intended to substitute for human-centered design, but implemented
correctly, it can reduce the potential for flightcrew error. It can also reduce the training
burden for transitioning flightcrews and improve the reliability ofproper human response
particularly when reacting instinctively in critical situations. One potential pitfall of '
standardization that should be avoided is to standardize on the lowest common
denominator (e.g., disabling the autobrakes on airplanes that have this feature because it
is not included on all airplane types). Another potential pitfall is that inappropriate
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standardization, rigidly applied, can be abarrier to innovation, product improvement, and
product differentiation. In implementing this recommendation, these potential pitfalls
should be recognized and avoided. It may be appropriate to interpret this recommendation
asa request for consistency, rather than rigid standardization.

Recommendation SA-7

The FAA and the aviation industry should update or develop new standards and
evaluation criteria for information presented to the flightcrew by flight deck
displays and aural advisories (e.g., primary flight displays,
navigation/communication displays, synoptics showing system states).

Discussion ofRecommendation SA-7:

The objective ofthis recommendation is to encourage the industry to adopt standard
methods ofdisplaying information to the flightcrew on electronic displays (e.g., speed
and altitude tape displays, map symbols, attitude information for unusual attitudes, traffic
displays, systems displays). Consideration should also be given to new
communication/navigation system elements to be incorporated into cockpits, such as data
link, RNP, and enhanced GPWS.

Feedback issues associated with implementation of this recommendation should be
addressed in a coordinated manner with the effort recommended in Recommendation
SA-5.

Recommendation SA-8

The FAA should ensure that flightcrews are educated about hazardous states of
awareness and the need for countermeasures to maintainvigilance. The FAA should
encourage operators to:

• Develop operational procedures andstrategies to foster attention management
skills with the objective of avoiding hazardous states ofawareness; and

• Develop techniques to apply during training to identify and minimize hazardous
states of awareness.

Discussion ofRecommendation SA-8:

This recommendation is intendedto be a near term means ofaddressing the issues
associatedwith hazardous states ofawareness. Existing knowledge regardingstates of
awareness and attention management skills should be used to educate operators and to
facilitate development of the training techniques and operational procedures and
strategies referred to in the recommendation. For example,Crew ResourceManagement
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(CRM) training could include methods for recognizing hazardous states ofawareness in
other flightcrew members (e.g., fixation, absorption) as well as methods for combating
these states

Recommendation SA-9

The FAA should sponsor research, or assure that research is accomplished, to
develop improved methods for:

• Evaluating designs for susceptibility to hazardous states ofawareness (e.g.,
underload,complacency, absorption); and

• Training to minimize hazardous states of awareness.

Discussion ofRecommendation SA-Q:

This recommendation addresses the hazardous states ofawareness issue from alonger
term perspective than Recommendation SA-8. Further research on the issue should be
sponsored by the FAA to develop criteria, tools, and methods for use in designing
systems that minimize susceptibility to hazardous states ofawareness, evaluating the
success ofthese designs, and for developing training techniques or system designs that
recognize and minimize these states.
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The HF Team examined several areas within the aviation system where there is
insufficient communication and coordination that can affect the safe operation ofhighly
automated airplanes. Insufficient communication and coordination have led to
incompatibilities between the capabilities ofhighly automated airplanes and the air traffic
service environment, and has inhibited the sharing ofin-service data to identify
vulnerabilities before they result in an incident/accident. Both inter- and intra-
organizational communication difficulties within the FAA can impede both FAA and
industry personnel from performing their respective roles in aconsistent and ideal
manner. Lack ofcoordination has also resulted in or contributed to aproliferation of
technical committees dealing with identical (or nearly identical) issues, and research that
is either incomplete ordoes not get applied.

Incompatibility Between Airplane Capabilities and the Air Traffic
Service Environment

'7do not believe thatATC controllers understand the operation ofcomputer driven
aircraft..."

"Controllers need to understand the increase in workload that isplaced on a2-man crew
using an FMC when giving restrictions and holding instructions... We areplagued with
late clearances, frequent changes..."

"Simple changes to [ATC] procedures would help cut out workloadso we could keep our
heads out ofthe cockpit and still use the computer..."

- Quotes from the ASRS database

In many ways, advanced cockpit automation has greatly added to the flightcrew's ability
to operate safely within the confines ofthe air traffic environment. Complex departure
and approach paths, altitude constraints, en route navigation, etc. can be pre-programmed,
reducing flightcrew workload and making iteasier, for the most part, to conform to air
traffic clearances. Certain features have been added, such as the electronic horizontal
situation indicator (i.e., "moving map" display), that assist the flightcrew in visualizing
andunderstanding the implications of these clearances.

We were provided with numerous examples, however, that provide evidence of
incompatibilities between highly automated airplanes and the airtraffic service
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environment. In the HF Team's discussions with airplane operators, pilot groups, and
airplane and avionics manufacturers, there is broad consensus that these incompatibilities
represent asignificant issue impacting the safety and efficiency ofcurrent operations. For
example, late changes to approach and landing clearances can create potentially unsafe
high workload situations for the flightcrews ofhighly automated airplanes as they attempt
to reprogram the revised arrival information. Or flightcrews may be forced to revert to
lower levels ofautomation, thereby negating any advantages that may have been
available through use ofthe full automation capabilities.

As another example, some established approaches and departures are either incompatible
with highly automated airplanes ordo not allow optimal use ofthe automation. "Slam-
dunk" approaches, which involve high rates ofdescent in the last stages ofthe approach,
present problems for any airplane, highly automated or not. For example, approaching
San Francisco International Airport, it is not uncommon to be held ataltitudes over 7000
feet on the downwind leg, then be requested to turn onto the final approach leg, and land
with very little distance in which to accomplish the descent. The HF Team believes that
such procedures need to be carefully reviewed in order to provide the proper balance
between safety and capacity issues.

Ingeneral, problem areas fall into one of three classifications:

(1) Clearances that present difficulties for any airplane, but are particularly difficult
for highly automated airplanes, such as:

• Flight paths near the limit of the airplane's performance capability (e.g.,
"slam dunk" approaches);

• Last minute changes in identifying the runway to use for takeoffor
landing; and

• Late clearances for higher (or lower) altitudes during climb (or descent)
or for crossing constraints.

(2) Clearances that were developed for and based on the capabilities ofolder
airplanes, and may be difficult to perform using the advanced cockpit automation,
such as:

• Tracking outbound on aVery High Frequency Omnidirectional Radio
Range (VOR) radial;

• Back course approaches;

• Tuning and listening to the Automatic Terminal Information Service
(ATIS) in the rare instance when the ATIS frequency coincides with an
Instrument Landing System or VOR frequency rather than a
communication frequency; and

. Ago-around with an altitude, heading, or flight track that is complex and
differs from the published missed approach.
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(3) Clearances that do not take advantage ofthe unique capabilities ofFMS-equipped
airplanes, such as:

. Headings to intercept radials at an arbitrary point or flight over radio
navigational aids versus direct routings to awaypoint;

• Fuel- and airspace-inefficient climb and descent trajectories versus
VNAV trajectories that permit efficient, coordinated arrival and departure
paths; and

• Non-precision approach concepts with numerous step down fixes versus
three-dimensional LNAV/VNAV arrivals and departures that provide
vertical path guidance, and LNAV/VNAV approaches to arunway end
rather than to arbitrary points away from the landing flight path.

An additional concern with certain air traffic procedures has arisen recently with the
development ofhighly accurate navigation information (e.g., the Global Positioning
System (GPS)). For example, some procedures that may have provided appropriate
separation between airplanes on intersecting arrival and departure paths may no longer be
appropriate in aGPS environment. The high degree ofprecision provided by modern
navigation systems using GPS may actually increase the chance ofcollision ifthere is a
procedural failure or human failure in the use ofthese procedures. Examples include the
use ofacommon fix for arrival and departure procedures where aircraft are pointed
directly at each other during climb and descent, or oceanic tracks where aircraft are
assigned clearances to fly exactly the same oceanic track for long distances. These air
traffic procedures and routes should be re-evaluated and modified or eliminated.

Incompatibilities between airplane capabilities and the air traffic services environment
have resulted in inappropriate altitude, speed, and heading assignments, increased
controller and flightcrew workload, degradation offlightcrew situation awareness, and
inefficient use offuel and airspace. Additionally, air traffic procedure demands, ifnot
well coordinated with the users ofthe air traffic system and the airplane manufacturers,
add undue complexity to airplane autoflight system designs, operational procedures, and
training because ofthe variety ofprocedures that are developed without regard to airplane
system design consequences. Resolving this issue presents significant challenges on the
national level, but will be even more difficult when the international variation inair
traffic systems is considered.

Nevertheless, these concerns must be addressed. Early implementation ofnew CNS and
air traffic management concepts (e.g., increased use ofdirect routings, RNP, and free
flight), both in the U.S. National Airspace System and internationally, can play an
important role inresolving some ofthese incompatibility issues.
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Insufficient Communication About In-Service Experience

The aviation industry has an enviable overall safety record. In achieving this safety
record, the risk ofaccidents due to "simple" types offailures (e.g., equipment,
mechanical, orstructural failures from which recovery is impossible) has been greatly
reduced in the current generation oftransport category airplanes. Most ofthe accidents
now result from a number offactors converging ina particular way (i.e., an "accident
chain"11). Because accidents are so infrequent, accident data are insufficient to provide an
adequate source ofinformation for making further safety improvements. (See the section
entitled, "Measurement ofand Incentives for Safety," for further discussion ofthis point.)

Errors, incidents, and other in-service events provide vital data that can also beused to
prevent future accidents. As can be seen from the list ofincidents and accidents provided
in Appendix D, many ofthe accidents examined by the HF Team were preceded by
incidents involving similar circumstances. As one example, three years prior to the China
Airlines A300-600 accident atNagoya, Japan, anA310 was involved ina serious incident
ofasimilar nature. As another example, the A320 accident at Strasbourg, France was
preceded by several incidents that pointed tothe possibility for confusion over the
similarity between the vertical speed and flight path angle annunciations.

During the HF Team's discussions with the various segments ofthe industry, strong
concerns were voiced about thelack ofcommunication of in-service events data.
Although some sharing ofdata takes place, and there are systematic data collection
systems that deal with aportion ofthe available information (e.g., ASRS, British
Airways' Safety Information System), there is aneed for asystem-wide process for
collecting, analyzing, and reporting data to appropriate parties. The Department of
Transportation and the FAA have recognized this need and, with support from the
aviation industry, have outlined steps toward accomplishing this goal.'2 The HF Team
endorses this approach, but notes that timeliness is critical and that the resulting process
must be designed to adequately address human performance issues.

The HF Team also noted that information on difficulties encountered in operational
service or in training that could affect flight safety is not systematically being passed on
to flightcrews. Flightcrews may also be unaware ofthe particular circumstances involved
mrelevant accidents and major incidents. The HF Team considers it especially important
that flightcrews be made aware ofthis type ofinformation since, as end users in this
system, they are very important links in the safety chain. As an example, prior to the 1993
landing accident ofaLufthansa Airbus A320 at Warsaw, it was not widely recognized
that when landing with flaps "Full," there are certain conditions in which the spoilers may
not deploy on landing, even ifthe pilot manually moves the speedbrake control to the
deploy position.

|*Accident Prevention Strategies. Boeing Commercial Airplane Group, October, 1993
l2A viation Safety Plan. U.S. Department ofTransportation, February, 1996.
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Another example isa subtle and not widely known characteristic ofthe rudder throw
limiter on the Douglas MD-80. Following an engine failure or other thrust asymmetry, it
may be necessary for the pilot to first relax full rudder pressure, momentarily center the
rudder pedals, and then reapply full rudder pedal deflection in order to gain full rudder
travel authority. The consequences ofthis characteristic for some engine failure scenarios
were not widely known by MD-80 pilots, and may still not be known to pilots at some
operators. Nevertheless, it was reported to bea factor in an incident at one U.S. airline.
That airline subsequently incorporated information about this characteristic into manuals
and procedures. It isunknown how many other operators have addressed this issue. This
is an example ofthe type ofinformation that should be widely and quickly shared
between operators, manufacturers, pilots, and regulatory authorities to help prevent
recurrence ofpotentiallyavoidable incidentsand accidents.

In our meetings with operators, the operators noted that manufacturers frequently
requested data from them, butdid not always share data that was inthemanufacturer's
possession. Operators are often told that the particular problem they reported was unique,
implying that the operator may have been at fault when the problem may actually have
been ageneric one. In turn, manufacturers claimed apaucity ofdata from operators.
Without sufficient data from the operators, manufacturers cannot identify and fix
problems.

The FAA requires air carriers and manufacturers to report equipment failures,
malfunctions, and defects, but does not require other types ofevents to be reported. In
some areas, FAA reporting requirements are very outdated. For example, current
requirements do not specifically address difficulties experienced in the
flightcrew/automation interface. As another consideration, FAA enforcement
responsibilities often inhibit the collection and sharing ofalarge and important segment
ofin-service data, particularly as itrelates to flightcrew performance. Liability concerns
are another inhibitingfactor.

Deficiencies in Information Provided to Flightcrews in Charts,
Approach Plates, Instrument Procedures, Meteorological Data, and
Notices to Airmen (NOTAM)

Information provided to flightcrews in charts, approach plates, instrument procedures,
meteorological data, and NOTAMs is sometimes difficult to read and understand, and the
information is not presented in aprioritized manner. Difficulties in reading and
understanding the charts may have been acontributory factor in the December, 1995
accident ofanAmerican Airlines Boeing 757 near Cali, Columbia.

The HF Team found that NOTAMs are perceived as being particularly difficult to read
and understand. Pilots must often look in several different locations tofind the relevant
information, abbreviations and terms, etc. As aresult, important information can easily be
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missed. Moreover, the system is inconsistent internationally, and is not well suited to the
needs offlightcrews ofhighly automated airplanes.

Communication and Coordination Deficiencies Within the FAA

The FAA is staffed with highly skilled and dedicated employees. However, the HF Team
found that links between FAA organizations are sometimes too weak, such that many
FAA personnel are unable to take full advantage ofexpertise outside oftheir own
organization. For example, many Aircraft Certification and Flight Standards Services
personnel rarely have contact with other FAA offices with which they should be routinely
commumcating. Also, difficulties were observed in the coordination ofFAA research
activities with the needs ofFAA certification or operations specialists, and in the
dissemination ofresearch results to the appropriate specialists.

Due to the make-up ofthe HF Team, Team members have first-hand experience of
communication and coordination difficulties between the Aircraft Certification and Flight
Standards Services. Certification personnel may be unaware ofsome ofthe particulars of
the operational environment, including the capabilities and limitations ofcurrent line
pilots and the environment in which they operate. Flight Standards personnel may be
unaware ofairworthiness certification requirements or the assumptions about the
operational environment made during certification. Therefore, it is extremely important
for specialists from these organizations to constantly interact with each other. Inadequate
communication and coordination between these groups can result in inconsistencies
between the airworthiness assumptions made during certification and the operational
suitability ofa product in service.

Good communication and coordination are especially difficult for supplemental type
certification projects when the project's Aircraft Certification Office (ACO) does not
have an Aircraft Evaluation Group (AEG) associated with it, or ACO personnel are not
used to working with an AEG. Another area in need of improvement is the lack offormal
^°™ment by aPPr°Priate AC0 Personnel in the Flight Operations Evaluation Board
(FOEB) and the Flight Standardization Board (FSB). The FOEB's principal task is to
develop the Master Minimum Equipment List, which addresses the acceptability of
operations with inoperative equipment. The FSB sets flightcrew qualification standards
Participation by relevant specialists from the ACO is necessary to identify and explain the
assumptions made during the type certification approval process. Currently, participation
ofACO representatives in the FOEB and FSB is infrequent due primarily to alack of
resources. Similarly, the involvement ofAEG personnel in airworthiness certification
efforts is often resource-limited.

The HF Team also found deficiencies in communication and coordination within and
between other FAA organizations. Too often, FAA offices operate independently ofeach
other, providing different levels ofservice and interpretive guidance to applicants The
Directorate system has helped to remedy this situation to some extent, but it has not
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eliminated the problem. Applicants continue to complain about uneven treatment by
different FAA offices, and the HF Team was provided similar comments.

Coordination ofTechnical Committees

There are too many technical committees working independently on the same, or very
similar, issues with little coordination between them. These groups often have some
differences in their charters, but also have many common interests. In many instances,
these groups fail to communicate with each other on common issues. For example, flight
management system issues are being discussed by the Airlines Electronic Engineering
Committee, an Air Transport Association ofAmerica (ATA) task force, the Radio
Technical Commission for Aeronautics, the International Civil Aviation Organization
(ICAO), and three Society ofAutomotive Engineers (SAE) committees (S-7, G-10, and
G-13). As another example, within SAE alone, there are three separate committees (G-10,
A-4, and S-7) working on Head-up displays. None ofthese committees are coordinating
with the FAA/JAA all-weather operations harmonization effort, which is an important
customer for SAE's efforts. Limited regulatory and industry resources make itdifficult to
support this proliferation ofindependent committees dealing with common orrelated
issues.

Coordination and Communication Between Research Community and
End Users

The research community has devoted significant attention to human factors. For avariety
ofreasons, however, there has not been agood record ofapplying relevant research
results related to flightcrew performance and the flightcrew-automation interface! Some
research results gounused simply because those who can apply them are unaware of the
research. Other research goes unused because the results are incomplete, orthey are inan
unusable form. Vital pieces of information may bemissing, orthe research may not have
been carried far enough to use it ina commercial application. Finally, industry is
sometimes reluctant to incorporate technology andotherresearch results thatwere not
developed in-house. Thesedifficulties in applying humanfactors research resultshave
contributed to the inadequacies of thedata, tools, and guidance available to designers,
operators, andregulators, particularly evaluation tools andmethods forevaluating human
performance.

The HF Team found that many communication breakdowns are occurring in the research
projectdefinitionand resultstransferprocess. Not only are potential users sometimes
unaware of relevant research results, butalso researchers arenot always aware of the
needsand constraints ofairplane design, operation, and certification. The HF Team
believes that researchers and research sponsors need to become moreactively involved in
seekingout practical research needs and constraints, and in supporting the transferof
results. Regulators/designers/operators should ensure that their needs and constraints are
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communicated and that processes are established to disseminate and use applicable
research results.

The HF Team also found that measures ofsuccess for research projects are often not
oriented toward technology transfer. Success appears to be more often determined by
publishing apaper, holding asymposium, or obtaining continued funding, rather than
practical application.

Another concern ofthe HF Team is that some ofthe research being done in flight deck
human factors consists ofseparate projects that are not well coordinated. Although there
may be organizational and ad hoc ties between researchers, no single organization
identifies and tracks high-level research needs on anational orinternational level. For
example, the issue ofmode awareness has been recognized for several years. Yet, no
organization has identified the high-level research (and any other) needs that would
provide the complete results, guidelines, and data necessary to resolve this problem from
adesign, regulatory, training, and operations perspective. As aconsequence, there are
examples, such as the many individually very good and relevant projects addressing
mode awareness, that have not been planned and coordinated in such away to ensure that
the issue will be fully addressed.

Recommendations

Recommendation Comm/Coord-1

The FAA should identify existing air traffic procedures that are incompatible with
highly automated airplanes. These incompatible procedures should be discontinued
or modified as soon as feasible.

Discussion ofRecommendation Cmmyo^.]-

This recommendation is intended to provide ashort term solution to the incompatibility
problems that currently exist between highly automated airplanes and the air traffic
system In cooperation with system users, the FAA should identify and resolve any
particularly difficult or troublesome procedures. Example candidates for evaluation
include complex departures or arrivals into major hubs, excessive descent gradients VOR
radial intercepts or crossing constraints that are not well suited to FMS operations.

With ATA support, the FAA should consider requesting the ATA/FAA Flight
Management System Task Force to identify incompatible procedures as candidates for
discontinuation ormodification. wumiuaies ior
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Recommendation Comm/Coord-2

The FAA should task an existing advisory group or, if necessary, establish anew
forum to ensure coordination between the design ofair traffic procedures anS the
design and operation of highly automated airplanes.

PiSCUSSion ofRecnmmftnHatjon Cnmm/rv^TH.O-

This recommendation is intended to provide along term solution to current and future
incompatibilities between highly automated airplanes and the air traffic service
environment. Representation in this forum should include airplane operators, airplane and
avionics manufacturers, pilot groups, air traffic service providers and regulatory
authorities, as well as other users ofthe air traffic system and suppliers ofairplane and air
traffic systems equipment as necessary. This forum should coordinate closely with other
national and international bodies dealing with airspace and air traffic procedure issues to
ensure that overlap, duplication ofeffort, and conflicting solutions are minimized
International participation is appropriate to address the incompatibility issue on aglobal
basis.

This forum should be used to ensure that, within the constraints imposed by other
airspace users, air traffic procedures make optimum use ofadvanced airplane automation
in terms ofsafety as well as economic efficiency. Airplane automation should be
designed to allow the flightcrew to easily comply with air traffic procedures and vice
vercnversa.

Implementation of the airplane automation should be such that different airplanes
performing the same procedure do so in asimilar manner for both safety and system
efficiency reasons. For example, when flying from one altitude constraint to the next in
VNAV, all airplanes should be capable ofsatisfying critical constraints in a consistent
manner (e.g., by using the same type offlight path between altitude constraints). This
would aid both flightcrews and air traffic personnel relative to their expectations ofthe
airplane's flight path.

Coordination efforts similar towhat the HF Team isrecommending on asystem-wide
basis have been undertaken ona limited scale inresponse to the challenges ofcertain new
capabilities (e.g., data link, free flight). The HF Team is concernedthat these
coordination efforts are not institutionalized andarenotoccurring onan international
basis such that criteria, equipment, and procedure changes are systematically evaluated
for potential incompatibilities. Also, efforts that end when the new capabilities are
introduced cannot resolve problems that may arise ona continuing basis as the CNS
systems evolve.
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Recommendation Comm/Coord-3

The FAA should lead an industry-wide effort to share safety information obtained
from in-service data and from difficulties encountered in training. This effort should
be capable ofassisting in the identification and resolution ofproblems attributed to
flightcrew error.

Discussion of Recommendation Cnmm/Coord-3:

The HF Team recognizes that many issues must be resolved for industry-wide data
sharing to occur, especially on an international basis. The HF Team notes both the
significant progress that has been achieved thus far on this very important safety initiative
and the commitment from the aviation community to implement it. The HF Team
strongly supports this effort. We recommend that these efforts be accelerated. Asnoted in
this report, problems currently attributed to flightcrew or other human errors are
frequently associated with underlying deficiencies in design, flightcrew qualification and
training, operational procedures, or other sources, and should not be focused exclusively
on flightcrew performance.

Apart from the legal issues that must be surmounted, the HF Team notes that the success
ofthis initiative relies on the quality ofinformation produced, the quality ofthe analysis
performed, and the communication ofthis information to those who can take meaningful
action. e

For the future, unproved data collection techniques should be considered, such as internal
and external video cameras, to record information that is currently unavailable from flight
data, cockpit voice and quick access recorders. Such information could include amore
complete picture ofmode annunciations, display states, and other visual feedback
dlte butt0 ^CreW'" We" " CXtemal faCtMS n0t "**"*»*« on « elec*>nic

Because it will probably be some time before aprogram is fully implemented, the HF
SETT??** AC FAA C°nSider"J""1* ** « oftheAviation
FAA^tt I^VentKm (ASAP) System t0 MM some of*• these objectives The
^^A^^"*^iS CUrremly USing ** System t0 *»* significJtI-ser^ceproblems ASAP information can be made available to authorized users witha corner
and amodem, including manufacturers and operators P**
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Recommendation Comm/Coord-4

The FAA should require operators to have an appropriate process with
tSSHT effCCtiVenMS' f°r informing flight^- about^vra'cidents,
SXST'andprob,ems encountered in *****that cou,d
DiSCUSSion ofRecommPr^tion rnm^/P^.i.

TWs recommendation addresses the HF Team's concern that information about known
safety problems may not be brought to the attention offlightcrews, or that such safety
information may not be sufficiently emphasized. Operators should have an effective
process, coordinated with the FAA, for accomplishing this task. In order to assure
effectiveness, operators should demonstrate that relevant safety information is effectively
conveyed understood, and put to use by flightcrews. Implementation of this process
could lead to changes in training, operational procedures, standard operating practices
policies, etc following an accident, incident, in-service-problem, or problem encountered
in training. When changes are made, the reasons for the changes should be explained to
flightcrews.

Operators may incorporate this process into their existing programs or they may use or
develop new means ofcommunicating this information to flightcrews. This
recommendation is primarily directed at Part 121 and/or Part 135 operators; however, this
process may also beuseful for Part 91 operations.

Recommendation Comm/Coord-5

The FAA should encourage the redesign and modernizationof the information
provided to the flightcrew in notices to airmen (NOTAMs), charts, approach plates,
instrument procedures,meteorological data, etc The information should be
prioritized andhighlighted in terms of urgency andimportance, and presented in a
clear, well-organized, easy-to-understand format suitable for use with current and
future airplanes.

Discussion ofRecommendation Comm/Coord-5:

Information toflightcrews should be presented in an easy-to-read format with important
information highlighted. For example, information on ground navigation equipment
outages that could affect FMS navigation orcause map shifts should besuitably
emphasized.

Because theproblem thisrecommendation addresses is international in scope, an
internationally harmonized solution should be obtained. This effort should be addressed
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by a working group consisting of the developers, distributors, and users of this
information.

Recommendation Comm/Coord-6

The FAA should improve and increase interaction between the Flight Standards
and Aircraft Certification Services.

Discussion ofRecommendation Comm/Coord-6:

Increased involvementof the AEG in type certificationand supplemental type
certification projects is needed to ensure that operational suitability is adequately
addressed. This is particularly true for projects involving ACOs that are not co-located
with an AEG, or for avionicsprojects approvedon Part 23 airplanesthat are later
extended to Part 25 air carrierairplanes. Humanfactors issues may be more readily
identified and resolved if the AEG is involved to provide a better understanding of the
operational environment in which theairplane willbe operated.

Increased participation by ACO specialists isneeded inFOEBs and FSBs to improve the
quality and efficiency ofthe process used todevelop Master Minimum Equipment Lists
and flightcrew qualification criteria.

The HF Team realizes that organizational changes currently being planned or
implemented within the FAA may affect the implementation ofthis recommendation.
Without presupposing the effects ofpotential organizational changes, one way to
implement this recommendation would be to form agroup ofappropriate Flight
Standards and Aircraft Certification personnel to develop guidelines for improving
interaction between the two services. This group should have representation that is
balanced and cognizant ofthe difficulties in existing communication and coordination
between the Services. All Flight Standards and Certification Service personnel should be
informed ofthe group's goals and progress, and be given an opportunity to provide input

Recommendation Comm/Coord-7

The FAA and industry should improve the coordination and distribution of tasks
undertaken by federal advisory committees and industry technical committees to
reduce overlap and avoid duplication of effort.

Discussion ofRecommPnH^ion Comm/PootH.7.

The FAA and industry should identify current working groups and technical committees
their membership, and the tasks they have been assigned. Ateam approach is needed to '
update charters for these groups such that overlap and duplication ofeffort are
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minimized. Groups working on similar or related tasks should be aware ofeach other, and
formal lines ofcommunication and coordination should be established between them.

Recommendation Comm/Coord-8

The FAA should improve communication about research programs, research
results, and advances in technology to appropriate FAA personnel.

Discussion ofRecommendation Comm/r!nnrH-«-

FAA personnel should be made aware ofresearch programs, research results, and
technology advances that are relevant to their area(s) ofexpertise. There are many ways
this recommendation could be accomplished, but an important consideration is that itbe
institutionalized. Means ofaccomplishing this recommendation could include any or all
ofthe following: FAA or outside briefings, training and education programs, newsletters,
membership in technical or professional organizations, subscriptions to technical or
industry journals, and partnerships with NASA, academia, and industry.

The implementation ofthis recommendation should be integrated with the
implementation ofRecommendation Knowledge-13.

Recommendation Comm/Coord-9

The FAA should hold research funding sponsors and researchers accountable for
supporting the transfer of research results.

Discussion ofRecommendation Comm/CnnrH-Q-

In providing funding for research, the FAA should require contractual obligations for
qualified reviews and for supporting the transfer ofresearch results to specified target
customers, which may not be the same as the funding organization. Technology transfer
requires additional efforts and resources beyond the research itself (although it should not
be considered to be acompletely independent activity). Resources for transferring the
results should be considered as high apriority as conducting the research, and the
program should be considered incomplete until the results have been reviewed for
potential transfer. The FAA should encourage other funding organizations to adopt
similar criteria.
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Recommendation Comm/Coord-10

The FAA should assure strategic leadership and support establishment ofa
coordinated research portfolio in aviation human factors on the national and
international levels.

Discussion of Recommendation Comm/Poord-in-

Better coordination should be established between the FAA (including each ofthe major
Services), NASA, the Department ofDefense, the aviation industry, academia, and
possibly the National Science Foundation and National Research Council to provide
strategic leadership in aviation human factors on the national level. This activity should
coordinate the appropriate international human factors activities (government, industry,
academia) to provide strategic leadership on the international level. Representation in this
activity should include amix ofskills and backgrounds, including strong representation
from manufacturers and operators.

This effort should be coordinated with the National Plan for Civil Aviation Human
Factors to assure awell-planned research portfolio. Responsible organizations must have
sufficient authority, both in terms offunding and program planning, to ensure that a
coordinated national research program can be effectively managed. There must be
accountability for developing and implementing arelevant and effective research
portfolio as well as facilitating the successful transfer ofresults. The activity should
include ameans to stay abreast ofrelevant research efforts conducted in other industries
or areas and ensure that results are considered for their applicability to aviation.

The research portfolio should reflect abalance ofappropriate factors, such as long term
and short term needs, and operational, engineering, and scientific goals. The costs and
benefits ofeach project should be assessed in terms ofhow the project fits into the overall
portfolio and the expected value ofthe potential results. Awell-coordinated research
portfolio would avoid unnecessary duplication ofeffort and to ensure that acritical mass
ofresearch activities is constantly being undertaken to resolve particular problems
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This section addresses concerns the HF Team has regarding the processes used for
design, regulatory, and training activities for the airplane types inour charter.

Design

"Human-centered automation: Automation designed to work cooperatively with human
operators in the pursuit ofstatedobjectives.

- Dr. Charles Billings13

"Recognize the pilot's world and design the airplane tofit it. Amore human-centered
design is needed."

- Amajor U.S. airline, identifying one oftheir top concerns to the HF Team

Improvements necessary in the application ofhuman-centered design

The development and introduction ofadvanced automated systems have increased the
efficiency, precision, and safety ofairplane operations. For the present and projected
airplane environment, current glass cockpit airplanes are easier to operate, inmost
respects, than their immediate predecessors (e.g., DC-9, B727, etc.). However, while
these highly automated aircraft are generally easier to operate in normal circumstances, or
in non-normal circumstances that are provided for in failure scenarios addressed by the
design (e.g., automatic electrical system reconfiguration following an electrical generator
failure), operations can become very confusing ifthe expected response does not occur,
or ifanovel malfunction or unusual combination ofmalfunctions occurs. The flightcrew
must be able to understand the automation's status and behavior, especially during
unusual or demanding situations.

Current automated cockpit systems have ahigh level ofboth autonomy and authority and
the systems have become more complex and numerous. However, the objectives oftheir
inner functioning may notalways beobvious to the flightcrew. The HF Team heard
evidence ofthis during our meetings with the operators (and pilot groups). As discussed
inthe section on "Flightcrew Management and Direction ofAutomation," we found that
pilots are still asking questions such as "What's it doing now?" "Why did it do that?" and

13Billings, Charles E., Human-Centered Aircraft Automation: AConcept and Guidelines. NASA Technical
Memorandum 10388S, August 1991.
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"What will it do next?" in reference to the actions ofcockpit automated systems. We
heard directly from one operator about the concern that "some recent airplane designs are
not pilot-centered." Another operator stated that one oftheir most important concerns is
having the airplane do something unexpected (e.g., not knowing what mode the airplane
is in, uncommanded mode changes, or unannunciated mode changes). The ASRS
contains numerous examples ofbreakdowns in interactions between the flightcrew and
the automation. (Refer to Appendix Ffor examples ofpilot reports extracted from the
ASRS.) While flightcrew qualification and training can address some of these issues, it is
noteworthy that these questions are also being asked by flightcrews who may have years
ofexperience and thousands ofhours ofexperience in aparticular airplane type. In such
instances, it isclear that training is not the only answer.

Each airplane manufacturer has adifferent philosophy regarding the implementation and
use ofautomation. However, there is general agreement that the flightcrew is and will
remain ultimately responsible for the safety ofthe airplane they are operating.

The way pilots operate airplanes has changed as the amount ofautomation and the
automations capabilities have increased. Automation has both provided alternate ways of
accomplishing pilot tasks performed on previous generations ofairplanes and created
new tasks. The pilot has become, in some circumstances, asupervisor or manager ofthe
automation. The increased use ofand flightcrew reliance on flight deck automation
makes itessential that the automation act predictably with actions that are well
understood bythe flightcrew.

The HF Team believes that flight deck automation must provide the flightcrew with
appropriate information about its intended course ofaction. The system must support the
flightcrew's ability to maintain ahigh level ofawareness about the automation status,
behavior, intention, and limitations in order to allow flightcrews to reliably and
efficiently coordinate their activities with the system.

Moreover, the automation must be designed to function in amanner that directly supports
flightcrews performing their tasks. If these human-centered design objectives are not met
the flightcrew's ability to properly control or supervise system operation is limited,
leadmg to confusion, automation surprises, and unintended airplane responses.

During our visits to the airplane manufacturers involved in this study, we saw evidence
that they utilize human-centered design principles to varying degrees when developing a
flight deck design. But our Team also found evidence that points to areas where the
application ofthese principles by each manufacturer could be improved. The HF Team
examined how the manufacturers address human factors issues in the design process and
noted the following: *

• Automation design principles are often not defined, documented, or
distributed to appropriate design, test, or training personnel.
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• Some flightcrew cognitive tasks are not comprehensively identified or
considered in the design.

• Flightcrew information and feedback requirements are not always clearly
identified or given high priority in making design tradeoffs.

• During the design process, flightcrew task allocation is not clearly identified
either between flightcrew members orbetween the automation and the
flightcrew. This can result in imbalances between tasks allocated to the pilot-
not-flying versus pilot-flying.

• Designers sometimes make flight deck and display design decisions based on
subjective assessments in balancing flight test pilot input, chiefpilot or project
pilot input, operator input, and economic input instead ofbeing data- or
service-historydriven.

The HF Team supports the concept that the pilot's interface with the system, including
task needs, decision needs, feedback requirements, and responsibilities, must be primary
considerations for defining the system's functions and logic, as opposed to the system
concept coming first and the user interface coming later, after the system's functionality
is fully defined.'* The HF Team's assessment ofrecent designs found numerous
examples where application ofhuman-centered design principles and processes could be
better applied to improve the design process and final product. The HF Team believes
that without more effort inthis area we will continue to see pilot-automation
communication breakdowns resulting inpotential future automation related incidents and
accidents.

Importance ofrecognizing human factors asa core discipline

Although each manufacturer utilizes human factors specialists to varying degrees, they
are typically brought into the design effort in limited roles or late inthe process, after the
operational and functional requirements have been defined. When joining the design
process late, the ability ofthe human factors specialist to influence the final design and
facilitate incorporation ofhuman-centered design principles isseverely compromised.
Human factors should be considered on par with other disciplines involved in the design
process.

Further discussion ofrelated issues can be found in the section on "Knowledge and Skills
ofDesigners, Pilots, Operators, Regulators, andResearchers."

,4Riley, Victor, What Avionics Engineers Should Know about Pilots and Automation. Honeywell
Technology Center.
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Regulatory Processes

"The next step isobvious: we must include Human Factors requirements into the
certification processes ofpeople, procedures, and technology, sothat Human Factors
issues are consideredatthe time when we are defining the blueprint ofour system, before
it isoperational and not after. This is, in my view, a cost-effective approach to anticipate
human error rather than regretting its consequences."

Mr. Jack Howell, Director, Air Navigation Bureau, ICAO, addressing the Opening
Session ofthe Third Global Flight Safety and Human Factors Symposium, Auckland,
New Zealand

Improvements necessary in the type certification process

Whereas incorporating human-centered design principles is important, so isthe
regulatory evaluation ofthe resulting systems to assure consideration ofthose principles.
Current regulations and associated guidance material do not provide criteria that
encourage or require manufacturers to develop and follow aflight deck design process
that comprehensively addresses human performance considerations. In addition, except
for flightcrew workload, the existing regulations and advisory material do not provide
regulatory authorities with the criteria and methods they need to conduct an evaluation of
human performance issues associated with the design (refer to the section on "Criteria,
Regulatory Standards, Methods, and Tools for Design and Certification"). Often,
evaluation of the overall flight deck design by regulatory officials is primarily conducted
near the end ofthe design cycle, during flight testing. This occurs late enough in the
design process that it is often difficult to make desirable design changes that have been
identifiedduring the evaluation.

Flight test evaluation is able to address many human performance concerns, but cannot
address them all. In some cases where it is considered too expensive to change the design,
aprocedure is developed to address the concern. An effort must be made to minimis this
method offixing vulnerabilities in the design. The concern here is that the "fix" may
mask the real problem, and ifthis operational procedure should be revised or eliminated
sometime in the future, the original design problem may become ahazard. Clear and
concise regulatory criteria and methods used during the flight deck certification process
would help in defining the boundary between unsatisfactory and unsafe features, and
thereby reduce this concern.

Another concern is that the personnel doing the evaluations may not have up-to-date
information necessary to make the evaluation. Refer to the section on "Knowledge and
Skills ofDesigners, Pilots, Operators, Regulators, and Researchers."
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In summary, the HF Team considers that the current type certification (TC) process does
not adequately incorporate human factors considerations in the design and evaluation of
flight decks.

Improvements necessary in the supplemental rvne mrHfii,,^ v^r^

Any individual or company can apply to modify an existing type-certified airplane
through the supplemental type certificate (STC) process. These individuals or companies
are not necessarily cognizant ofdesign decisions made by the airplane manufacturer
regarding the flight deck design philosophy, nor ofthe operating assumptions used. Just
as aparticular STC applicant may be unfamiliar with these important considerations, so
may regulatory personnel located in an ACO other than the one responsible for issuing
the original type certificate (i.e., ACOs located outside the home region of the airplane
manufacturer). Therefore, the potential exists for an applicant to propose and receive
approval for a flight deck modification that isnot in accordance with the manufacturer's
flight deck design philosophy and operating assumptions. The HF Team is concerned
about the potential safety impact ofsuch modifications.

One major airplane manufacturer suggested that they should be included in the review
process for proposed modifications to its flight deck design. This suggestion addresses
the concern that agood (i.e., safe) design may be corrupted via an STC that does not fully
consider the original design assumptions orcharacteristics. While the HF Team does not
believe the airplane manufacturer should necessarily be included in reviewing proposed
flight deck modifications, (i.e., have a"vote" in the approval process), this deficiency in
the method by which certain STC applications are currently reviewed and approved by
the FAAhas been noted,and the HF Teamconcurs with this assessment.

The current review process within the FAA requires that all ACOs notify the TAD of
proposed STC modifications to transport category airplanes. The TAD Standardization
Branch (ANM-113) istasked with conducting reviews ofthe modifications and following
up on those that appear tobe major or otherwise significant changes tothe original type
design. The HF Team isconcerned that this process isa weak defense against possible
design incompatibilities. The large quantity ofproposed certification projects does not
always allow adequate review bytheStandardization Branch staff. In addition, the
description of theproject sent to theTAD takes place in summary form thatsometimes
fails to fully identify the proposed modification, much less describe it indetail. Also,
notification of the modification sometimes occurs after theapproval process is well
underway, or sometimes even after it hasbeen completed.

Developing and documenting the intended functionality, philosophy, and design
decisions ofthe original flight deck design through a formalized process would help ACO
personnel during the review and approval process for proposed STC modifications by
giving them a basis for comparison. A similarprocessappliedto STC modifications
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would also minimize potential additional design incompatibilities with the original design
when subsequent modifications to the STC are proposed.

Inconsistent regulatory result

Alack ofobjective, measurable regulatory standards, processes, and tools for evaluating
human performance can contribute to inconsistent regulatory results, because certification
personnel then use subjective judgment that can vary between individuals. This can lead
to different regulatory decisions and inconsistent means ofcompliance being imposed on
operators and manufacturers. This issue can arise on different airplane types for the same
manufacturer, and for different manufacturers. It can even occur on the same airplane
type when modifications are certified at different ACOs. In the absence ofclear,
objective, quantifiable standards, individual's opinions become the standard against
which the design is measured.

Inflexibility madapting to new technologies and inappropriate us* ofprecedent in
certification discourages use ofupdated knowledge

The Team heard from operators and manufacturers that the FAA and other regulatory
authorities should allow more flexibility in adapting to "real world problems and new
technology. They claim that current regulatory standards can inhibit the introduction of
new technology. One example ofthe type ofproblems that can occur is given by arecent
attempt by one operator to gain approval for the use ofGPS for navigation. The proposed
regulatory^criteria to integrate the GPS sensor into the existing navigation system resulted
in standards the applicant believed were unjustified, inappropriate, and too costly The
regulatory basis proposed by the cognizant ACO was based on an inflexible FAA policy
that was intended to ensure aminimum level ofsafety. The applicant ultimately canceled
the project. Yet there was general agreement that using GPS for area navigation and
mstrument precision approaches (the applicant's goal) would have had many benefits
including increased safety. The HF Team believes that improving the certification process
^tTmg !X1Stmg Tt™ and meth0ds (0r deve,°Pmg new crite™ a* methods) couldassist tiie applicant and the regulatory community to achieve the goal ofincorporating
desirable new technology, while maintaining or increasing aviation safety.

In addition to the inflexibility ofthe current rules to adapt quickly to new technologiesapplicants often successfully use the argument of"we certified it that way bS why
can twe do it that way now?" (so called "grandfather rights"). While in some caseTtitis
can be avalid argument, in many other cases it is not. Using precedence in this wav ca^
inbbit the use ofupdated knowledge ofpotential safety proWems, regJdTesTofw^
certification criteria were applied in the past. Unfortunately, depending on the pTo,ed
modification this use ofprecedence can have potential adverse safetyLpUcatforTne
HF Team believes that aclear and consistent policy is needed regarding the us T
precedence m certification.
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Training

"One ofthe myths about the impact ofautomation on human performance is
investment in automation increases, less investment is needed in human expertise. Infact
many sources have shown how increased automation creates new knowledge and skill
requirements."

- Dr. David Woods

as

In our investigations, we heard from operators that the subtle nature and complexity of
automated flight decks result in the flightcrews needing additional knowledge about how
the different automated subsystems and modes function. Industry investigations have
shown that the complexities ofthe automated flight decks make it easy for pilots to
develop oversimplified or erroneous mental models ofsystem operation, particularly
mode and transition logic. Training departments tasked with developing and teaching
flightcrews how to manage the automated systems in differing flight situations confirm
this finding. Many sources offered incidents where pilots were having trouble getting a
particular mode or level ofautomation to work successfully, and where they persisted too
long in trying to make the automation carry out their intentions instead ofswitching to
another means to accomplish their flight path management goals. We heard how the new
knowledge and skill demands are most needed in unusual situations where different or
extraordinary factors push the chain ofevents beyond the routine. It is just those
circumstances that are most vulnerable to a breakdown in reliable human-automation
performance through aprogression ofmisassessments and miscommunications. Contrary
to the content ofsome qualification programs, the HF Team believes it is important for
flightcrews to be prepared by their training (as opposed to "picking it up on the line"), so
that they will be prepared to successfully cope with probable, but unusual situations. '

For training managers and departments, the result is the need to address training demands
that may need to be fit into asmall and shrinking training footprint. Various strategies
have been developed to cope with this situation. For example, one strategy is to focus
transition training on a basic set ofmodes and leave alternative methods tobe mastered
during line operations. This can lead to training those parts ofmanaging automated
systems that are the easiest to learn, while deferring the more complicated functions, and
functions where vulnerability ishigher, for individuals to learn later on their own. This
method issuitable only ifthe airplane can be safely operated with the set ofskills
mastered and:

• Ifthe basic skills provide acoherent base that permits learning the more difficult
skills, and

• If there isan environment that assures mastery ofnecessary advanced skills before
they are operationally needed (e.g., oceanic environment, autoland, etc.).
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Another strategy is to teach rote step-by-step procedures backed up by manuals or quick
reference guides. Training organizations typically are justifiably uncomfortable with this
method and therefore try to go beyond rote training asmuch astime and resource limits
allow.

Regardless ofmethods, pilots must have the opportunities to practice what they have
learned in realistic operational settings through Line Operational Simulations (LOS) and
LOFT scenarios, orInitial Operational Experience (IOE). The HF Team believes that it is
important for the industry to get better utilization from limited training time available and
the limited testing or assessments now conducted (e.g., checks, Line Operational
Evaluation, etc.).

As training footprints shrink, or as more knowledge or skill items must be addressed, it
becomes increasingly important to assure that critical knowledge and skills are mastered.
The industry wants and should have increased freedom to focus limited training resources
on areas that yield high training effectiveness (as in certain aspects ofthe Advanced
Qualification Programs (AQP) under development). However, this flexibility should not
be used to reduce training and practice, but instead it should be used to better address
high priority training needs in areas where service experience indicates vulnerabilities
Economic pressure to take AQP benefits in productivity improvements (reaching the
same goal faster) rather than in safety or quality improvements (more effective training)
should be resisted, as long as high priority training is going unaddressed (e.g., automation
management). Trying to squeeze more yield from ashrinking investment in human
expertise will not help prevent the kinds ofincidents and accidents that are currently
being labeled as human error.

Recommendations

Recommendation Processes-1

The FAA should task an aviation industry working group to produce aset of
guiding principles for designers to use as arecommended practice in designing and
integrating human-centered flight deck automation.

Discussion ofRecrnnm^dation Process.1•

The objectives ofthese guiding principles would be to provide aframework for design
engineers to incorporate human-centered design principles into future flight deck designs
The effort should include representation from the airplane and equipment manufacturers '
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operators, flightcrews, and human factors specialists from industry and the research
community.

The HF Team suggests that such an effort consider the following criteria and principles:
• Flightcrew-centered design should be explicitly addressed.

- Design principles should be documented and available to designers.
- Designers should be knowledgeable about applicable human factors

principles and guidelines.

- Human factors expertise should be represented on the design team.
- Pilot opinion as abasis for design decisions is necessary, but is not sufficient

by itself. Structured scenarios using suitable subject pilots should be used to
investigate flightcrew performance issues.

- Human factors should be considered early in the design process and should
bepart ofthe entire design process.

- Flightcrew functions, tasks (including physical and cognitive tasks) and
associated information requirements should be explicitly identified as part of
the design process.

- Designs should accommodate the range ofexpected pilot behaviors.
• Salient feedback on automation status and behavior is necessary.
• Design, training, and operations should be tightly coupled.
• Absolute evaluation criteria should be developed and used inaddition torelative

criteria.

• Aformal systematic process should be developed for evaluating the
flightcrew/automation interface.

• Manufacturer/operator/user communication isnecessary (not just atthe
management level).

• International/cultural effects should beconsidered in the design.

Recommendation Processes-2

The FAA should establish regulatory and associated advisory material to require
the use of a flight deck certification review process that addresses human
performance considerations.

Discussion ofRecommendation Processes-2:

AnFAA/JAA working group comprising FAA/JAA certification engineers, flight test and
operational (i.e., from AEG) pilots, human factors specialists (from FAA, JAA, industry,
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and any other interested parties), and other industry personnel should be formed to
implement this recommendation.

New regulations should be developed to require reviews throughout the development and
certification period. The regulatory and advisory material, based on the following
principles, should be applicable to new and amended type certificates (consistent with the
requirements ofPart 21 ofthe FAR) as well as supplemental type certificates:

(a) The flight deck certification process should validate the overall integrated design of
the flight deck including:

Operational acceptability offlight deck displays,

Ease ofuse, and understandability ofsystem operating modes and logic,
Control layout and labeling,

System state and mode feedback,

Compatibility between various systems in the flight deck,
Flight deck layout ergonomics,

Potential for error and/or susceptibility for inducing error, and
Consistent use of:

• color • symbology
• nomenclature •controls

• method ofoperation • alerts, voice syntax
• control laws • processing algorithms
• data sources . data reference

In addition, the process should verify adherence to human-centered design guiding
principles that may be adopted or developed by the airplane manufacturer,
(b) Consideration ofhuman factors and human performance in the certification process
should begin «the early stages ofasystem design, be iterative, continue through all
stages ofdesign, and involve HF expertise. Periodic certification and operational reviews
should be conducted to detail how human performance considerations are being taken
into account in the design. s

Figure 6presents agraphical representation ofan example design process showing a
typical point where some aspects ofhuman performance/human centered design
pnnciples should be included in the design decision process.
(c) Applicants should demonstrate that adesign is acceptable for use by flightcrews
flying in the expected operational environment. Criteria for acceptability of these
demonstrations should consider actual pilot performance using similar equipment (when
such information ,s available from service history). This should consider pilot behavfor
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from pertinent operating environments, cultural backgrounds, experience levels, and
flightcrew qualification profiles.

Previous Design.
Production, and

Operational Experience.
Technology Constraints

I
External

Requirements (Mission,
Customer. Flightcrew,

Environmental,
^Regulatory. Program)

I
Aircraft

Operational
Requirements
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Aircraft

System
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Manufacturer's philosophy regarding
-human factors affects thedesign
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of the design process.
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n
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Concepts
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Concepts

Final

Integrated
Design

Figure 6
Example Design Process Incorporating Human Factors Design Principles15

(d) Assumptions made for the certification ofprevious airplane types should be reviewed,
and not necessarily assumed as precedents for future developments. New designs need to'
be reviewed in light of:

• Flightcrew performance in the air traffic system environments) in which the
aircraft isexpected to beoperated,

• Expected pilots' behavior patterns, and

• The addition ofnew equipment (via new TC, amended TC, or STC) for which
there is no service history.

(e) The flight deck design must support the flightcrew in their primary task offlying the
airplane. Identifying flightcrew tasks and information requirements is important so that
designers and evaluators can ensure that design objectives are met. To do this, the
following stepsare important:

• Flightcrew cognitive and physical tasks should be identified to some appropriate
level ofdetail.

15Palmer, Michael, T., William H. Rogers, Hayes N. Press, Kara A. Latorella, and Terence S. Abbott. A
Crew-Centered Flight Deck Design Philosophyfor High-Speed Civil Transport (HSCT) Aircraft. NASA
Technical Memorandum 109171. January, 1995.
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• Flightcrew information and coordination requirements should be identified.

• Flightcrew task allocation should beidentified between flightcrew members and
between the automation and the flightcrew.

(f) Applicable aspects ofthe flight deck certification process should be performed for
STC applications that introduce changes tothe flight deck. Regulatory authorities should
evaluate the proposed modifications to ensure that the airplane manufacturer's original
design philosophy and operating assumptions, considered during the original type
certification process, are not adversely affected. The TAD Standardization Branch, ANM-
113, should be responsible for ensuring that the ACO that issued the airplane's TC is
appropriately included in the review ofthe proposed modification. Inthe case of an
airplane manufactured outside ofthe United States (airplanes certified under §21.29),
ANM-113 should ensure that the cognizant foreign airworthiness authority is
appropriately involved inthe review. In addition, the appropriate AEG should be included
in the review to ensure that operational considerations are adequately addressed.

Criteria should be developed for conducting STC reviews ina standardized manner. In
addition to the criteria discussed in Paragraphs (a) - (e) above, the review should consider
the following issues depending onthe modification:

• Operator workload;

• Access to controls;

• Flightcrew ability to view and understand displays;
• Acceptability offeedback and mode awareness; and
• Error potential.

This process (along with other existing and new HF-related criteria) would provide HF
tools that could help in minimizing the subjective nature ofthe current certification
process and reducing future potential design feature vulnerability that may not otherwise
have been identified.

Ifnew or updated regulatory criteria are adopted, there should be aparallel development
ofassociated advisory material. The regulatory and advisory material must be written in a
way that can be practically applied by the applicant, and are clear about what the
applicant must do, when the applicant is finished, and what criteria will be used to judge
acceptance. The material should address acceptable processes that can be used, including
methodology, rather than specific design requirements. The proper roles, safety
objectives, and the relationships between associated airworthiness and operating rules
must also be respected. In addition, we recommend that the standards and criteria be
harmonized internationally.
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Recommendation Processes-3

The FAA and the aviation industry should investigate the use ofinnovative training
tools and methods to expand pertinent safety related knowledge of flightcrews on a
continuing basis. The FAA and the aviation industry should explore incentives to
encourage continued training and education beyond the minimum required by the
current regulations.

Discussion of Recnmmpndation Prnra^-V

The FAA, operators, pilots' associations, training organizations, airplane manufacturers
and other interested parties should implement this recommendation through existing
working groups addressing training issues (e.g., the ATA training committee).

The HF Team suggests consideration ofthe following principles for improving the
training process:

(1) Invest in more line-oriented practice and address areas ofknown vulnerabilities.
• Create alarger set ofline-oriented scenarios to practice.
• Update these scenarios regularly to reflect the latest information about

vulnerabilities from incident reporting systems or other sources.

• Expand scenarios to focus more on unique error-vulnerable situations.

(2) Invest in more coaching and less pass/fail testing.

• Improve the debriefing offlightcrew performance after simulator sessions, IOE,
proficiency checks, etc. (e.g., standardization ofinstructor debriefs, video'
replays).

• Focus more on practicing how to manage the different automated systems in
different circumstances, especially the judgments that have to be made on
transitioning between different levels ofautomation (e.g., when to turn itoffor
on, ortochange toadifferent level ormode).

• Encourage initial/recurrent assessments or checks to be more "learning oriented."
Emphasis should be focused so that learning becomes the primary objective rather
than passing or failing. In addition to using time better, such asystem might
incorporate progressive assessment of individual elements/maneuvers or event
sets. Assessment may also provide for levels of individual performance based on a
graduated scale, rather than an "all or nothing" grading system that may diminish
opportunities for learning. Although qualification processes must also recognize
and provide for those instances when there isunsatisfactory performance,
different grading scales might be possible (e.g., alimited number ofrepetitions
permitted to achieve acceptable performance).
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(3) Support exploration

• Use automation surprises that occur on the line as subsequent training
opportunities to learn more about the automation and how to manage it.

• Support follow-up ofautomation surprises in a simulator environment in LOFT
scenarios or line operational evaluations.

• Provide more opportunities to learn and practice, especially how to handle
surprising situations.

• Identify and correct oversimplifications in pilots' mental models ofsystem
functions.

• Promote understanding rather than using rote training.

(4) Create an environment that rewards and supports continual learning.
• Treat mistakes and errors as opportunities for learning.
• Allow sufficient time for questions and thorough understanding.
• Challenge flightcrew members to further develop their skills through the use of

appropriate incentives.

Initial and recurrent training should provide aclear understanding ofoperationally
relevant automation principles and ensure user proficiency for the cockpit automated
systems, including how these systems are used in conjunction with other systems (e.g.,
autopilot use during engine failure). (Refer to the section on "Knowledge and Skills of
Designers, Pilots, Operators, Regulators, and Researchers" for discussion ofinitial and
recurrent training.) The HF Team recognizes that initial, recurrent, differences, and
transition training programs are limited in the amount ofknowledge that can be taught
because ofthe short periods oftime available for such training. As automatic systems
become increasingly complex, the range offeatures available for use by the flightcrew
grows. Even ifevery system feature is covered and practiced during initial, recurrent,
differences, or transition training, it is not certain that the pilot will necessarily retain all
ofthe information. Continuous learning is one way to help ensure that pilots have the
knowledge they will need in order to effectively manage and use the automation in awide
range ofsituations.

There are other areas related to automation where continuing education would also be
beneficial. These areas include, for example, meteorology, principles ofmodern
navigation system functions, aeromedical knowledge offatigue and error vulnerabilities
advanced functions ofspecific systems like ground sensing and anti-skid in adverse '
conditions, advanced FMS applications, and training aids for CFIT and windshear
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This section addresses the HF Team's concerns regarding inadequate criteria, regulatory
standards, methods, and tools for design and certification ofhighly automated airplanes.

Inadequate Criteria, Regulatory Standards, Methods, and Tools for
Evaluating Flightcrew Performance

In examining flightcrew errors, the HF Team looked at design, training and flightcrew
qualification, operations, and regulatory processes, to understand factors contributing to the
errors. Often, flightcrew errors can be easily identified in hindsight, and it can be postulated
that many ofthe errors are predictable and are induced by one or more factors related to
design, training, procedures, policies, orthe operating environment. The more difficult task is
to anticipate these errors and take preventive corrective action prior to occurrence ofa
potentially hazardous situation. The HF Team believes itis necessary to improve the ability
ofairplane manufacturers, airworthiness authorities, and operators todetect and eliminate
design characteristics (or features) that create predictable errors.

Current regulatory criteria do not comprehensively address the evaluation offlight deck
designs for their contribution to flightcrew error or to human performance problems that
contribute to flightcrew error. Nor do adequate criteria, methods, and tools exist for designers
and regulators touse toconduct such evaluations. To address some ofdeficiencies, this
section focuses on issues and recommended changes that should be made in the criteria,
standards, methods, and tools used in the design and certification processes.

Recent accidents, such as the Air Inter Airbus A320 accident near Strasbourg, provide
evidence ofdeficiencies in design and certification. Although that accident highlighted
weaknesses in several areas, itparticularly highlighted the potential for apparently minor
features or characteristics to play asignificant role in an accident. In this instance,
inadvertently setting an inappropriate vertical speed because ofsimilarities in the way flight
path angle and vertical speed are displayed on the FCU may have been an important factor in
the accident. Although this issue was raised during the certification approval process, it was
believed that the flight mode annunciations and PFD would compensate for any confusion
caused by the FCU display, and that the flightcrew would use appropriate procedures to
monitor the airplane's vertical path, terrain clearance, and energy state. This beliefappears to
have been incorrect.

Under current standards, potential flightcrew error and its consequences are not evaluated as
extensively as flightcrew workload. The HF Team considers flightcrew error analysis (i.e., a

Page95



Report of the FAA Human Factors Team

process to find and eliminate predictable, design-induced error traps for flightcrews, and to
identify consequences offlightcrew error) to be as fundamental to successful flight deck
evaluation as workload analysis. Identifying designs that can induce flightcrew errors having
undesirable consequences early in the design and certification processes would allow
appropriate corrective action to be undertaken at astage when cost and schedule pressures are
less daunting. In addition to the A320 FCU design, other examples where flightcrew error
analysis may have identified design features that have been implicated in serious incidents or
accidents are: flightcrew awareness that the autopilot is approaching its control authority
(B747 China Air over the Pacific Ocean16) and autopilot designs that allow pilot input to
inadvertently create large out-of-trim conditions (A300-600 accident at Nagoya, Japan).

The HF Team identified many examples where automation interfaces are awkward and may
be susceptible to flightcrew errors that have potentially undesirable consequences. One
example frequently cited isthe FMS interface. In some operational scenarios, the amount of
head-down time required to operate the FMS is amajor concern, because itcan impair the
flightcrew's ability to maintain flight path vigilance and traffic avoidance during critical
phases offlight. Although there are many justifiable reasons for pilots to spend head-down
time to use the FMS, undesirable reasons include difficulty in using the interface or difficulty
in finding information in the FMS. Also, error messages like "invalid entry" for an entry
format error do not help the flightcrew to understand and correct the error (Refer
Recommendation AutomationMgt-5).

nIrS165 °firtffi£s ** have ** P°tential ^ flightcrew error are the mode selectorpanels which require the flightcrew to select the mode on one cockpit panel and refer to
another cockpit area to confirm that the mode has actually been activated. As previously
Sri-1", ^T' S6Pfati°n °f*' COntrol (in this «* ^ mode Sector control),
on L PeFn? ^ <uh7\±e^^°fChangmg *»"^Ohe flight mode annunciationon the PFD), leaves the flightcrew vulnerable to misunderstanding which mode is active.

The FARs and associated advisory material have failed to keep up-to-date with current
technology in many areas, including knowledge and awareness ofhuman factors
considerations. For example, most modem transport category airplanes have caution and
warning systems that include distinct aural tones or other attention-getting sounds that
complement the visual alerts as well as voice alerts for time critical warnings. Section
tht LI Tu y,3dfCSSeS ?** ViSU{U derting Criteria'rather*« me mini™ni standardstiiat should be applied to modern transport category airplanes.

In consideration ofthe preceding discussion, the HF Team believes that appropriate criteria,
standards methods, and tools should be developed, including revising or updating existing
material. Development ofthis material is necessary to provide design and certification
personnel with the information necessary to allow them to identify and address areas where

"While: this event did not involve aglass-cockpit airplane, the principle involved with autopilot awareness
apphes to the glass-cockpit airplanes within the HF Team's charter. awareness
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flight deck designs predictably produce flightcrew performance problems that can adversely
affect safe flight.

Recommendations

The HF Team recommends consideration ofnew and revised regulatory criteria in some areas
that have not kept pace with advancing technology and human factors knowledge. Ifnew or
updated regulatory criteria are adopted, there should be aparallel development ofassociated
advisory material. The regulatory and advisory material must be written so that they can be
practically applied by the applicant, and are clear about what the applicant must do, when the
applicant is finished, and what criteria will be used to judge acceptance. The material should
address acceptable processes that can be used, including methodology, rather than specific
design requirements. The proper roles, safety objectives, and the relationships between
associated airworthiness and operating rules must also be respected. In addition, we
recommend that the standards and criteria be harmonized internationally.

Recommendation Criteria-1

The FAA should require evaluation of flight deck designs for susceptibility to design-
induced flightcrew errors and the consequences ofthose errors as part ofthe type
certification process.

Discussion ofRecommendation Criteria.1•

As stated earlier, flightcrew errors occur for many reasons and have many potential
contributing factors. It is impossible to prevent all human error without removing the human
flexibility and adaptability that contributes significantly to safety. Moreover, it is the negative
consequences oferror we wish to eliminate, not necessarily the errors themselves. However,
it is still desirable to minimize errors that are design or system induced. Therefore, as part of
the certification process, the HF Team recommends that the FAA require evaluation offlight
deck designs for susceptibility to design-induced flightcrew errors, and for the consequences
offlightcrew errors that do occur. Flightcrew performance considerations such as workload
and situation awareness should be evaluated for their contribution to error.

To implement this recommendation, we recommend that the FAA convene aworking group
with representatives from the Aircraft Certification Service, (including engineering, human
factors, and flight test pilot expertise), Flight Standards Service, other airworthiness
authorities (e.g., JAA), industry, and the research community to:

• Determine the acceptability ofexisting analysis tools and methods,
• Identify what changes should be made to existing standards and criteria, and take

action tomake those changes,
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• Determine what new criteria and methods are needed, ifany (we believe that some
will be needed), and

• Recommend any appropriate research to develop tools and methods as needed.

For existing regulations, several changes are already being considered to address human
error Currently, an Aviation Rulemaking Advisory Committee (ARAC) Harmonization
Working Group (HWG) is considering revisions to §25.1309, including aproposal to require
the consideration offlightcrew and maintenance errors. However, the analysis ofhuman error
^Ttfno'S^ ih3n-^V™* °f§25'1309- Th^fo^ «e HF Team recommends that the
• TmT?I™ , ^f16 exiStmg K^atojy ^g^ge elated to flightcrew error contained
in §25.1309 and defer further regulatory changes in the area offlightcrew error to the new
working group identified in this recommendation. Similarly, changes to §25.1329 are being
considered to include human error concerns. We recommend that changes to existing
regulations and development ofany new regulations and advisory material be approached in
an integrated fashion, rather than independently.

This will not be an easy recommendation to implement, since current methods may be
inadequate to address all concerns. Further, the development and application ofhuman error
analysis methods and criteria acceptable to the FAA and industry may take agreat deal of
time and effort However, the implementation ofthis recommendation should be started as
soon as possible and it should be done in aconsistent and integrated way with the
implementation ofRecommendation Processes-2.

Recommendation Criteria-2

The FAA should prepare and distribute interim guidance material that updates current
autopilot certification policy.

Discussion ofRecommendation Criteria.?-

Interim certification policy guidance is needed until current activity to update §25.1329
§121.579 and associated guidance material is complete.
Specifically, the HF Team believes that the following areas should be addressed by interim
guidance:

• Pilot/autopilot interactions that create hazardous out-of-trim conditions;
• Autopilots that can produce hazardous energy states and may attempt maneuvers that

would not normally be expected by a pilot; and

• Improved airplane flight manual wording regarding the capabilities and limitations
ofthe autopilot.

Page 98



Criteria, Regulatory Standards, Methods, and Toolsfor Design and Certification

Recommendation Criteria-3

The FAA should task an appropriate Aviation Rulemaking Advisory Committee
Harmonization Working Group (HWG) with updating the autopilot regulatory
standards (14 CFR 25.1329). This HWG should include specialists knowledgeable in
human factors methods and skills from both industry and the regulatory authorities.

Discussion of Recommendation Criteria-3-

The HF Team recommends that the AWO HWG be tasked with updating and revising
§25.1329 and its associated advisory material toaddress multiple concerns and
considerations. Specialists knowledgeable in human factors methods and skills from industry
and the regulatory authorities should be added to the AWO HWG to help them effectively
address the human performance concerns identified by the HF Team. Future rulemaking
should address advances in technology and knowledge ofhuman factors considerations,
including:

• Envelopeprotection

• Intuitiveness (user friendliness)

• Autopilot mode complexity

• Flight mode annunciation

• Proliferation of autopilot modes

Recommendation Criteria-4

The FAA should revise/update the following specific FARs and associated advisory
material:

§25.1322 Warning, caution, and advisory lights: Revise to reflect thecurrent and
anticipated design practice for modern transport category airplanes.

§25.1335 Flight Director: Revise to reflect the current and anticipated design practice
for modern transport category airplanes.

§121.703 Mechanical reliability reports: Revise the requirements toalso include
reporting ofsignificant flight deck automation failures and/or anomalies that adversely
affect safe flight path management. Reinforce the Aviation Rulemaking Advisory
Committee (ARAC) activity in this area.

Discussion ofRecommendation Criteria-*

The FAA should task an existing ornew working group to revise/update the FARs and
associated guidance material listed in the recommendation.
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Section 25.1322: Current glass cockpit airplanes have sophisticated caution and warning
systems (e.g., Engine Indicating and Crew Alerting Systems and Electronic Centralized
Aircraft Monitoring). These systems incorporate distinct aural tones that complement the
visual alerts as well as voice alerts for time critical warnings. Additionally, these systems
include alerting and display priority logic and inhibit logic for certain phases offlight. The
manner in which warning, caution, advisory, and procedural information is presented to the
flightcrew is critical to safe operation. Section 25.1322 only addresses requirements for
visual alerting criteria. The regulation should be revised to address the current and anticipated
design practice for transport category airplanes, (i.e., aural tones, voice alerts, display priority
logic, etc.). * 3V 3

Section 25.1335: Section 25.1335 requires the flight director system to provide ameans to
indicate to the flightcrew its current mode ofoperation. The regulation should be updated to
require consideration of the interface between the flight director and autopilot. Aminimum
set offunctional modes should be addressed, including performing basic airmanship tasks
such as turns to aheading, climbing, descending, capturing an altitude, lateral and vertical
navigation guidance, and envelope protection.

Section 121.703: Section 121.703 requires operators to report certain types ofmechanical
systems failures, inflight fires, and structural integrity problems. Significant flight deck
automation failures or anomalies are not addressed (e.g., dual unrecoverable FMS
resynchronization during oceanic flight, navigational display map shifts during critical phases
offlight). These failures have potential negative safety impacts, but operators are not required
to report such automation anomalies to the FAA. Reporting ofsignificant automation failures
or anomalies, mconjunction with other sources ofinformation (e.g., ASRS reports) could
help to identify potentially unsafe or undesirable design features. This information could also
be used as an additional measure for assessing system safety (refer to the section on
"Measurement ofand Incentives for Safety").
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"...reliance on automation andglass cockpitflying (especially long haulflights where pilots
might only get 2 to 3landingsper month) causes adegradation in basic skills."

"Thepilot may be certified but is seriously lacking in actual automation skills."

"Crew training is insufficient to deal with allpossibilities and modes ofoperation "

"...veryfew ofthe decision makers at the airline are sufficiently educated inflight deck
automation issues."

Representative comments from line pilots, source ALPA

The HF Team identified that, generally, the knowledge and skills ofthe people who make up
the aviation system are excellent. However, we also identified some areas where the
knowledge and skills are insufficient, especially with respect to human factors. While the
findings below may not apply to each individual in the groups examined, the HF Team found
these weaknesses for each ofthe groups as awhole. The following groups (or portions
thereof) would benefit from improvement in the following knowledge and skill areas:

• Designers: Human-centered design principles, knowledge ofthe actual operating
environment, human factors (beyond ergonomics), human performance (especiaUy
cognitive engineering) guidelines, methods, and research results;

• Pilots: Basic airmanship, unusual attitude recovery, CRM, team decision making,
awareness ofoperational aspects ofaircraft design philosophy, automation and mode
management;

• Airline/operator management: Human performance considerations in areas such as
flight deck automation, operational considerations related to the design philosophy of
aircraft, design ofprocedures, checklists, manuals, and LOFT scenarios;

• Air traffic service personnel: Capabilities and limitations ofFMS-equipped aircraft, line
operations considerations;

• Regulators: Human performance evaluation methods, criteria, guidelines, and research
results; identification ofresearch requirements; operational knowledge about how the
airplane will be flown; and

• Researchers: Operational, design, evaluation, and regulatory considerations that shape
research needs and opportunities.
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Airplane Flight DeckDesigners

All manufacturers stated that they include human factors expertise on design teams, but the
HF Team found that these HF specialists had varying amounts ofauthority and their
participation was typically limited. Recently there has been an industry-wide growing
awareness ofthe need to treat human factors as avalid discipline in the design for new
systems (also see the section "Processes for Design, Regulatory, and Training Activities").

The HF Team found different definitions of"human factors specialist" being used within the
aviation industry. In some cases, formal training or background in relevant areas was required
(eg., experimental psychology, industrial engineering, human/computer interaction), and in
other cases, human factors expertise was related primarily to experience in piloting and flight

The HF Team also found that, in some cases, design decisions appear to be based on an
engineering design perspective, rather than how aflightcrew will use asystem in an
operational environment. For example, the mode definitions on certain airplanes appear to be
more intuitive to acontrols engineer designing asystem with specific and limited concerns in
rmnd than to apilot operating the system. This is likely to be acontributing factor to the
difficulty pilots have in understanding the autoflight modes. Likewise, pilots express
numerous concerns about the difficulty in using current flight management systems, and they
often mention that these systems appear to be designed without considering important
flightcrew operational needs, which leads to an increased potential for flightcrew errors.

In yet other cases, the human factors aspects considered in the design were primarily
ergonomic considerations (e.g., physical layout, reachability ofcontrols, legibility) While
ergonomic considerations are certainly necessary, they are not the only human factors issues
that should be considered. The cognitive requirements ofthe flight deck tasks and functions
often are not considered adequately or explicitly, and system designers who do not have
human factors skills may not find optimum or even adequate design solutions. For example,
consider the undo function available for modern personal computer systems This
capability is often not available to pilots using modem FMSs. The advantages ofsuch
features are well known, but frequently are not included in modern flight deck designs There
are several reasons why such features are not included, many related to cost, but a
contributing factor is insufficient knowledge about how to design systems to be human-
centered.

The Team found that none ofthe four airframe manufacturers or the avionics manufacturer
that we visited distributed acomprehensive, written set ofhuman-centered design principles
to their design teams for use in the design process." All the manufacturers use design
pnnciples, as embodied in their flight deck designs. The concern is that these principles are

dllrit^^distributed them publicly.
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sometimes implicit, rather than commonly understood, agreed upon, and applied consistently
by a flight deck design team.

In some cases, designers do not know or use research and technology results related to human
performance, because they neither know where to find such results, nor have they been
educated or trained to use them, or the results are not in aform they can directly apply. This
isalso acommunication and coordination issue; see the section "Communication and
Coordination" for related discussion.

Pilots

Based on the incident data, accident data, and pilot and operator input evaluated by the HF
Team, we have concerns about pilot basic airmanship skills and general airmanship
knowledge in several areas. One area is the degradation ofmanual flying skills ofpilots who
use automation frequently, or who participate in long-haul operations, and therefore do not
have the opportunity to perform manual takeoffs and landings more than afew times a
month. It is also rare for pilots to experience the edges ofthe flight envelope, or receive
training on special issues such as high altitude stability and handling qualities. Yet there have
been incidents in both the MD-11 and the A300-600 ofhigh-altitude upsets where the
autopilot disengaged for various reasons, including turbulence, resulting in pilots taking over
control ofan out-of-trim aircraft in aflight regime with which they were not very familiar.

Asecond area ofconcern is in the skills needed to perform recovery from unusual aircraft
attitudes. Pilots at many airlines are not required to perform recoveries from most types of
unusual attitudes in training or on checkrides. While asignificant number ofpilots have a
military background where they were trained or have experience with acrobatic maneuvers, it
is less common to have such abackground than it used to be. In many cases, even former '
military pilots have not performed such maneuvers for along time. Yet inadequate response
to unusual attitudes has been implicated as apossible contributing factor in several accidents
(ATR-72 crash near Roselawn, possibly the B737 accidents near Colorado Springs and
Pittsburgh). There is enough concern in the aviation community that the National
Transportation Safety Board (NTSB) has made several recommendations regarding training
in recovery from unusual attitudes. Several airlines and organizations such as Flight Safety
International have instituted advanced maneuver training, including unusual attitude
recovery, and the FAA has issued Flight Standards Handbook Bulletin for Air Transportation
Number HBAT 95-10 providing guidance for Selected Event Training (voluntary flight
training in hazardous inflight situations not specifically identified in FAA regulations or
directives). The HF Team endorses this trend.

Yet another concern isin the flightcrew management ofthe flight deck and its automated
systems. The previous discussions ofissues with situation awareness (see the section
"Flightcrew Situation Awareness") and management and direction ofautomation
("Flightcrew Management and Direction ofAutomation") make it clear that management of
the flight deck is afundamental skill area for flightcrews ofmodem transport aircraft. It was
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suggested to the HF Team that the notion ofbasic airmanship should be expanded to
explicitly include management of the flight deck systems, including the automation - and we
agree. Flightcrews should explicitly receive instruction and practice in when and how to:

(1) appropriately use automation;

(2) transition between various levels ofautomation,; and
(3) revert to manual flight.

Other important knowledge and skill areas for flightcrews are flightcrew resource
management (already underway in many airline training programs), understanding of
decision-making processes (including team decision making and handling unanticipated
events), workload and attention management, and understanding ofother human cognitive
processes (especially cognitive biases and limitations as they apply to flightcrew problem
solving in airline operations). While excellent examples oftraining programs incorporating
these concepts can be found, some airlines still do not adequately address CRM, especially
with respect to the use ofmeaningful LOFT scenarios. This is especially true for instances
where LOFT scenarios do not accommodate the operating environment in which flightcrews
may experience difficulty (e.g., oceanic operations, international operations, adverse weather
scenarios, etc.), or where LOFT scenarios do not effectively use the time allocated.

Aprimary mechanism for flightcrews to gain knowledge and skills, is, ofcourse, the
operators' training programs. Yet the operators often believe that training must be focused on
ensuring that the flightcrews pass their checkrides, and that the checkride criteria do not
include or emphasize some ofthe skill areas mentioned above, such as management of
automation or other known problem areas ofline operation. Moreover, checkrides often test
for maneuvers that are not considered to be as important as the skills mentioned above, or are
maneuvers performed on afrequent basis in line operations (e.g., Instrument Landing System
(ILS) approaches, autoland, etc.) that may not serve as the best use oftraining or evaluation
time. In addition, the maneuvers included in checkrides should be evaluated for continued
relevance, be phased out, or be conducted in amanner that reflects the way they could be
encountered in unusual circumstances during line operations (e.g., stalls, steep turns).

Based on inputs from pilots and airline training departments, the emphasis ofcheckrides and
the criteria used no longer necessarily reflect the best balance ofknowledge and skills needed
to safely conduct line operations. AQP is amove in the positive direction ofencouraging
more line-oriented training and evaluation as appropriate, and ofencouraging inclusion of
CRM in training programs. The HF Team strongly supports this trend with the qualification
identified below.

There appears to be continuous and intense economic pressure to decrease (or at least not
increase) the time required for training. In fact, one ofthe incentives for the airlines to
incorporate AQP is the potential for increased time periods between required recurrent
training. The HF Team supports the intent ofAQP and updating ofFAR 121 Subparts Nand
0 to improve the efficiency oftraining, but is concerned about any decrease in investment in
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pilot expertise. The HF Team is concerned that the economic benefits ofAQP may be
receiving emphasis over the need for enhancing safety. Acareful re-examination ofthe
balance among content, length, and type oftraining is needed (also see the section "Processes
for Design, Regulatory, and Training Activities"). This re-examination should be done to
assure that each qualification program covers important skills needed for line operations (e.g.
basic airmanship, management ofautomation) and minimizes the repetition ofmaneuvers or
skills successfully demonstrated inday-to-day operations.

Airline/Operator Management

The Team found that decision makers in operators' organizations sometimes appear to be
concerned with short term costs with regard to flightcrew training and equipment purchases,
rather than being sufficiently sensitive to the long-term need to invest in building or
enhancing flightcrew skills and knowledge and updating flight deck equipment. Also,
because safety benefits may sometimes be difficult to see or quantify, concerns over costs
tend to take priority in decisions. An example ofwhere this concern is perceived to affect
decisions about equipment purchases is in the choice ofwhether to buy flight deck system
enhancements offered bythe manufacturers (also see the Section "Measurement of and
Incentivesfor Safety").

An area where management is perceived to lack knowledge or commitment is in identifying
for line pilots the flight deck design philosophies for the aircraft in their fleet. Many airlines
have reduced their engineering or operations departments to the point that meaningful
contributions toflight deck design philosophy during acquisition ofnew aircraft is limited.
As mentioned previously, the airline flightcrews do not get trained in the design philosophy,
yet understanding the operational assumptions embodied in the design could reduce the
potential for automation surprises. Ofcourse, as mentioned above, the airplane manufacturers
have not explicitly communicated and distributed their design philosophy. Rather, at least
until recently, the operator had no choice but to infer the philosophy from its implementation
in the flight deck.

Training department managers and other appropriate management should be aware ofthese
design philosophies as they relate to operational use and how they relate to the operator's
philosophy on using automation. This information affects the content oftraining programs
and manuals and the design ofprocedures. Ideally, the operators would work closely with the
airplane manufacturers, so that the operations philosophy and the flight deck design
philosophy are consistent andcompatible.

Air Traffic Service personnel

TheHFTeam heard numerous concerns from pilots andairlines thatair traffic controllers
and other airtraffic service personnel are not sufficiently knowledgeable about modern
aircraft orseemed to misunderstand or ignore the capabilities, limitations, operational
procedures, and constraints of FMS orautoflight system equipped aircraft. ATS clearances
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and procedures have not been kept current with flight deck evolution. FMS-friendly
procedures or clearances are lacking, even though the same air traffic objectives could be
easily achieved by taking full advantage ofthe capabilities ofhighly automated aircraft (e.g.,
use ofdirect routing to an intercept waypoint versus avector to intercept and track outbound
on a navigation aid radial).

Regulators

FAA regulatory personnel would benefit significantly from greater knowledge and expertise
mhuman factors and, in some cases, from increased operational and technical knowledge
about the airplane types for which they are responsible. Certification ofmodern automated
aircraft and evaluations offlightcrews increasingly involve considerations related to the
interaction between human(s) and machine(s). Members ofteams who conduct certification
evaluations, such as flight test pilots, inspectors, Aircrew Program Managers and ACO
engineers, are not necessarily trained human factors specialists, nor is human factors
expertise necessarily part ofthese teams. This lack oftraining and expertise contributes to
insufficient quality and inconsistent regulatory results in the certification process with respect
to flightcrew performance issues.

* Certification flight test pilots. Certification flight test pilots bear alarge share ofthe
responsibility for providing the flightcrew perspective during the flight deck certification
process. Because ofthe lack ofobjective criteria and methods (or lack ofknowledge of
the metiiods and criteria that do exist) they must often base their assessment on subjective
evaluation ofthe displays, controls, and system operation. While itis true that their
subjective evaluation generally reflects good judgment, it does not represent an objective,
systematic evaluation ofhuman performance for the target user population (i.e., the

• "typical" line pilot), nor does it always address the operational environment expected in
service. Because most ofthese pilots are highly experienced, the results are generally
very good. However, because experience varies, the results ofthe certification process
may also vary. We heard from manufacturers that they saw differences and
inconsistencies in certification results, depending on who was making the decision (also
see the section on "Processes for Design, Regulatory, and Training Activities").

In addition, the flight test pilots do not always evaluate some important aspects offlight
deck operation from the perspective ofaline flightcrew. They may evaluate operation for
apre-defined high workload situation, such as one pilot incapacitated, but may not
necessarily consider effects ofpilot-flying/pilot-not-flying coordination used in service
(e.g., monitored approach, International ReliefOfficer duties, etc.). As aresult, designs
are not always evaluated for flightcrew coordination in the operational environment in
which they will be used.

' Aircraft Evaluation Group (AEG) pilots- Adequate training is not always available for
the operational evaluations that these pilots are required to perform. For example, AEG

18Notice ofProposed Rulemaking 94-35, Docket No. 27993.

Page 106



Knowledge and Skills of Designers, Pilots, Operators, Regulators, and Researchers

pilots routinely are asked to provide operational judgments on characteristics such as non-
normal procedures and related handling qualities when new or modified aircraft are
proposed for U.S. airline operations under Part 121. Yet, these same pilots may not have
been trained or type rated in the airplane types for which they are responsible. In addition,
they may be lacking in recent experience on those types for which they are rated or they
may not have experience with the aircraft in an operating environment. Also, the AEG
pilots have skill needs in human factors similar to the certification test pilots.

• Other Flight Standards personnel The level ofrelevant technical expertise ofinspector
personnel in many Flight Standards District Offices (FSDOs) isgenerally insufficient and
has been decreasing relative to levels historically achieved. Unlike most authorities'
pilots worldwide, FAA inspectors no longer operationally fly in line operations even
though regulatory authority exists for gaining valuable experience in this manner. In
addition, inspectors may lack some specific relevant skills. For example, inspectors may
not have experience in the class ofaircraft for which they are responsible, such as glass-
cockpit airplanes, or they may not be familiar with operations (e.g., oceanic) for which
they have responsibility. This may adversely affect their ability to assess and apply
human performance considerations, even ifHF training was provided. For example, they
may inappropriately apply assumptions about older airplanes to highly automated
airplanes.

In addition, regulators often do not know about or use research and technology results related
to human performance, because they neither know where to find such results, nor have they
been educated or trained to use them, or the results are not in aform they can directly apply.
As with designers, this is acommunication and coordination issue, as well as aknowledge
and skills issue associated with insufficient training.

Researchers

Just as designers and regulators lack experience and knowledge with research results,
researchers are often unaware ofthe needs and constraints ofthe operational and certification
commumty. As discussed in the section on "Communication and Coordination," researchers
need to seek out such information, and regulators and designers need to clearly describe their
needs and requirements, and follow up research efforts to help assure its relevance and
eventual use.
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Recommendations

Recommendation Knowledge-l

The FAA should encourage flight deck design organizations to:
(1) Make human factors engineering acore discipline ofthe flight deck system design

activity, and 6

(2) Ensure that the design team has sufficient human factors and operational knowledge
and expertise by: 6

• Distributing guiding principles for flightcrew-centered design (as described in
Recommendation Processes-1) to all design team members;

• Including human factors expertise as part of the design team;
• Assuring that each relevant member ofthe team has at least abasic knowledge of

human factors, in order to understand and communicate human performance issues
and human-centered design considerations; and

• Assuring that flight deck design team members have relevant operational
knowledge.

Discussion ofRecnmrrifrndatinn Knmy|efaH •

Organizations responsible for overall flight deck design or the design ofsystems used in a
flight deck should make certain that design teams have appropriate expertise and knowledge
ofhuman factors. The human-centered design principles ofthe organization (or ofthe flight
deck in which the system will be integrated) should be explicit and distributed to the design
team members. Individuals with human factors expertise should be afundamental part ofthe
design team, just as human factors should be acore discipline ofthe design activity. The
design team members who are not human factors specialists should be sufficiently trained in
human factors to understand and communicate human performance issues and design
considerations. All relevant design team members should be provided access to the human
factors literature and existing guidelines in away that makes the information accessible and
easy to use.

The design team members should have sufficient operational knowledge to incorporate
considerations ofthe operational environment into the design and evaluation process.
Suggested ways ofaccomplishing this would be to encourage or require regular jumpseat
observation (even more than is now done), encourage more interaction with arange ofpilots
who have recent, representative line experience, and include structured evaluations by
operators or line pilots during the designprocess.
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Recommendation Knowledge-2

The FAA should reassess the requirements that determine the content, length, and type
ofinitial and recurrent flightcrew training. Ensure that the content appropriately
includes:

• Management and useof automation, including mental models of the automation and
moving between levels of automation;

• Flightcrew situation awareness, including mode and automation awareness;
• Basic airmanship;

• Crew Resource Management;

• Decision making, including unanticipated event training;

• Examples ofspecific difficulties encountered either in service orin training; and
• Workload management (task management).

The FAA should work with industry todevelop guiding principles and associated
advisory material for training, operational procedures, and flightcrew qualification for
the areas listed above.

Discussion ofRecommendation Knowledge-?-

It may or may not be necessary to increase the amount orlength ofinitial orrecurrent
training provided to flightcrews, but the balance among the content, length, and type of
training should be re-examined in light oflessons learned about how flightcrews interact with
modern transport airplane flight decks. The content, length, and type oftraining should
suitably reflect the philosophy and features ofthe particular airplane design.

Content of initial and recurrent training- The content of training should include alarge set of
regularly updated, realistic LOFT scenarios, regular updates on specific m-service/training
difficulties and other relevant in-service experience, and available safety information (e.g.,
the TakeoffSafety, CFIT, and Windshear Training Aids). In addition, the FAA should
require operators' initial and recurrent training programs toaddress:

• Management and use ofautomation

See Recommendations AutomationMgt-1 and AutomationMgt-2 for specific items to be
covered underthis topic.

• Flightcrew situation awareness

See Recommendation SA-2.
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• Basic airmanship

This area should cover skill degradation and advanced maneuvers training, including
unusual attitude recovery, high altitude handling qualities, full stalls," engine failure
immediately after takeoffor during approach, minimum control speeds (see
Recommendation Knowledge-3). It should also include the idea that basic airmanship in
advanced flight decks requires the flightcrew to be flight deck managers, involving
workload management. While this has always been an element ofgood piloting, it is even
more critical in advanced flight decks.

• Crew Resource Management

Many airlines are already doing an excellent job of incorporating CRM into their training
curricula; this should be reinforced and encouraged in all operators. The HF Team
supports the proposed regulatory requirement for CRM training by all Part 121 operators
and applicable Part 135 operators.

• Decision making, including unanticipated event training
This area should cover general decision making skills and fundamentals, including team
decision making and cognitive biases, as an important part ofthe content ofatraining
curriculum.Flightcrews also should be trained in dealing with unanticipated events, (e g
subsystem failures not covered by checklists) and how to use multiple checklists
especially during highworkload conditions.

• Examples ofspecific difficulties encountered either in service or in training
See Recommendation Comm/Coord-4 for items that should be covered under this topic.

Length oftraining: In addition to assuring that the length ofthe training is sufficient to cover
the appropriate content, the FAA should require the length oftraining to be based on the need
applicable to agiven airplane type, recognizing that length may vary for different airplane
types. It is not necessarily appropriate for the training time to be equivalent for different
flight deck designs and different automation philosophies.

Moreover, the training should also be adapted to the background ofthe pilot (e.g., glass vs.
non-glass experience). As an example ofone activity at one airline to address this issue,
Delta Airlines has produced atraining video designed to help pilots transitioning from non-
glass-cockpit airplanes to glass-cockpit airplanes. The HF Team endorses the trend to tailor
the training to fit the background offlightcrews.

Type oftraining: Avariety oftraining tools and methods should be considered for long-term
expansion offlightcrew knowledge, including personal computer-based training tools as an

,9The HF Team intends this recommendation to include training for full stalls in simulation, and the simulation
models must realistically reflect the actual airplane behavior to be effective for training. The training offull
stalls inactual flight isnotnecessarily appropriate.
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alternative, inexpensive means ofproviding information and encouraging exploratory
learning by flightcrews. In addition, the FAA and the airplane operators should explore
incentives to encourage practicing and training beyond the minimum required. See
Recommendation Processes-3 for relateddiscussion.

This assessment and redefinition ofcontent, length, and type oftraining should be
accomplished as soon as possible, and should be based on aset ofguiding principles.
Principlesadvocatedby the HF Team include:

• Assure consistency offlightcrew qualification internationally, to the extent possible.
• Not all aircraft are equal - be ready to increase the length and emphasis on training

when there isa large difference between the flight deck with which the pilot is
familiar and the one for which the pilot isbeing trained.

• Better match Standard Operating Procedures and flightcrew qualification assessment
with basic type design philosophy.

The HF Team supports the intentions behind AQP, such as training to proficiency, training
and evaluation as aflightcrew, etc. We agree that itis important to avoid training the
flightcrews to perform in arote manner; rather, encourage them to understand the underlying
principles behind the system design (see related Recommendation SA-2). However, the HF
Team believes that care must be taken to assure that AQP advantages are applied to safety
improvements where vulnerabilities still exist, rather than exclusively to economic advantage
(e.g., single visit, lengthened evaluation periods, etc.).

The guiding principles and associated advisory material called for inthis recommendation
should be explicitly written down, distributed to appropriate organizations, and reflected in
training courses, training processes, and operational procedures.

Recommendation Knowledge-3

The FAA should strongly encourage orprovide incentives tomake advanced
maneuvers training an integral part ofthe training curriculum, especially in recurrent
training.

Discussion ofRecommendation KnnwleHpe-V

We recognize that several operators are already conducting this training, and the FAA has
issued abulletin containing guidance for implementing advanced maneuvers into atraining
program. We strongly support those actions and consider this to be asufficiently important
issue to have aseparate recommendation to reinforce its implementation.

Incentives could include alternate means ofaddressing certain required maneuvers ifthe
objective is obtained through the advanced maneuvers training. For example, if the advanced

Page 111



Reportofthe FAA Human Factors Team

maneuvers training includes high bank angle recovery and full stalls, the traditional
requirement for steep turns and approach to stall maneuvers could be considered to be
completed.

The HF Team's assumption is that most, if not all of this training would be done in training
simulators^ are not advocating, for example, that line pilots perform full stalls in the
airplane. These maneuvers could be done in ahigh-fidelity simulator.

Insufficient simulator fidelity might be an issue in implementing this recommendation For
example, the aerodynamic models ofmany simulators do not accurately reflect the behavior
ofthe aircraft under all the desired conditions. However, it is desirable for line flightcrews to
be exposed to as much ofthe flight envelope as possible so that in unusual circumstances it
is probable that at least one flightcrew member has relevant background or training and can
make constructive contributions to detecting and resolving the unusual situation

Recommendation Knowledge-4

The FAA should reassess recency requirements for flightcrews involved in long haul
operations. Consider providing incentives and alternative methods for flightcrews to
practice takeofls and landings, and perhaps arrival and departure procedures that are
infrequently used. r

DisCUSSion ofRecommendation Knowledge^-

Primary responsibility for implementing this recommendation lies with the FAA Flight
Standards Service, working with operators. In assessing the recency requirements, they
should consider the use ofautomation (i.e., how many operations are done manually versus
using autopilot). J

Recommendation KnowIedge-5

The FAA should reassess the airman certification criteria to ensure that pilots are
released with asatisfactory level ofskills for managing and using automation. Since
current training is often oriented toward preparing pilots for checkrides, the airman
certification criteria should be reassessed to ensure appropriate coverage ofthe topics
listed in Recommendation KnowIedge-2.

Discussion ofRecommendation Knnwle^ge.^

Airman certification criteria should be redefined so that release offlightcrew members to the
line only occurs when they demonstrate satisfactory skills in managing and using the
automation (also see Recommendation SA-2), rather than expecting them to learn these skills
during line operations. Correspondingly, initial and recurrent qualification courses should be
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oriented to support these criteria. In addition, theuse of LOFT scenarios in these courses
should reinforce demonstration ofkeyautomation skills.

Recommendation Knowledge-6

Operators should ensure that flight safety and training managers are appropriately
educated about human factors considerations, particularly with regard to automation.

Discussion ofRecommendation Knnwiedge-fi-

Pertinent managers should be informed about human factors considerations, especially those
managers responsible for procedures, manuals, and training program design. Managers in
technical organizations making decisions about airplane purchases should beinformed about
automation design for the different aircraft, and its potential effects on flightcrew
qualification, training, and operations. The FAA should encourage this education process.

Recommendation Knowledge-7

The FAA should improve the education ofAirTraffic Service personnel about the
capabilities and limitations of highly automated airplanes.

Discussion ofRecommendation Knowledge-7-

FAA Air Traffic Services should work with operators to improve training and/or
familiarization mechanisms for air traffic service personnel to better understand what the
flightcrews ofhighly automated aircraft must do to accommodate ATS procedures. For
example, jumpseat observations are already permitted for air traffic personnel; this
participation should be more strongly focused towards helping relevant ATS personnel
understand the capabilities ofglass-cockpit airplanes in the specific environment intended.

Recommendation Knowledge-8

The FAA should provide appropriate regulatory personnel with aguide or roadmap to
current Federal Aviation Regulations, advisory material, policy memoranda, and other
guidance material dealing with human performance related to the flightcrew-vehicle
interface. The FAA should ensure that this material is used in aircraft certification
projects, airline qualification program assessments, and airman qualification.

Discussion ofRecommendation KnnwleHpe.fi-

As afirst step towards increasing the knowledge ofcertification personnel in the area of
human factors, the Aircraft Certification and Flight Standards Services should specifically
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identify currently existing regulatory tools and criteria related to human factors. These tools
include the FAR, the Joint Aviation Requirements (JAR), and associated guidance material
(e.g. ACs, JAA advisory material, policy memoranda). Asynopsis ofthese tools and criteria
should be provided to ACOs, AEGs, and FSDOs as guidance for use in emphasizing human-
factors-related reviews ofexisting orplanned projects.

Recommendation Knowledge-9

The FAA should develop asystematic training program for appropriate Aircraft
Certification and Flight Standards Services personnel to provide initial and recurrent
training in the area ofhuman factors as itrelates to certifying new products and
evaluating flightcrew performance. The training should include instruction on:
• Insight into the relationship among the flightcrew, the flight deck design, and the

operational environment;

• Flightcrew information processing;

• Workload, human error, and situation awareness;

• Other flightcrew performance issues, including fatigue, CRM, and attention
management;

• Design and evaluation of flight deck displays;
• Aircraft control laws and feedback systems;

> Human-automation interaction;

» Human-centered design principles and guidelines; and
• Ergonomics - fitting the design to the user.

Discussion of Recommendation Knowjedge-Q-

The training program should be regularly updated and periodic refresher training should be
provided. Aprogram ofcontinuing education to provide awareness ofthe current status and
ongoing work/progress in this area should also be developed, along with methods for
distribution. This training should include relevant human factors theory and practical
applications, as well as guidance to resources (especially people) to help resolve human
factors issues in the evaluation process. The training program should give regulatory
personnel asolid foundation on which to ensure that HF concerns are understood during the
regulatory process.

As regulations and policy/guidance material are created and updated with regard to human
factors, the need for regulatory personnel awareness and training becomes even more critical.
This training should be required for FAA flight test pilots, flight test engineers, and
certification personnel involved in the approval of systems affecting the flightcrew interface,
and appropriate Flight Standards personnel (e.g., AEGs, FSB members).
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Recommendation Knowledge-10

The FAA should appropriately staff the standards organizations and aircraft
certification offices with human factors expertise and integrate personnel with such
expertise into certification teams, participating and applying their expertise in the same
manner as other certification team members (e.g., airframe, flight test, systems and
equipment, propulsion).

Discussion ofRecommendation Know^Hge^O-

One way to implement this recommendation would be for the Aircraft Certification Service
to appropriately staff the standards organizations and ACOs with human factors expertise.
The roles and responsibilities ofthe FAA human factors specialists should include:

• Review, critique, and assess the manufacturer's flight-deck-related certification plans;
• Participate in selected development activities to assure adequacy ofthe design;
• Review and assess flight deck relevant reports oftests and analyses submitted by

manufacturers;

• Participate in development offlight deck certification requirements;
• Participate incertification testing; and

• Define criteria andperformance measures.

Recommendation Knowledge-ll

The FAA should increase Aircraft Certification and Flight Standards Services
personnel's knowledge about each other's roles and responsibilities. In particular,
increase certification pilots' and engineers' knowledge of fine operations considerations,
and Aircraft Evaluation Group personnel's knowledge about airworthiness certification
considerations.

Discussion ofRecommendation Knowlefoe.] ]•

Recommended ways to accomplish the objectives ofthis recommendation include
developing guidelines and necessary procedures to:

• Expand the jumpseat authority for certification test pilots to improve their knowledge of
line operations, possibly to include permitting certification test pilots and selected Flight
Standards pilots (e.g., AEG pilots) to serve as flightcrew members in actual line
operations. This area was considered to be extremely important by the team members

Page 115



Report ofthe FAA Human Factors Team

^$xiSl?)pr0pnate AC° engineers t0 temporary duty at Certificate Management Offices
(CMO) for the purpose ofexposing them to airline operations and Flight Standards
duties. As part of this assignment, ACO personnel should be given temporary cockpit
jumpseat authority so they could observe first hand the day-to-day operations ofan airline
from the flightcrew's point ofview.

Assign Flight Standards personnel from AEGs and CMOs to temporary duty at an
appropriate ACO. The purpose would be to expose these personnel to certification duties.

Recommendation Knowledge-12

The FAA should improve the knowledge of personnel in Aircraft Certification and
Flight Standards Services about processes for identifying and communicating
requirements for research (either specific studies required or identification ofareas of
concern).

Discussion ofRecommendation Knowledge-p-

The FAA should coordinate and provide documentation to each oftheir personnel about the
process for identifying and communicating requirements for research. It will require more
than documentation to succeed in fostering this communication, however. Significant
guidance and encouragement from appropriate management personnel will be necessary. (See
related Recommendation Comm/Coord-8.)

Recommendation Knowledge-13

The FAA should encourage researchers to learn more about industry and FAA'
research needs and about operational considerations inaviation.

Discussion of Knowledge-^-

The research community consists ofmany types ofresearch labs in avariety oflocations
including the FAA, NASA, other government research laboratories, universities and
industry. Each organization will require its own type ofeducation. There are several ways to
implement this recommendation. For example, in many instances, researchers addressing
flight deck problems should have exposure to aircraft flight deck operations. To the extent
practical and feasible, the FAA and airlines should facilitate simulator or jumpseat
observation. As discussed in Recommendation Comm/Coord-8, communication with
operators and airframe and avionics manufacturers should be encouraged so that researchers
learn more about their needs. Certification and flight standards management should foster the
processes ofcommunicating research needs, and provide guidance for doing so.
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Culture

Culture consists ofthe norms, attitudes, values, and practices that members ofa nation,
organization, profession, orother group ofpeople share. In a survey ofpilot attitudes towards
automation, very large national cultural differences were found.20 The observed differences
do not imply that one national culture issuperior to another orthat there are "culturally
correct" attitudes regarding automation. Rather, they suggest that the automated systems
reflect the culture inwhich they were designed and that these systems may be received and
used quite differently in other cultures.

Two dimensions ofculture thathave beenisolated in research have beenfound to affect the
way flightcrews manage automation and accept and practice concepts such CRM.21' 22
Power-distance refers to the nature ofrelations between leaders and subordinates, where
subordinates in high power-distance cultures tend to accept and expect autocratic leadership
and aregenerally unwilling to question the acts ordecisions of leaders. Individualism-
Collectivism reflects the extent to which an individual's behavior is defined andinfluenced
by others. Both ofthese dimensions represent aperspective with which to view the way
flightcrews interact with automation, which they may regard as an electronic crewmember.

Aspecific area where observed national cultural differences may have aneffect iswhether
the pilots will turn the automation on or off(or increase/decrease the level ofautomation)
when they are confronted by non-normal situations. Arelated issue is whether flightcrews
will disengage the automation instead ofreprogramming when changes in the flight path are
desired (such asan approach orrunway change) under high workload conditions, orwhen the
flightcrew members are confused by or unable to get desired results from the autoflight
system. For example, while 52% ofthe pilots surveyed agreed that programming the FMS
should beavoided under high workload conditions, the variation across national cultures was
between 35% and 64%. There was an even larger difference among national cultures inthe
perception that the operator's organization expects flightcrews to always use automation,
varying from 32% to 84% agreement.23 Consistent with these survey results, we found from
our meetings with airlines and pilots that different operators have different approaches to the

20Sherman, PJ &Helmreich, RL. (1995). Attitudes toward automation: The effect ofnational culture. In
Proceedings ofthe Eighth International Symposium on Aviation Psychology (pp. 682-687). Columbus, OH:
Ohio StateUniversity.
2,Hofstede, G. (1980). Cultures consequences: International differences in work-relatedvalues. Beverly Hills
CA: Sage.

^Merritt, AC &Helmreich, RL. (1996). Human factors on the flight deck: The influence ofnational culture.
Journal ofCross Cultural Psychology. 27, 6-25.
^Helmreich, RL, Merritt, AC, and Sherman, PJ (1996). The Flight Management Attitudes Questionnaire: An
international survey ofpilot attitudes regarding cockpit management and automation. Study in progress. Austin,
Texas: NASA/University ofTexas/FAA Aerospace Crew Research Project.

Page 117



Report ofthe FAA Human Factors Team

use ofautomation and that their training and procedures reflect these differences. These
differences are undoubtedly influenced by both organizational characteristics and culture.

Given the evidence that culture does influence flightcrew members' use ofautomation, the
pilot model used by regulatory officials to represent the range ofexpected pilot behaviors
should take these cultural effects into consideration. (See the Section "Flightcrew
Management and Direction ofAutomation" for other discussion regarding flightcrew use of
automation, and its evaluation by certification and operational specialists.) Similarly, the
autoflight system designers' assumptions should be consistent with how the pilots will use
the automation or there is an increased potential for flightcrew error. Technical specialists at
the manufacturers expressed surprise at some ways that automation is used in line operations
indicating aless-than-complete understanding ofoperating practices.

Organizations may develop unique cultures, just as nations do. Organizational cultures
generally reflect national culture, but the history, practices, and management oforganizations
are also factors. In addition, there can be distinct subcultures within organizations For
example, mterms ofboth attitudes regarding automation and acceptance ofCRM concepts
sigmficant differences have been found among the different airplane fleets of individual '
operators.2* * The management ofparticular fleets influences the norms ofthese subcultures
withiri the operator sorganization. While the HF Team did not extensively explore this issue
the influence oforganizational leadership and culture, operations management, and corporate
the^crafti reC0gm2ed MimpOItant factors *** flightcrew's approach to operating

Yet another cultural factor that may influence automation usage is age. The HF Team heard
several comments about how younger pilots tend to be more comfortable with the automation
and programming;the FMS, sometimes preferring to use ahigher level ofautomation than
may be considered appropriate for the circumstances. We even heard some younger pilots
being referred to as "Nintendo kids." While it is important to understand the potential
influence ofthis factor, it is important not to overgeneralize the issue ofage, because many
exceptions to the generalization exist.

These are only afew ofthe possible cultural factors that influence the coordination between
the flightcrew and the flight deck. The HF Team assessment ofthis area was very limited but
was enough to recognize that cultural effects can be important - and at present, we do not
understand as much as we should about theireffects.

24ibid.

"Helmreich, RL &Foushee, HC (1993). Why Crew Resource Management? Empirical and theoretical bases
ofhuman factors training maviation. In EL Wiener, BG Kanki, and RL Helmreich (Eds.), Cockpit Resource
Management (pp. 3- 45). San Diego: Academic Press. F source

7aZrese*Z.2til m50Jr,Ce**""^ ***** °""**°W^"^**J"CideMHuman
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Language

An issue related to but distinct from culture is that oflanguage. English is the standard
language ofaviation, and airplane systems interfaces, manuals, procedures, and interactions
with ATS are usually in English (although there are some exceptions). The HF Team heard
concerns related to the use ofthese systems, documents, and procedures by pilots and
controllers for whom English is not their native language, and who had varying levels of
competency in English.

In general, concerns were raised that misunderstandings may occur when non-native English
speakers must use English. Several examples where these misunderstandings may occur
include:

• Situations involving amix ofnative and non-native English speakers, among flightcrew
members on the flight deck and between flightcrews and controllers;

• English-language-based flight decks operated by flightcrew members whose native
language is not English. This is exacerbated by abbreviations and cryptic messages on
caution and warning systems, flight mode annunciators, control display units, etc.; and

• Non-English-based flight decks (e.g., Russian aircraft based on the Cyrillic alphabet)
being operated by flightcrew members whose native language isnot the same as the one
on which the flight deck is based.

Using ICAO standard phraseology may help reduce the potential for miscommunications.
However, the ICAO phraseology standards are outdated for many new types ofoperations
now occurring in the aviation environment (e.g., sidestep approaches, converging approaches,
FMS approaches, RNP).

Recommendations

Recommendation Culture-1

The FAA should ensure that research is conducted to characterize cultural effects and
provide better methods to adapt design, training, publications, and operational
procedures to different cultures.The results ofthe research should also be used to
identify significant vulnerabilities, ifany, in existing flight deck designs, training, or
operations, and how those vulnerabilities should be addressed.
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Discussion ofRecommendation Culture-1 •

Understanding ofthe problems and issues in this area is limited but growing. There is aneed
to accelerate that growth, and proceed with implementation ofmethods to incorporate the
knowledge. The results of research in this area must be transitioned to the target customer
community as soon as possible.

There may be resistance to this recommendation by organizations who believe their culture
or practices are underquestion.

Recommendation CuIture-2

The FAA should encourage simplified flight deck messages, training, manuals, and
procedures with clearer meaning to non-native English speakers. The FAA should
encourage the use ofintemationaUy understood visual symbols and pictures where

[appropriate, rather than verbal descriptions ordirections.

Discussion ofRecommenH^Jon rnlnire.?-

The FAA should work together with industry to implement this recommendation. They
should encourage the use ofsimplified messages on caution and warning systems, and
corresponding clear and simple procedures.

Recommendation CuIture-3

The FAA should provide leadership to update ICAO phraseology standards and to
encourage their use.

Discussion ofRecommendation Cultured-

The FAA should work with ICAO to assure that the ICAO phraseology is updated where
appropriate, especially for new types ofnavigation procedures and approaches. The updated
phraseology should be adopted for standard use to reduce the potential for
miscommunications. ICAO phraseology that does not need updating should be adopted for
standard use as soon as possible without waiting for the updates to be developed
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Recommendation Culture-4

The FAA should promote timely and clear communications between flightcrews and
Air Traffic Services through:

Accelerated efforts for transmission ofinformation via datalink, as appropriate
(e.g., Automatic Terminal Information Service (ATIS), weather, pre-departure
clearances (PDC));

Assuring clear and intelligible transmission of ATIS and clearance information
where datalink is unavailable or unsuitable; and

Standard procedures and taxi routes.

Discussion ofRecommendation Culhire-4-

The FAA should encourage the transmission ofATIS, weather, PDC, and other appropriate
information by datalink. The FAA should also assure that ATIS and clearance information is
communicated clearly and intelligibly from Air Traffic Services; that is, the transmission of
information should be done slowly and distinctly enough for comprehension by all
flightcrews, including those whose native language is not English. In addition, the FAA
should encourage the use ofstandard taxi routes tofacilitate clear communication between
traffic services onthe ground and flightcrews.
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Potential Barriers to Implementation ofthe
Recommendations

Implementing the HF Team's recommendations will be challenging. Many ofthe
recommendations call for changes that will generate resistance. In this section, we identify
potential barriers to implementation ofthe team's recommendations, so that the barriers can
be addressed.

We believe the following barriers may exist to varying degrees for all the recommendations:

Resources. Considering that resources (i.e., people, money, and time) are always in short
supply, there must be avery compelling reason to invest resources in aparticular activity.

kiaMity. Incorporating improvements that can be linked to asafety issue may lead to legal
concerns over liability issues, reducing the incentives for making the improvements.

Re^tapce to change. There is anatural tendency to resist many types ofchanges, especially
ifindividuals, groups, or organizations feel threatened. For each ofthese recommendations, it
will be important to communicate the intent and potential safety benefits.

Twrf protection. This is another common response to change, especially change that is
potentially major.

Refensivene^. Another common response is defensiveness against perceived criticism.

Fitlger pointing. Problems are typically identified as the other party's fault, particularly
when system-related deficiencies are involved. We observed several cases of finger pointing
by different groups who provided input to this study.

Perception Of too mpch FAA participation and scrutiny We heard many concerns about
increased and inappropriate regulatory oversight.

Mfclindentandinffs ahp»t fflurnan Factors- There are many misunderstandings about
human factors, what it means, and what it involves. A few that we encountered are:

• There is asingle, agreed-upon definition ofhuman factors. We found that itwas
difficult to find acommonly agreed-upon definition. For example, we found that some
people use "human factors" and "crew resource management (CRM)" to mean the same
thing. Human factors is much broader than CRM, although CRM is certainly an
important part ofhuman factors.
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• There are no special skills or training required to do human factors work
(corollary: We're all human, so we can all do human factors). There is acommon
misperception that anyone can "do human factors" (whatever is meant by that -- see
previous bullet) because they are human. Therefore, for example, they can design or
evaluate adisplay or interface based on personal preferences. This perception ofhuman
factors overlooks the vast amount ofobjective, systematic methods and data developed
from theoretical and empirical human factors efforts done for avariety ofapplications.
Knowledge ofthese methods and data is important for appropriately applying human
factors. Arelated and important point that is often overlooked is that subjective opinion
or judgment may differ significantly from objective performance results. Judgments and
opinions can be very valuable for gaining insight, but are not satisfactory substitutes for
objectiveperformance data.

Experienced pilots are the same as human factors experts. As mentioned in the last
point, human factors work requires special knowledge and skills. Piloting skills are
equally valuable but are different from human factors skills.

Test pilots and line pilots can do equivalent functions. Line pilots are not trained in the
skills necessary to assess the acceptability ofsystems across the range ofpotential failure
scenarios, but they can provide valuable insight into how the systems will be used in the
operational environment. On the other hand, test pilots are specially trained in evaluation
skills, but may lack the operational experience to consider the full range ofbehaviors that
are exhibited bydifferent line pilots.

It's easy to know when the pilot's information or mission requirements are met -
we know it when we see it. This misperception is similar to the assumption that
subjective opinion or judgment is sufficient to determine that requirements are met As
said before, while useful, subjective data are insufficient. In addition to subjective
judgment and opinion, the HF Team advocates using objective, systematically acquired
dataformaking design andevaluation decisions.

Human factors professionals can "human factor" the interface after the design is
finished. As discussed earlier in the report, designing asystem to be human centered
requires consideration ofhuman performance in defining the functionality ofthe system
Simply putting awell-designed interface on the system after its functionality is already
defined is insufficient. For example, improving flight mode annunciation alone without
reconsidering the definitions ofthe autoflight modes will not solve the mode awareness
vulnerabilities.

There is asimple, single-point solution to every human factors problem. As
mentioned earlier, the issues we identified are highly interrelated. It is unrealistic to
assume that simple, single-point solutions will usually solve human factors problems

"What Avionics Engineers Need to Know About Human Factors. Victor Riley, 1995 Digital Avionics Systems
Conference.
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We don't need to fix the design - just train the pilots more. Training should not be
used as the solution for inadequate design, although sometimes the only short-term
approach to dealing with design problems is through training. However, longer-term
solutions for improved design should also be pursued.

Current experience is always applicable to new technology. While sometimes true, it
is risky to assume that new technology will have thesame influence onhuman
performance ascurrent experience with current technology.

HF evaluation is a democratic process. Just because morethanhalf of a number of
evaluators (or test subjects) have acertain opinion or judgment does not necessarily make
that judgment the "right" answer from ahuman performance perspective.

Existence ofa HF department means HF isa part of design process. The existence of
ahuman factors department does not ensure that human factors have been adequately
considered as acore discipline in design (or in other relevant areas, such as training or
certification).
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Follow-On Effort and Implementation ofthe
Recommendations

Although a great deal ofeffort has gone into the HF Team's activities, the really difficult
tasks lie ahead. The recommendations contained within this report potentially affect many
areas within the FAA and industry, including aircraft design and certification, flight
operations, flightcrew training, air traffic control, and research and development.
Implementation ofthese recommendations will require a commitment by the affected
organizations and individuals. Without commitment, this effort could be soon forgotten, the
reportput on a shelf, and the statusquo maintained.

Therefore, rather than being viewed as the end ofaproject, this report represents the
beginning ofwhat must be a long term commitment by the FAA and the aviation community
that will, if successfully implemented and managed, help reduce the accident rate and
improve the safety ofair transportation. As the first phase ofthis effort comes to aclose, and
to assure necessary improvements in the safety ofair transportation, it is important that the
FAA commit the necessary resources to implementing the recommendations presented in this
report.

What's Next?

Since so many FAA organizations are affected by the recommendations, ameans oftracking
and guiding the implementation ofthe recommendations will be necessary. Therefore, the HF
Team recommends that animplementation team be formed. This team would betasked with
coordinating the implementation ofthe recommendations and providing visibility to FAA
management ontheprogress ofthe implementation effort. Such a team could assist affected
FAA organizations by interpreting the recommendations to ensure aclear understanding of
what the Team intended, identify short and long term priorities, help schedule
implementation efforts, and help identify and obtain necessary resources. The
implementation team should have members representing each ofthe FAA organizations
responsible for implementing recommendations and should include representatives from the
HF Team. The JAA should also be represented. The implementation team should also work
with outside industry groups, such as AIA, ATA, ALPA, APA, and SAE G-10, who will also
be working to implement this report's recommendations. Figure 7shows agraphical
representation ofthe proposed FAA implementation team's inter-relationship with affected
organizations within and outside the FAA.

One ofthe first tasks ofthe implementation team should be to identify and work with the
affected organizations and develop an implementation plan, including priorities, specific
approaches to implement particular recommendations, and a schedule. The schedule would
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be based on the urgency and importance ofaccomplishing the recommendations) and the
available resources.

International Effort

Many ofthe issues and recommendations contained within this report address areas that must
be viewed minternational terms. Therefore, implementation of these recommendations
should be acoordinated effort with the JAA and other airworthiness authorities as
appropnate (e.g., Japan Civil Aviation Bureau, Australian Civil Aviation Authority).

The JAA formed ahuman factors steering group (HFStG) to consider all human factors
aspects ofthe JARs. One ofthe tasks ofthe steering group is to: "...collect information on
Human Factors issues and participate, when required, into the activities ofother regulatory
bodies or organizations (notably FAA)." The JAA HFStG will form aworking group to
consider the recommendations contained in this report.

The timing with respect to the formation ofthe JAA HFStG and the release ofthis report
raT^^PP^rtUnity f°r coordinatin8 Ae Human Factors Team's recommendations with
the JAA The FAA has been invited to participate in the JAA HFStG as an observer and has
accepted that invitation by naming two individuals to represent the FAA.
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Figure 7
Proposal for FAA Human Factors Team

Follow-on Effort

c New Committees

Existing CommitteesL
Aviation

Rulemaking
Advisory

Committees

T
Workwith existing
ARAC committees

and identify newrulemaking
efforts necessary to

implement
recommendations

Work with FAA R&O
and other governmental and

non-governmental R&O groups to
implement the recommendations

I
FAA Research &

Development

x;
NASA

Other R&D

FAA Management
(Regulation and

Certification)

T
Act as a focal point and

coordinate FAA's activity necessary
to implement the Team's

recommendations and

reportsto FAA management

FAA Human
Factors Report
Implementation

Team

Othern
f Air Traffic Services

f Flight Standards
Aircraft Certification^L

FAA Organizations

T
Workwith affected FAA organizations

to ensure timely and efficient
implementationofthe

recommendations

JAA Human Factors
Steering Group

I
Work together to

ensure

harmonization of
efforts

Work with industry,
pilotgroups, manufacturers.
and operatorsto implement

the recommendations

/
Industry Groups

and Pilot

Associations

Y

Page 129



Report ofthe FAA Human Factors Team

This page intentionally leftblank

Page 130



Concluding Remarks

In summary, the HF Team found during its investigation that the aviation system is very safe,
but that vulnerabilities in the flightcrew/automation interface exist, especially in the area of
flightcrew management ofautomation and situation awareness. These vulnerabilities appear
to exist to varying degrees across the current fleet oftransport category airplanes in our
study, regardless ofthe manufacturer, the operator, or whether accidents have occurred in a
particular airplane type. Although the Team found specific issues associated with particular
design, operating, or training philosophies, we consider the generic vulnerabilities and issues
the more sigmficant barrier to improving safety. It is this larger pattern that serves as abarrier
to needed improvements to the current level ofsafety, or could threaten the current safety
record in the future aviation environment. Itis this larger pattern that needs to be
characterized, understood, andaddressed.

The issues identified by the HF Team are highly interrelated, and are evidence ofaviation
system problems, not just isolated human or machine errors. Therefore, we need system
solutions, not just point solutions to individual problems. To treat one issue (or underlying
cause) in isolation may improve certain aspects ofthe aviation system, but will ultimately fail
to fundamentally increase the safety ofairplane operations, and will prevent us from reaching
the goal ofzero accidents.

The recommendations represent both short term and long term approaches to addressing the
issues. These recommendations address the immediate vulnerabilities, as well as the
characteristics ofthe processes in the aviation system that allow the vulnerabilities to exist.

The HF Team chose not to prioritize the recommendations. We decided that the prioritization
task was best left to the implementation team proposed in the previous section. Also, we were
concerned that pnontization would result in implementation ofonly those recommendations
designated as high priority. While we do believe that some recommendations may be more
urgent than others, we believe that all the recommendations are important. As stated in the
preceding paragraph, the HF Team believes asystematic approach must be taken to treating
the issues if the goal ofzero accidents is to be obtained.

The HF team also recognizes the economic pressures that inhibit making safety changes
when there is not astrong tie to an accident (and sometimes not even then). However we
believe that, ifacuon is not taken soon, the vulnerabilities we identified have the potential to
lead tomore accidents and serious incidents. P"«nuai 10

Commitment by the affected organizations will be necessary ifthe recommendations in this
report are to make adifference in aviation safety. We believe that the FAA has demonstrated
ts commitment by conducting this study. The next step will require the FAA and mere* of

the aviation community to develop innovative approaches to further improve the safety ofair
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transportation. Similarly, airplane and avionics manufacturers, operators, unions, and
associations must also be willing to work with the FAA and JAA to implement the
recommendations.
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Background;

Pilot error continues to dominate the list ofprimary cause factors for accidents involving
transport category airplanes. In approximately 60% ofthe accidents with known causes, pilot
error was identified as a primary cause factor. Modern flight deck designs, which have
automated many pilot tasks, have not significantly reduced this percentage. Although the
automatic systems have reduced or eliminated some types ofpilot errors, other types oferrors
have been introduced. Several recent accidents appear to highlight difficulties in pilot
interaction with the increasing flight deckautomation.

Therefore, the Federal Aviation Administration Transport Airplane Directorate, under the
approval ofthe Director, Aircraft Certification Service, has initiated a study toevaluate
current generation transport category airplane flight deck design, especially in regards to the
human interfaces with airplane systems and the effect ofthese interfaces on airplane safety.
The study will concentrate on the design, training/crew qualification, and operation ofthose
systems dealing with flight path management.28 Itwill encompass large transport category
airplanes equipped with current generation flight deck controls, e.g., Airbus A300-600/
A310/A320/ A330/A340, Boeing 737/757/767/747-400/777, McDonnell Douglas MD-
80/MD-90/MD-11 and Fokker F28-0100 and -0070.

To conduct this study, a team, entitled the Human Factors Team (hereafter isreferred to as
the Team), has been formed.

Statement of Ohjecrives;

The Team will evaluate current generation transport category airplane flight deck designs in
regards to the human interfaces with airplane systems and the effect ofthese interfaces on
airplane safety. The study will concentrate on the design, training/crew qualification, and
operation ofthose systems dealing with flight path management. The Team will consider all
factors that can influence the pilot's ability to safely operate the airplane during all phases of
flight, including, but not limited to, mode/situation awareness, pilot expectations regarding
the automatic systems and the subsequent pilot response when those expectations are not
met, and crew resource management inmodern flight decks.

The Team shall:

a) Identify specific and generic safety related design problems, ifany, related to pilot/airplane
interfaces, in the airplane types under study. The Team will recommend appropriate means to
address these problems.

28Flight path management is defined as the integration ofguidance, navigation, control and associated
interfaces/control devices used by the pilot to manage the flight path ofthe aircraft.

Page A-2



Appendix A

b) Identify specific and generic training/crew qualification and operational problems, ifany,
related to pilot/airplane interfaces in the airplane types under study. The Team will
recommend appropriate means to address these problems.

c) Identify those concerns that should be the subject ofnew orrevised Federal Aviation
Regulations (FAR), advisory circulars (AC) and/or policies.

Principal Types to he Studied-

The following series airplanes are tobe addressed by the Team:

Boeing: Models 737/757/767/747-400/777
Airbus: Models A300-600/A310/A320/A330/A340
McDonnell Douglas: Models MD-80/MD-90/MD-11
Fokker: Model F28-0100/-0070

The Team will visit each manufacturer ofthe airplane types under study.

Time Frame:

The study shall be completed within 12 months following the first team meeting.

Group Structure;

The Team will consist ofapproximately 11 individuals and is composed as follows: (1) two
engineers from the FAA Transport Standards Staff; (2) two FAA flight test pilots; (3) the
FAA National Resource Specialists in flight management and air carrier operations; (4) one
pilot from FAA Flight Standards; (5) one NASA human factors expert; and (6) three
representatives from the Joint Aviation Authorities (JAA). The Team will have co-leaders,
two from the FAA and one from outside the FAA. In addition, three independent consultants
with recognized expertise inhuman factors will be retained as expert technical advisors tothe
team. Other experts inthe areas ofstudy will be consulted asnecessary.

Group Membership:

Team membership is as follows:

FAA Co-chairs: Steve Slotte and Don Stimson, Transport Standards Staff
NASA Co-Chair: Dr. Kathy Abbott, NASA
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JAA Participants:

FAAParticipants:

Appendix A

Dr. Rene Amalberti (DGAC -France) -Human Factors Specialist
Francois Fabre (DGAC - France) - Test Pilot
Terry Newman (CAA - U.K.) - Test Pilot
Heert Tigchelaar (RLD - Netherlands) - Test Pilot

Eugene Bollin, Wichita Aircraft Certification Office Flight Test
Tom Imrich, National Resource Specialist - Air Carrier Operations
Rod Lalley, Seattle Aircraft Evaluation Group
George Lyddane, National Resource Specialist - Flight Management
Guy Thiel, Los Angeles Aircraft Certification Office Flight Test

Expert Technical Arivknrr

Independent
Consultants: Dr. Bob Helmreich," University ofTexas

Dr. Nadine Sarter, Ohio State University
Dr. David Woods, Ohio State University

Product:

h__rim: Abriefreport on the Team's progress and plans will be submitted at bi-monthly
intervals tothe Manager, Transport Airplane Directorate.

Final: The Team will prepare afinal report that defines the Team's findings and
recommendations. The final report will be submitted to the Manager, Transport Airplane
Directorate.

4&~J&T6Jk
Ronald T. Wojnar
Manager, Transport Airplane Directorate
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Appendix B
Matrix of Issues and Recommendations

Issue

Measurement ofand Incentives

for Safety

Recommendation

The FAA should:

• Lead the aviation community
to use accident precursors
increasingly and consistently
as an additional measure of

aviation safety;

• Work with industry to
establish systems/processes for
collecting precursor data and
for tracking the influence of
system changes(e.g., design
changes, training changes) on
safety; and

• Work with industry to
investigate other means of
assessingor communicating
safety (e.g., ways of measuring
errors intercepted, incidents or
accidentsprevented, etc.).
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Report ofthe FAA Human FactorsTeam

Issue Recommendation

Measurement ofand Incentives
for Safety

Inaccident/incident investigations
where human error is considered a
potential factor, the FAA and the
National Transportation Safety
Board should thoroughly
investigate the factors that
contributed to the error, including
design, training, operational
procedures, theairspace system, or
other factors. The FAA should
encourage other organizations
(both domestic and foreign)
conducting accident/incident
investigations to do the same. This
recommendation should apply to
all accident/incident investigations
involving human error, regardless
ofwhether the error is associated
witha pilot,mechanic, air traffic
controller, dispatcher, or other
participant in the aviation system.

Measurement ofand Incentives
for Safety

Flightcrew Management and
Direction ofAutomation

The FAA should explore means to
create additional incentives to
improve safety through
appropriate design, training or
operational improvements.

The FAA should ensure that a
uniform set of information
regarding the manufacturers' and
operators' automation
philosophies is explicitly
conveyed to flightcrews.
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Issue

Flightcrew Management and
Direction ofAutomation

Recommendation

The FAA shouldrequire
operators' manuals and
initial/recurrent qualification
programs to provide clear and
concise guidance on:

• Examples ofcircumstances in
which the autopilotshould be
engaged, disengaged, or used
in a mode with greater or
lesser authority;

• The conditions under which

the autopilot or autothrottle
will or will not engage, will
disengage, or will revert to
another mode; and

• Appropriate combinations of
automatic and manual flight
path control (e.g., autothrottle
engagedwith the autopilot
off).
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Issue

FlightcrewManagement and
Direction ofAutomation

Flightcrew Management and
Direction ofAutomation

Flightcrew Management and
Direction ofAutomation

Recommendation

The FAA should initiate a review
oftheautopilots on all transport
category airplanes to identify the
potential for producing hazardous
energy states, excessive pitch or
bank angles, subtle departures
from the intended flight path,
slow-overs, hard-overs, or other
undesirable maneuvers. Results of
this review should be the basis for
initiating appropriate actions, such
asdesign improvements, flight
manual revisions, additional
operating limitations, orchanges
intraining programs oroperational
procedures.

The FAA should assure that
analyses are conducted to better
understand why flightcrews
deviate from procedures,
especially when theprocedural
deviation contributes to causing or
preventing an accident or incident.

The FAA should request industry
totake the lead in developing
designguidelinesfor the next
generation of flight management
systems

1
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Issue

Flightcrew Situation Awareness

Recommendation

The FAA should require operators
to increase flightcrews'
understanding of and sensitivity to
maintaining situationawareness,
particularly:

• Mode andairplane energy
awareness issues associated

with autoflight systems (i.e.,
autopilot, autothrottle, flight
management system, and fly-
by-wire flight control
systems);

• Position awareness with
respect to the intended flight
pathandproximity to terrain,
obstacles, or traffic; and

» Potential causes, flightcrew
detection, and recovery from
hazardous pitch or bank angle
upsets while under autopilot
control (e.g., wake vortex,
subtle autopilotfailures,
engine failure in cruise,
atmospheric turbulence).

Page B-5

Appendix B

Recommendation

Number

SA-1



Report ofthe FAA Human FactorsTeam

Issue Recommendation

Flightcrew Situation Awareness TheFAA should require
operators' initial and recurrent
trainingprogramsas well as
appropriate operating manuals to:

• Explicitly address autoflight
mode andairplane energy
awareness hazards;

• Provide information on the
characteristics and principles
ofthe autoflight system's
design thathave operational
safetyconsequences; and

• Provide training toproficiency
ofthe flight management
system capabilities to be used
in operations.

Flightcrew Situation Awareness

Flightcrew Situation Awareness

The FAA should encourage the
aviation industry todevelop and
implement new concepts to
provide better terrain awareness.

The FAA and the aviation industry
should develop and implement a
planto transition to standardized
instrument approaches using
lateral navigation (LNAV) and
vertical navigation (VNAV) path
guidance for three-dimensional
approaches. The use ofapproaches
that lack vertical path guidance
should be minimized and
eventually eliminated.
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Issue

Flightcrew Situation Awareness

Flightcrew Situation Awareness

Recommendation

The FAA shouldencourage the
exploration, development, and
testing ofnew ideas and
approaches for providing effective
feedback to the flightcrew to
support error detection and
improved situation awareness.

The FAA shouldencourage
standardization, as appropriate, of
automation interface features, such
as:

• The location, shape,and
direction ofmovement for

takeoff/go-around and
autothrottle quick disconnect
switches;

• Autoflight system mode
selectors andselector panel
layout;

• Autoflight system modes,
display symbology, and
nomenclature; and

• Flight management system
interfaces, dataentry
conventions, and
nomenclature.

Page B-7

Appendix B

Recommendation

Number

SA-5

SA-6



Repon ofthe FAA Human Factors Team

Issue

Flightcrew Situation Awareness

Flightcrew Situation Awareness

Recommendation

The FAA and theaviation industry
should update or develop new
standards and evaluation criteria
for information presented to the
flightcrew byflight deck displays
and audio advisories (e.g., primary
flight displays,
navigation/communication
displays, synoptics showing
system states).

The FAA should ensure that
flightcrews are educated about
hazardous states ofawareness and
the need for countermeasures to
maintain vigilance. The FAA
should encourage operators to:

• Develop operational
procedures and strategies to
foster attention management
skills with the objective of
avoiding hazardous states of
awareness; and

• Develop techniques to apply
during training to identify and
minimize hazardous states of
awareness.
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Issue Recommendation Recommendation

Number

Criteria, Regulatory Standards,
Methods and Tools for Design

and Certification

The FAA should prepare and
distribute interim guidance
material that updates current
autopilot certification policy.

Criteria-2

Criteria, Regulatory Standards,
Methods and Tools for Design

and Certification

The FAA should task an

appropriate Aviation Rulemaking
Advisory Committee
Harmomzation Working Group
(HWG) with updating the
autopilot regulatory standards
(14 CFR 25.1329). This HWG
should include specialists
knowledgeable in human factors
methods and skills from both

industry and the regulatory
authorities.

Criteria-3
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Issue

Criteria, Regulatory Standards,
Methods and Tools for Design

and Certification

Recommendation

The FAA should revise/update the
following specific FARs and
associated advisory material:

§ 25.1322 Warning, caution, and
advisory lights: Revise to reflect
the current and anticipated design
practice for modern transport
category airplanes.

§ 25.1335 FlightDirector: Revise
to reflect the current and
anticipated design practice for
modern transport category
airplanes.

§ 121.703 Mechanical reliability
reports: Revise the requirements to
also include reporting of
significant flightdeck automation
failures and/or anomalies that
adversely affect safe flight path
management Reinforce the
Aviation Rulemaking Advisory
Committee (ARAC) activity in
this area.
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

The FAA should encourage flight
deck design organizations to:

(1) Make human factors
engineering a core discipline
ofthe flight deck system
design activity; and

(2) Ensure that the design team
has sufficient human factors
and operational knowledge
and expertise by:

• Distributing guiding principles
for flightcrew-centered design
(as described in
Recommendation Processes-1)
to all design team members;

• Including human factors
expertise as part ofthe design
team;

• Assuring that each relevant
member ofthe team has at

least a basic knowledge of
human factors in order to

understand and communicate
human performance issues and
human-centered design
considerations; and

» Assuringthat flight deck
design team members have
relevant operational
knowledge.
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Report ofthe FAA Human Factors Team

Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

The FAA should reassess the
requirements that determine the
content, length, and typeof initial
and recurrent flightcrew training.
Ensure that the content
appropriately includes:

• Management and use of
automation, including mental
models ofthe automation, and
moving between levels of
automation;

• Flightcrew situation
awareness, includingmode
andautomation awareness;

» Basicairmanship;

• Crew Resource Management;

• Decision making, including
unanticipated event training;

• Examples of specific
difficulties encountered either
in service or in training; and

• Workload management (task
management).

The FAA should work with
industry todevelop guiding
principles and associated advisory
material for training, operational
procedures, and flightcrew
qualification for the areas listed
above.
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Knowledge and Skills of
Designers, Pilots,Operators,
Regulators, and Researchers

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

The FAA should strongly
encourage or provide incentives to
make advanced maneuvers

training an integral part ofthe
training curriculum, especially in
recurrent training.

The FAA shouldreassess recency
requirements for flightcrews
involved in long haul operations.
Considerproviding incentives and
alternative methods for flightcrews
to practicetakeoffs and landings,
and perhapsarrival and departure
procedures that are infrequently
used.

The FAA should reassess the
airman certification criteria to
ensure that pilots are released with
a satisfactory level ofskills for
managingand using automation.
Sincecurrenttrainingis often
oriented towardpreparing pilots
for checkrides, the airman
certification criteria should be

reassessed to ensure appropriate
coverageofthe topics listed in
Recommendation Knowledge-2.
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

Operators should ensure that flight
safety andtraining managers are
appropriately educated about
human factors considerations,
particularly with regard to
automation.

TheFAA should improve the
education ofAir Traffic Service
personnel about the capabilities
andlimitations ofhighly
automated airplanes.

The FAA shouldprovide
appropriate regulatory personnel
with a guide or roadmap to current
Federal Aviation Regulations,
advisory material, policy
memoranda, and other guidance
material dealing with human
performance related to the
flightcrew-vehicle interface. The
FAA should ensure that this
material is used in aircraft
certification projects, airline
qualification program assessments,
and airmanqualification.
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

The FAA shoulddevelopa
systematic training program for
appropriate Aircraft Certification
and Flight Standards Services
personnel to provide initial and
recurrent training in the area of
human factors as it relates to

certifying new products and
evaluating flightcrew
performance. The training should
include instruction on:

• Insightinto the relationship
among the flightcrew, the
flight deck design, and the
operational environment;

• Flightcrew information
processing;

• Workload, human error, and
situation awareness;

• Otherflightcrew performance
issues, includingfatigue,
CRM, and attention
management;

• Design and evaluation of flight
deck displays;

• Aircraft control laws and
feedbacksystems;

• Human-automation
interaction;

» Human-centered design
principles and guidelines; and

» Ergonomics - fitting thedesign
to the user.
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Knowledgeand Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Recommendation

The FAA should appropriately
staffthestandards organizations
and aircraft certification offices
with human factors expertise and
integratepersonnel with such
expertise into certification teams,
participating and applying their
expertise in the same manner as
othercertification team members
(e.g. airframe, flight test, systems
and equipment, propulsion).

The FAAshould increase Aircraft
Certification and Flight Standards
Services personnel's knowledge
about each other's roles and
responsibilities. In particular,
increase certification pilots' and
engineers' knowledge of line
operations considerations, and
Aircraft Evaluation Group
personnel's knowledge about
airworthiness certification
considerations.

The FAA should improve the
knowledge of personnel in Aircraft
Certification and Flight Standards
Services aboutprocesses for
identifying and communicating
requirements for research (either
specific studies required or
identification ofareas ofconcern).
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Issue

Knowledge and Skills of
Designers, Pilots, Operators,
Regulators, and Researchers

Cultural and Language
Differences

Cultural and Language
Differences

Recommendation

The FAA should encourage
researchers to learn more about

industry and FAA's research needs
and about operational
considerations in aviation.

The FAA should ensure that

research is conducted to

characterize cultural effects and
provide bettermethods to adapt
design, training,publications,and
operational procedures to different
cultures. The results ofthe

research should also be used to

identify significant vulnerabilities,
ifany, in existingflight deck
designs, training, or operations,
and how those vulnerabilities
should be addressed.

TheFAAshould encourage
simplified flight deck messages,
training, manuals, andprocedures
with clearermeaning to non-native
English speakers. The FAA should
encourage the use of
internationally understoodvisual
symbolsand pictures where
appropriate, rather than verbal
descriptions or directions.
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