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NOTICE

This document is disscminated under the sponsorship of the
Departmerit of Transportation in the interest of information
exchange. The United States Government assumes no liability
for its contents or use thereof.

NOTICE

The United States Government does not endorse products or
manufacturers. Trade or manufacturer’s names appear herein
solely because they are censidered essential to the object of
this report.
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PREFACE

This report is the result of several years of research sponsored by the FAA
directed toward the improvement and standardization of aircraft alerting
systems. This present study was conducted as a joint effort by the three
major U.S.A. manufacturers of commercial transport aircraft: Boeing,
Lockheed, and McDonnell Douglas. The primary purpose of this volume of the
report is to provide a set of guidelines for the design of future alerting
systems. The objective of the guidelines is not to define 2 single hardware
design that each manufacturer must use, but rather to define functional
criteria that can be used to design effective alerting systems and to promote
standardization within the industry.

The authors want to express appreciation to the many pilots from the three
aircraft companies and from Continental, Western, American, United, TWA,
Eastern, Northwest Orient, and SAS Airlines who participated in this project.
Also, the experience and guidance of Wayne Smith, the Boeing Program Manager,
was of great value, as were the contributions of Dr. Richard Gabriel, Don
Stanley, and Art Torosian of Douglas, and Ralph Cokeley, Les Susser and Chuck
Mercer of Lockheed. The efforts of Russell White in the preparation of the
simulator and his help in conducting the tests are also appreciated. The
contract sponsor is the Federal Aviation Administration, and technical
guidance was provided by John Hendrickson, ARD 340, the contract monitor.
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1.0 INTRODUCTION AND SUMMARY

1.1 PROGRAM HISTORY

The guidelines contained in this document represent the culmination of several
years of research sponsored by the FAA and directed toward the improvement and
standardization of flight deck alerting systems. Table 1.1-1 1ists the pre-
vious contract, consisting of three studies, that led to the present effort.
That effort began in 1973 with a study of concepts for an independent altitude
monitor. The goals of the study were to identify the causes for inadvertent
terrain impact alerts, and methods for reducing them. The second study, an
extension of the first, investigated operational philosophies for implementing
an effective and reliable alerting system. This led to the third study which
investigated présent day alerting methods used on commercial transports. The
objectives of the third study were to:

Table 1.1-1. Previous Alerting System Contracts—Contract DOT-FA73WA-3233

Title Development of an Independent altitude Coliation and analysis
independent altitude monitor alert methods of aircraft alerting
monitor concept and modes study systems data
(FAA-RD-73-168) (FAA-RD-75-86) (FAA-RD-76-222)

Objectives | identify nature of typical Develop operational alert Tabulate current alerting methods
inadvertent terrain impact philosophy and concepts and requirements for all cockpit
accident scenarios alerting functions

Demonstrate anc refine

. . . Devel ioritizi
ldentify techniques whereby selected independent evelop method for prioritizing

alerting functions

inadvertent terrain impact altitude monivor alerting L .
accidents might be reduced methods Prioritize alerting functions

. . Correlate requirements with
Identify functional elements Develop independent prioritized functions and note
of an independent altitude altitude monitor conflicts
monitor conce implem i A

ncept implementation plan Broaden stimuli response data base

Identify methods of Define tests for acquiring stimuli
implementing independent response data not available in
monitor systems literature but required for

designing alerting systems

Provide recommendations for
standardization of alerting
functions and methods

February 1973 to

Period September 1973 June 1974 to July 1975 January 1976 to May 1877

ke , VUL SN 37 ST SOV
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o Investigata the type of alerting signals used on the riight
decks of commercial transports.

4
i
|
|
4
|
I
i
|
|
[
1

o ks Lo e sn ae _MJ

) Identify and evaluate the factors that affect pilot detection
4 and response time to alerting signals

[ Identify inconsistencies/problems with present day alarting
systems

RCANPSRIE N PRI 1Y

) Define tests for acquiring pilot stimulus-response data, not
available in the 1iterature, but required for designing a safe,
reliable and effective aircraft alerting system

e 3 et sy oo,

o Formulate preliminary design guidelines for maximizing the %
effectiveness of alerting systems

The major findings of tre third study were: y

) There had been a significant increase in the number of alerting
signals being used on newer commercial transports. For example,
in going from the B-707 to the B-747, the number of alerting

1 signals increased from 188 to 455, or 142 percent. The increase

ﬁ from the DC-8 to DC-10 was from 172 to 418, or 143 percent

(Veitengruber, Boucek, and Smith, 1977). Figure 1.1-1 shows the

F number of warning, caution and advisory alerts as a function of

aircraft type.

S il It S

) Very little standardization had been used by the airframe
manufacturers in implementing alerting system elements. Not
only were there vast differences between airframe manufacturers,
but individual manufacturers were inconsistent in the
application of alerting signals within their airplanes. Table
1.1-2 provides some examplies of this inconsistency.

© e e T e

For these two reasons, proliferation of alerts, and the lack of
standardization, airline pilots began to view alerting systems as a nuisance
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rather than a help. Cooper (1977) stated that "caution and warning systems
were originally installed as a reasonable means of assisting pilots to
maintain safe, reliable, economical system operation in the face of high
workloads. However, these systems, intended to reduce hazards, are themselves
becoming hazards. The vast increase in the number of alerts and the frequent
occurrence of false or nuisance alerts impose heavy demands on the aircrew.
More alerts require more memorization, higher workloads, and could induce a
higher probability of error."

The identification of these problems in current day alerting systems led to
the present study, conducted under Contract DOT-FA79WA-4268 in three phases
(see Table 1.1-3). It was performed as a joint effort by the Boeing, Lockheed
and McDonnell Douglas Aircraft Companies. The first phase consisted of
identifying and evaluating alerting system components that could alleviate
current alerting system problems, and of combining the individual components
(e.g., master visual and aural alerts, visual information display, verbal
messages) into candidate alerting concepts for subsequent test and evaluation.
The second phase consisted of developing a detailed test plan for evaluating

Table 1.1-3. Aircraft Alerting Systems Standardization Study (DOT-FA79WA-4268)

Phase | Phase || Phas: I
Title Define prototype alerting Test planning for proto- Evaluate prototype
system concepts type alerting system alerting system concepts

concept evaluations

@ Acquire missing stimuli ©® Select simulation ® Develop brassboard
response data via appro- facility hardware for selected
priate simulator tests alerting system concepts

@ Define alerting system ® Develop test plan
concepts . ® Perform comparative

® Assess physical character ® Coordinate test plan simulator evaluation of

iectiv - with FAA ected
Objective istics of each concept sel concepts

@ Assess implementation feasi- @ Finalize design guide-
bility of each concept lines for standardized

® Select alerting system con- slerting system

cepts for comparative o
evaluation ©® Assess certification impact




Table 1.14. Aircraft Al'ertin, System Study Program Ground Rules

® Thres study techniques to provide data

¢ Experimental testing—quantifiable variabies applied to spacific dependent variables
to be tested to provide objective and quantifiable data to answer system questions;
i.e., what effect do the signal formats have on crew response time?

® Analytical—data obtained from pertinent literature or studies of system questions;
i.e., defining an appropriate number of lines for the central display

@ Subjective—that data not conducive to gathering and analyzing subjective responses
of experienced pilots on system questions; i.e., the need for stereotypical aurals or
the best way to implement cancsl/recall logic; this study method also to be used
with the other two methods

® Controls and test conditions should be similar if tests are carried out at several locations
® Experienced transport pilots—to be used as subjects for experimental and subjective testing

@ Guidelines document tc. contain—
® Design objectives
® Miz:mum pertormance standards
® Methods and procedures for davelopment and evaluation

the candidate concepts. In the third phase, a number of 1ine-qualified pilots
exercised systems reflecting these candidate concepts in a fixed-based
simulator. The results of this effort were combined with the data obtained
from all previous relevant studies to develop the design guidelines contained
in this report. The ground rules established for the present study

are shown in Table 1.1-4, and the major assumptions about system design that
were used in developing the alerting system guidelines are contained in Table
1.1-5.

1.2 PURPOSE

The purpose of this document is to provide a set of guidelines for the design
of future aircraft alerting systems. Thase guidelines are directed toward the
next generation of commercial transports which are anticipated to have all-
electronic flight decks. The objective of the guidelines is not to define a
single hardware design that each manufacturer must use, but rather to provide
functional design criteria that can be used to develop effective alerting
systems, and to promote standardization within the industry. Guidelines are

b kit uelhad 1 mmir.
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1 Table 1.1-5. System Assumptions for Aircraft Alerting Systems Standardization Study

® No nonverbel surs! slerting system with different alerts for each condition or alert {lsrge number of aurals)
@ No incandescent light or fixed-legend display for primary central display unit

] @ Secondary subsysiem indicators will be reflected on the central display
] & Dusi-<channe! auditory and visual presentation tor some if not all alerts
E ® Primary visusl system will be programmable; subsystem indication may be fixer.

® Auditory systern voice components
@ Auditory systern tone components
® System direction toward an olectronic flight deck
@ Form of prioritization implemented
©® Form of automated inhibition needed; 8.g., don’t use voice when it might conflight with ATC communications
b ® Computing capebility (smart system) to handle prioritization, inhibit, and other system lcgic
# Design for the quiet, dark cockpit
® May want sormne alerts to bypass computer for backup in » failure mode
@ Central display primarily alphanumeric but may have graphic or symbolic capabilities
& Automatic indication clesring when fault or alert condition no longer exists
; ® Best available speech-generation equipment
® System based on four condition levels; i.e., ARP450D:
® Warning
e Caution
® Advisory
¢ information
©® Cantral display with color capability
@ Capability of readily sccommodating all present and future alerting functions; e.g.. BCAS, GPWS
® Basic functions to include—
® Alert (attention getting)
@ Inform {identify the problem)
& Guide crew action
& Provide teedback
@ includes interactive capabilities
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presented for the design of individual alerting systew components, and for

{ methods of combining them to optimize crew performance and minimizc the rnumber
3 of missed alerts.

The guidelines contained in this document have been substantiated by empir-

ical, analytical, and pilot preference data. Where sufficient data does not ;!
i exist to support a definitive statement, the alerting system components are ?ﬁ
] defined and suggestions are provided for obtaining the required data.

These general objectives should serve to guide the design of aircraft alerting
3 systems:

° REDUCE THE OVERALL NUMBER OF DISCRETE VISUAL AND AURAL ALERTS

° CONFORM TO A QUIET DARK FLIGHT DECK WHEN ALL SYSTEMS ARE
OPERATING NORMALLY

° REDUCE THE DEMANDS ON CREW INFORMATION PROCESSING AND MEMORY
REQUIREMENTS

T T

® MINIMIZE THE TIME REQUIRED FOR THE FLIGHT CREW TO DETECT AND
ASSESS FAILURE CONDITIONS, AND TO INITIATE CORRECTIVE ACTIONS

im0 sl

° MINIMIZE THE DISTRACTING EFFECTS OF THE AL:RTING SYSTEM ON OTHER

1 FLIGHT CREW TASKS (e.g., AIRCRA* T CONTRUL, CREW-ATC COMMUNICA-
] TIONS)

o

o FACILITATE ALERTING SYSTEM STANDARDIZATION BETWEEN AIRFRAME MANU-
FACTURERS, AIRCRAFT TYPES AND COMMERCIAL AIRLIiNE OPERATORS

o [ PROVIDE FOR ALERTING SYSTEM GROWTH CAPABILITY IN A FORM THAT ]
: DOES NOT NECESSITATE ADDITIONAL SYSTEM COMPONENTS




1.3 SUMMARY

o
i

This section summarizes the guidelines for the desian of aircraft alertirg !
systems. ]

1.3.1 GENERAL ALERTING SYSTEMS GUIDELINES

[ The primary functions of an alerting system should include the
following: attract the attention of the flight crew and direct
it to the information display so that appropriate action can be
taken; inform the flight crew as to the urgency of the alert;
provide information to the crew as to the adequacy of their

f corrective actions; and to provide control over the alerting

i system to enable the crew to monitor the status of the aircraft,

i

PO T

and to store and recall existing alerts.

[ ) The alerting requirements in the flight deck should be handled
by & single, well deined, dedicatea system. The alerting
system compounents should be functionally related, and have a
cOmMOR purpose.

e kbt sl kbt
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° The alerting system should provide unique combinatinns of com- R
ponents to inform the aircrew of the urgency level of the
3 alerting situation (i.e., warnings, cautions or advisories).

® The lerting sysctem design should be flexible enough to be able
to accommodate new alerts in a manner that does not require

Rkt oo

additional discrete annunciators.

° Tha alerting systew should be highly reliable. It should
be activated ornly when an alerting situation exists; it should
not be activated when one does not exist.

® The comporents of an alerting system should include master
alerts (visual and aural), a visual information display, a voice E
information display, and a time-critical display. ‘
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1.3.2 MASTER VISUAL ALERT GUIDELINES

Purpcse - Master visual alerts should be used to attract the
attention of the crew an¢ to provide preliminary information
ahout alert urgency level.

Number - Two master visual alerts should be provided, one for
warnings and one for cautions.

Location - Master visual alerts should be located within fifteen
degrees of each pilot's centeriine of vision (head up and head
down) and within reach when the pilots are seated in line with
their eye reference points.

Duration/Cancellation - The onset of the master visual alert
should occur simultaneously with the onset of the master aural
alert, and within 0.5 second affer aircraft sensors detect the
alerting situation. The master visual alert should remain on
until it is cancelled by a pilot (either by depressing the
master visual alert switch or by activating the optional voice
message), or cancelled automatically when the problem has been
corrected. Upon cancellation the master visual and aural alerts

should be reset to be able to annunciate new alerting situations.

Brightness - Master visual alerts should be bright enough to
attract crew attention. The range of bhrightness should provide
sufficient contrast for both high and low ambient 1ight condi-
tions. Their brightness should be adjusted automatically as
ambient light conditions inside the flight station change, how-
ever they should never be able to be dimmed below 15 + 3 ft-L.

Displey Size and Character Dimensions - The master visual alerts
should subtend at least one square degree of visual angle. All
characters should be upper case and at least fourteen arc
minutes high, with a height-to-width ratio of 5:3, a stroke
width 1:6 to 1:10 of the height, and with between-character

10
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spacing 25 to 63 percent of the height. To assure legibility,

character sizes and fonts should be evaluated prior to P

implementation.

Format - The master visual warning and caution alerts should be
red and amber, respectively. A steady indication should be used
instead of flashing. The master visual legends should be opaque
with translucent backgrounds, and implementation should minimize
the probability of thinking that the alert is on when it is not.

Test Requirements - Provisions should be made to check the opera-
tional status of the master visual alerts.

Reliability - The reliability of the master visual alerts should

be high to minimize or eliminate undetected, false, or nuisance
alerts.

Miscellaneous - Accepted himan factors guidelines recommend that
cancellation of a master visual alert should occur when the face
of the master alert switch-indicator is depressed a distance of
at least 0.115 inch. The required actuation force should be 3.5
1bs. + 1.5 1bs. The master alerts, both visual and aural, and
the accompanying voice message, should be deactivated and reset
when the master visual alert is cancelled. Switch face tempera-
tures should not exceed 109°F at a .mbient temperature of 77%.
The technology used to accomplish the visual alerting function
should be Teft to the airframe manufacturer as long as the
quidelines in this section are satisfied.

1.3.3 VISUAL INFORMATION DISPLAY GUIDELINES

Purpose - The display provides a single location for the presen-
tation of all warning, caution, and advisory messages. It pre-
sents a concise alphanumeric message for each alerting situa-
tion, information about alert urgency level, and provide
feedback to the crew when faults are corrected.

n
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Location-Number - The number of displays should be determined by
a combination of operational and reliability criteria. The
location of the visual information display and its viewing angle
should not degrade readability. If interactive functions are
included with the display they should be within reach of the
pilot(s) using them.

Message Format

Syntax - Alert messages should generally contain three elements:
the general heading of the alert, the specific subsystem or loca-
tion, and the nature of the problem (e.g. ENGINE NO. 1 FIRE).

Prioritization - Alerts should be grouped by urgency level and
listed chronologically within each category. Warnings should be
presented at the top of the display, with cautions and advisor-
ies listed below. Tre most recent alert should be listed at the
top of its own category.

Overflow - A combination of overfiow and paging should be used
when the number of current alerts exceeds the capacity of the
display. The bottom alert (oldest and least important) should
be displaced when a newer/higher priority alarting situation
occurs. The displaced alert should be stored in memory. A
paging capability should be provided to recall alerts so stored.

Color Codiny - To provide a unique and easily distinguishable
coding method for all three alerting categories, a third color
in addition to red (warnings) and amber (cautions) should be
used to represent advisory level alerts.

Cues and Aids - An indication should be provided to aid the crew
in identifying/locating new alerts. The indication should be
color coded to correspond to the alert urgency level. An over-
flow indicator should be presented to inform the crew that the
number of active alerts has exceeded the display capacity; and a

12
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page number indicator should be used to inform the crew that
additional alerts are stored in overflow memory.

[ ) Brightness - The display should be bright enough to he eastily j
readable from the pilot's eye reference point in all ambient ‘
light conditions. Its brightness should be adjusted automati-
cally as the flight station lighting conditions change. A
manual contrnl should be provided to enable the pilot to adjust
the display contrast.

o isplay Size - Specific aircraft design characteristics should
determine the minimum number of alert lines to be displayed,
taking into account the need to have characters large enough to
be legible to the pilots when seated in their normal flight
positions. The display should be wide encuygh so that any alert
message will fit on one 1ine.

[ Character Dimensions - The alphanumeric character dimensions
should be selected for speed and accurac, of interpretation.
Literature suggests that all characters should be upper case,
with a height-to-width ratio of 2:1, a stroke width of 1:6 to
1:10 of the height, and with a between-character spacing of 25
to 63 percent of the height. Graphic symbols should be at least
20 arc minutes. Character dimensions and fonts should be

i evaluated prior to their implementation to assure their

f legibility.

o Display Type - The presentation medium used for the visual
information display should be left to the discretion of the
airframe manufacturer. However, the display must be able to
meet/exceed the guidelines listed in this section.

) Reliability - In the event of a failure of the visual :

information display the failure should be annunciated elsewhere ;
in the pilot's primary or secondary field of view.

13
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o Test Requirements - The capability to test all display charac-
3 ters and functions should be provided.
; 1.3.4 TIME-CRITICAL DISPLAY GUIDELINES

) Purpose - A separate display should be provided to enable the
crew to detect and respond to time-critical warnings accuratel
and rapidly.

) Location-Number - The time-critical display should be located in
the pilot's primary field of view (within 15° of the center line
of vision). A separate display should be provided for each
pilot.

) Format
Information Content - The display should provide the crew with
guidance information to direct ~orrective actions.

: Presentation Media - The primary information should be presented
E graphically.
Color Coding - The display should be color coded to facilitate
crew action.
Cancellation - The display should cancel/erase automatically
when the appropriate crew action has been taken, or when the
, alerting situation no longer exists.
'Z

) Disnlay Size - The time-critical display should subtend at least
two degrees of visual angle.

[ ) Reliability

Sysiuid Reliability - The time-critical display and associated
system components should be highly reliable. Tne dispiay should

14
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be actuated whenever a time-critical alerting situation exists,
and never when one does not exist.

Redundancy - Sufficient redundancy should be provided to enable
the flight crew to respond to time-critical warnings expediently
and accurately in the event of a single display failure.

1.3.5 MASTER AURAL ALERT GUIDELINES

Purpose - Master aural alerts should be used t¢c alert the crew
to impending or existing conditions that require their atten-
tion, and to advise them of the alert urgency level.

Number - The number of flight deck alerting sounds should be
limited to three, one for each urgency level (i.e, warning, cau-
tion and advisory). Each sound should differ from the others in
more than one dimension (e.g., frequency, duration), and the
sounds should be selected to reflect their alert urgency level.

Frequency - The frequency of aural alerting signals should be
between 250 and 4000 Hz. High-urgency signals should be compos-
ed of at least two different frequencies spaced widely apart,
and to minimize masking, the alerting signal frequencies should
differ from those that dominate background noise.

Intensity - Aural signals should exceed masked threshold by 8+3
dB, and an automatic gain control should be used to maintain
this signal-to-noise ratio.

Signal Duration and Signal-Message Onset Coordination - Signal
duration should vary depending upon the alert urgency level,
For time-critical warnings, the signal should be approximately
0.75 second in duration, and should be followed by the
corresponding voice message. For other warnings, the signal
should be continued until a pilot initiates the optional voice
message, or otherwise cancels the signal. For cautions and

15
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advisories, the signals should last 1.2 to 2.0 seconds, and 0.6
to 0.8 second, respectively. The off time between the aural
signal and the voice message should be at least 0.15 second, and
not more than 0.5 second.

Sound Source Location - Dichotic methods of presentation,
presenting the signal to both ears, should be used for aural
alerts. If a single earphone is used, it should be worn on the
deminant ear, and the alerting signals should be perceptually
separated from competing sound sources by at least 90 degrees,

Cancellation - For time-critical warnings, the aierting signal
should be followed by the continued annunciation of the appro-
priate voice message until the alert is cancelled manually, or
until the problem is corrected. For other warnings, the alert-
ing signal should continue until it is cancelled manually by a
pilot, or automatically when the problem is corrected. For cau-
tions, the signal should be annunciated once for its set dura-
tion and stop. If the pilots do not acknowledge the signal
after 10 seconds it should be repeated. This sequence should
continue until some acknowledgment is made. For advisories, a
single alert signal -hould be presented, and it should cancel
automatically.

1.3.6 VOICE INFORMATION DISPLAY GUIDELINES

Purpose - Voice messages should be used when the crew must act
rapidly, and to enable the pilots to transfer workload from the
visual channel to the auditory channel.

Speech Generating Technique - State-of-the-art speech generating
techniques should be used, and empirical testing should be used
to assess the intelligibility of voice messages prior to their
implementation in a flight deck.

16
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Yoice Characteristics - Empirical testing should be used to
select voice characteristics that are highly distinctive and
intelligible.

Voice Inflection - Voice messages should be presented with a
monotone inflection.

Intensity - Voice messages should be presented at an intensity
Tevel that is 8+3 dB above the ambient noise level. An | |
automatic gain control should be used to maintain the desired
intensity level.

Location - Dichotic methods of presentation should be used for
voice messages. If a single earphone is used, it should be worn
on the pilot's dominant ear, and the alert message should be
perceptually separated from competing sound sources (e.g., air
traffic control) by at least 90 degrees.

Onset Ccordination - The off time between the alerting signal
and the voice message should be at least 0.15 second, and not
more than 0.5 second. For time-critical warnings, the alerting
signal plus the essential elements of the voice message should
be conveyed within 2.5 seconds.

Message Content, Format, and Syntax - For time-critical warn-
ings, voice messages should provide guidance information. For
the remainder of warnings and cautions, the voice messages

should provide status information. Voice messages should be
constructed of short phrases that clearly identify the problen
or action to be taken. Voice messages for time-critical warn-
ings should contain two elements (action and direction, "PULL
UP"). Voice messages for other warnings and cautions should con-
tain three elements (general heading, subsystem or location, and
nature of the problem, "ENGINE 1 FIRE").

17
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o Accommodation of Multiple Voice Messages - When feasible, a
prioritization scheme should be used to enable the alerting :
system to present multiple voice messages in order of critical- a
ity. In the absence of a suitable prioritization scheme, multi- "
ple voice messages should be accommodated as follows:

® Time-critical warnings should always be presented before !
lower priority alerts.

. ® Wnen two or more time-critical warnings occur simultane-
ously, or in cluse succession, they should be presentad
in chronological order, with one full annunciation ¥
each message.

L e s o vl ke i e . i WL | i a1 e

In multiple failure situations for other warnings and cautions,
the urgency level should be used as the criterion for
determining which voice message should be presented, for
example, warnings should take precedence over cautions. The
voice message, "MULTIPLE ALERTS" should be presented when: (1)
two or more warnings occur simultaneously, or in close succes-

3 sion, and, (2) two or more cautions occur simultaneously, and no
{ higher priority alerts have occurred.

gt T A
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ﬁ ® Message Cancellation - Time-critical voice messages should be

} able to be cancelled manually, or automatically when the alert-
ing situation no longer exists. Elective voice messages (warn-
ings and cautions) should cancel automatically after one annunci-

ation. Subsequent activations of the voice message should also
cancel after one presentation. .

o 1.3.7 CREW OPTION AND CONTROL GUIDELINES ;

[EpPSRORE—

® Alert Prioritization - A prioritization scheme should be incor-
porated in the alerting system. The scheme should be flight
phase adaptive. Prior to implementation the feasibility of the
prioritization scheme should be demonstrated in terms of a prior-

18




itization data base, and aircraft configuration variations and
exceptions should be considered in tailoring a scheme to a speci-
fic aircraft. As a minimum, alerts should be prioritized by
urgency level.

o Inhibit Logic - Inhibit logic should be incorporated in the
alerting system. The inhibit scheme should be flight phase adap-
tive, i.e., components of non-critical alerts should be
inhibited during critical phases of flight and during multiple
failure situations. Finally, a specific methodology for
applying inhibit logic should be evaluated prior to its
impiementation.

) Store and Recall - A capability should be provided to enable the
crew to store and recall caution and advisory level alerts.
Both selective and total store and recall capabilities should be
provided, and the visual information display should provide an
indication of the number and type of alert messages that are in
memory .

® Additional Alerting System Features - A 1ine address capability
should be provided to allow the crew to select specific fault
messages. A paging function should be provided to enable the
crew to access stored fault messages.

1.3.8 TACTILE SIGNAL GUIDELINES

Tactile signals are not recommended because of their possible disruptive
effects. The exception to this recommendation is where this type of signal is
currently being used, e.g., stick shaker. If they are to be used, they should
be of such amplitude as to be detected by the part of the body being
stimulated, and should be delivered by an apparatus that will always be in
contact with the body.

19
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1.4 REPORT ORGANIZATION

General alerting system design guidelines are contained in Section 2 of this

report. Sections 3, 4, and 5 present guidelines for the design of the visual,
and aural components and crew option and control features of the aircraft

alerting system, respectively. Section 6 describes the certification impact
of implementing these guidelines.
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2.0 GENERAL SYSTEM GUIDELINES

The guidelines presented in thic section are general and apply to the overal)
design of an 2lerting system. A summary of the design guidelines for thie
section is provided below; the guicelines are discussed in more detail in the
following paragraphs.

® The primary functions of an alerting system are to: attract the
attention of the flight crew and direct it to the information
display so that appropriate action can be taken; inform the
flight crew as to the urgency of the alert; provide information
to enable the flight crew to determine the adequacy of their
corrective actions; and to provide control over the alerting
system to enable the crew to monitor the present status of the
aircraft, and to store and recall existing alerts.

® An alerting system should consist of master alerts (visual and
aural), a visual information display, a voice information
display, and a time-critical dispiay.

) The alerting system should be treated as a system. Its compon-
ents should be functionally related, and have a common purpose.

) The alerting system should provide unique combinations of compon-
ents to attract the attention of the aircrew and inform them of

the level of urgency of the alerting situation (i.e., warnings,
cautions and advisories).

° The alerting system design should be flexible enough to accommo-

date new alerts without requiring additional discrete
annunciators.

) The alerting system should be highly reliable. It should be

activated whenever an alerting situation exists; and never when
one does not exist.

21




2.1 ALERTING SYSTEM FUNCTIONS

The basic functions of an alerting system are to:

® Attract the attention of the crew and direct that attention to
the alerting condition so that corrective action can be taken.

; ® Inform the flight crew of the 1~cation and nature of the alert-
1 ing condition. Sufficient information should be provided to
enable the crew to initiate timely, corrective action.

ey et gt g

° Provide the crew with a mechanism(s) to control the system to _
enable them to assess aircraft status quickly, to identify new |
alerts, and to store/recall alerts.

‘ The need for each of these functions was identified by Cooper (1977), Boucek, §
é Erickson, Berson, Hanson, Leffler, and Po-Chedley (1980), and in ARP-450D ;3
! (1979). The manner in which these basic functions are implemer.ited will ‘
E determine the effectiveness of the alerting system. ARD 450D (1980) states

that "safety of flight is greatly enhanced by an alerting system designed to

provide early crew recognition of flight crew operational error, as well as

, aircraft system or component status or malfunctions". For example, the system
F should attract %ne crew's attention to an alerting situation, but should not i
i be so disruptive that it degrades other crew task performance, information :
processing, or the decision-making required to take corrective actions. The i

guidelines for designing these basic functions are described in the following i
paragraphs. .

i . Ak, e Pt

2.2 ALERTING SYSTFE:M COMPONENTS

To accomplish the functions described above, the following components should i
be provided: ?

o Master Visual Alerts - Required to attract the crew's attention
to situations requiring immediate crew awareness, and to provide ]
a preliminary indication of alert urgency level.
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® Master Aural Alerts - Provides a redundant means of attracting
the crew's attention, and a preliminary indication of alert urg-
ency level.

) Visual Information Display - Provides a single location for the
alphanumeric annunciation of all alerts. Presents the aircrew
with data on the location and nature of the alerting situation.

) Voice Information Display - Provides a means for informing the
crew of the location and nature of the problem.

® Time-Critical Display - Provides the crew with information
concerning the nature of the problem to guide the corrective
action in situations requiring an unconditionally immediate crew
response examples of such situations include collision
avoidance, ground proximity.

Sufficient redundancy should be provided for these components and their
functions to assure that the objectives of the alerting system are met.

2.3 ALERTING SYSTEM INTEGRATION

One of the fundamental problems of past crew alerting is that there was no
standardized alerting systems approach. The lack of a systems approach has
led to the proliferation of alerts and the scattering of alerting devices
throughout the flight station. As aircraft and their associated systems have
become more sophisticated, new alerts and alerting devices have been added,
with little regard to integrating them with other alerting system components
already in the flight station (Cooper, 1977). To alleviate this condition,
the presentation of all alerting signals should be accomplished through a
single, integrated a1erti§g system.

For example, the onset of the master visual alert should occur simultaneously
with the onset of the master aural alert. Similarly, the voice information
message should be identical to the alphanumeric message presented on the
visual information display. The master visual, master aural, and voice infor-
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mation display should all be cancellable by pilot action, or should cancel
automatically when the alerting situation no longer exists. The message on
the visual information display should be cleared automatically when the prob-
lem is corrected. However, the message should be stored by the alerting
system computer for post-flight maintenance analysis.

In addition, logic should be incorporated to ensure that the alerting system
components are coordinated and provide the proper alert prasentation format
for each alert urgency level. Table 2.3-1 shows the recommerded alerting
system logic for single and multiple alerts. As can be seen, all alerts
should be annunciated when they occur. For example, if a warning and caution
alert occur simultaneously, both master visual and aural alerts shculd be
presented, and both alerts should be shown on the visual information uisplay.
In this case, activation of the voice message selector should cause the
highest level alert (i.e., warning) to be delivered. If two alerts of the
same urgency level are sensed at the same time, the message "MULTIPLE ALERTS"
should be presented when the operator activates the voice message. The
message "MULTIPLE ALERTS" informs the pilnt that more than one alert has been

sensed and to consult the visual information display to assess aircraft status.

The occurrence and display of a time-critical warning inhibits the real time
presentation of all other alerts. Since time-critical alerting situations
require a rapid response to avoid a potentiality hazardous condition, all
other alerting situations (other than another time-critical alert) should be
inhibited until the time-critical situation has been rectified.

2.4 ALERTING SYSTEM CATEGORIZATION

The results of two surveys (Cooper, 1977. and Veitengruber, et al., 1977)
indicate that a unique audio, visual, or combination of audio-visuai methods
should be associated with each alert category to provide rapid definition of
the criticality/urgency of an alerting situation. Most researchers agree that
a four-level system should be used to denote the urgency of aircraft alerts.
These four urgency levels are defined as operational or aircraft systems
conditions which require:

WARNING - immediate corrective or compensatory crew action
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CAUTION - immediate crew awareness, and subsequent crew action
ADVISORY - crew awareness, and may require subsequent or future
crew action

INFORMATION - flight deck indication, but not necessarily as part of
the integrated alerting system.

Since the information level alert is generaily not considered as part of the
integrated alerting system, it was not included in the present study. How-
ever, a distinct class of warning alerts was identified. These alerts, called
time-critical warnings, are defined as alerts that require an unconditionally
immediate corrective or compensatory crew action. For these alerts,
insufficiant time may be available to elicit crew detection and response in
time to aveid a potertially hazardous condition through the use of alerting
system componants prescribed for other warnings (Parks, 1979). For this
reason, time-critical warnings were identified and a unique presentation
format was designed to provide the crew with guidance information to
facilitate their response to these alerts.

Veitengruber (1977), ARP 450D (1980), Boucek, et al., (1980) and the present
study all used a hierarchical approach in associating alerting system
components with urgency level; the higher the level of urgency, the more
alerting system components utilized to assure that the aircrew detects and
responds to the alert in a manner appropriate for the alerting situation. In
these studies, various aural and visual alerting system components were
combined to identify those thac produced the best crew performance (i.e.,
shorter detection and response times, and fewer missed alerts). Table 2.4-1
presents a summary of the guidelines for combination of alerting system
components for standardizing alerting functions and methods.

2.4.1 ADVISORY ALERTS

The alerting and informing functions for advisories should be accomplished by
an aural alert and a message on the visual information display, respectively.
The aural alert attracts the crew's attention providing preliminary urgency
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Table 2.4-i. Alerting System Categurization

) Alert system characteristics
Condition Criteria
Visual Aural Tactile
Warning Emergency operetional or sircraft Master visual (red) Unique Stick
system conditions that require plus centrally located | attention- shaker
immediate corrective or compensatory | alphanumeric getting (if
crew action readout (red) warning required)
sound
plus voice*
Cautior Abnormal operationai or aircraft Master visual {amber) | Unigue None
system conditions that require plus centrally located | attention-
immediate crew awareness and require | alphanumeric getting
prompt corrective or compensatory readout caution
crew action (amber) sound
plus voice*
Advisory Operational or aircraft system condi- Centrally located Unique None
tions that require crew awareness alphanumeric attention-
and may require crew action readout getting
{unique color) advisory
sound
Information Operational or aircraft system Discrete indication None Non=
] conditions that require cockpit (areen and white}
indicaticns, but not necessarily as
3 part of the integrated warning system

*Voice is pilot selectable.

and color code (blue) were identified.
Boucek, et al., (1980) presented current line pilots with a series of alerting
sounds, ranging from a mechanical bell to a high chime, and asked them to
evaluate the urgency level of the sounds.
frequency, single-stroke sounds were most often classified as representing
advisory alerts (see Table 2.4.1-1).
intermittent/wavering, and which contained both low and hign frequency
components were categorized as warninygs. Cautions were most often associated

with steady state midrange frequency sounds.

2t
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information, and the message presented on the visual information display gives
them the nature and location of the alerting situation.
identification of advisory alerts, a unique aural sound (single stroke chime)

To aid in the

To identify a unique advisory sound,

The results indicated that low

On the other hand, sounds that were

To facilitate the identification of advisory level information on the visual
information display, several researchers (Cooper, 1977 and Veitengruber, 1978)
have advocated a third color in addition to red (warnings) and amber
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Table 2.4.1-1. Summary of Pilot Judgment of Selected
Alerting Sounds

Priority level assigned (% of 28 pilots)
Alerting tone Warning Caution rAdvisory

Mechanical bell 100.0 - -

High wailer 92,0 35 35
Electronic bell 82.1 14,2 3.5
Low wailer 67.9 28.6 3.5
Clacker 60.7 35.7 3.5
Low C-chord 7.1 57.1 35.7
High horn 3.5 60.7 36.7
Low buzzer 35 46.4 50.0
High C-chord - 35.7 64.3
Low chime - 21.0 78.6
Low horn - 25.0 75.0
High chime - 7.1 92.8

® Criteria for assigning sounds to priority levels

Warning: Emergency operational or aircraft system conditions that require immediate
corrective or compensatory action by the crew.

Caution: Abnormal operational or aircraft system conditions that require immediate
crew awareness and subsequent corrective or compensatory crew action,

Advisory: Operational or aircraft system conditions that require crew awareness and
may require crew action.

(cautions). Boucek, et al., (1980) solicited pilots' opinions on whether a
third cclor was needed. A1l pilots surveyed preferred the use of a third
color over positional cues especially when alerts were displayed in order of
alert urgency level (i.e., warnings listed on top of the visual information
display, cautions in the middle, and advisories below cautions).

Pilot performance and preference data was also obtained by Boucek, et al.,
(1980) to determine whether a master visual alert or an aural message should
be used for advisory level alerts. Pilot performance data indicated that
significantly more advisories were missed (not detected) when a master visual
alert was not used. However, this effect was reduced significantly when a box
was put around the most recent alert to indicate new alerts on the visual
information display. Pilot preference data indicated that the combination of
a master aural alert and a box on the visual information display was adequate

29
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to satisfy the advisory alerting and informing functions. They stated that
the master visual alerts and voice messages should only be used to denote sit-
uations requiring immediate crew awareness. For these reasons, a mast. r
visual alert and a voice message are not required for advisory level a erts.

2.4.2 CAUTION ALERTS

The alerting system components used to accomplish the alerting and informing
functions for cautions should include:

Master Visual and Aural Alerts - These provide a dual channel
presentation to attract the attention of the crew as well as to
provide preliminary urgency level information. Redundant
alerting methods should be used to minimize the probability of
missed aTerts, and to reduce detection times. There is a gen-
eral consensus that bimodal presentations of alerting situations
are better than single mode presentations (Hammer, 1958; Adams
and Chambers, 1962; Bate, 1969; and MIL-STD-1472B, 1978).

Visual Information Display - The visual information display
should be used to display all alerts included in tk~ alerting
system (i.e, warnings, cautiqns, and advisories).

Yoice Information Display - A voice informatiorn display (i.e.,
verbal messages) should be used as a redundant channel t¢
provide the same information as the visual display. However,
due to the possibility of the voice message interfering with
other communicatiouns in the flight station (e.g., ATC, crew
intercommunications), the pilot should be provided with control
over the onset of the voice message (Boucek, et ai., 1980).
This selection capability would allow the crew to get the voice
messages in those cases where they have a high visual workload
(e.g., takeoffs, landings), and not to get it while they are
receiving other verbal communications,

30
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2.4.3 WARNING ALERTS !

A1l of the alerting system components used to attract the attention of the E
crew and to inform them of the criticality, location, and nature of caution
alerts should also be used for warnings. To provide a unique alerting method
for warnings: a red master visual alert should be used, the alphanumeric i
message on the visual information should be red and located above caution and .3
advisory messages, and a distinct master aural sound should be used. The :
selection of the voice information display and its format should be the same
for warnings and cautions.

2.4.4 TIME-CRITICAL WARNINGS

GuE - dembade e RO bt i em peee i 4 et
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The alerting system components used to announce time-critical warnings are the

I LA A o ittt S LA i e iy l e

same as for non-time-critical warnings, except for the use of the %
time-critical display. This display, located in both pilot's primary fields 55
of view, should be used to provide the crew with guidance information which

they can use to respond to the alert. A second exception is the onset of the

R S

voice information display which is automatic rather than a pilot option.

2.5 ALERTING SYSTEM FLEXIBILITY ‘ i
i System flexibility is a highly desirable feature, especially in an environment
4 offering improved safety and reduced operating costs become available, the

alerting system must be capable of quickly and easily supporting the needs of
these systems for crew alerting. .

1
]
of rapidly expanding technology. As systems, techniques, and procedures %
]

As in any evolutionary process, original design thresholds, operational

j ? procedures, or presentation techniques ma) be proven inadequate or less desir-
' able when compared with later developments. To take advantage of such
innovations, the design of the alerting system should preferably be designed
to allow future growth and modification with minimal effort.

To prevent the proliferation of alerts, the components of an advanced alerting
system should be able to accommodate all alerting functions, present and
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future (e.g., BCAS, GPWS), without the addition of new discrete aural or
visual alerting components (Veitengruber, et al., 1977). The
atteation-getting fuiction for a1l alerts (present and future) should be
accommodated by the master visual and aural alerts. New master lights and
mascer sounds should not be required. Likewise, the visual and voice
information displays should be programmable and flexible to provide a growth
capability. Each new warning and caution alert should receive a unique
annunciation (message) that will enable the flight crew to easily identify the
criticality, location, and nature of the problem. In addition, if the new
alert is determined to be time-critical, a graphic format should be developed
for presentation on the time-critical display.

2.6 ALERTING SYSTEM RELIABILITY

To promote confidence in the alerting system, it should always be activated
when an alerting situation exists, and never when one does not exist (Cooper,
1977, and Veitengruber, 1978). The alerting system should be designed to
reduce the pilot's workload by presenting information on the status of the
aircraft and the alerting situation. Frequent false or nuisance alarms not
only add to aircrew workload, but also contribute to the pilot's failure to
detect and correctly interpret a real indication.

The reliability of the alerting system has a significant effect on its
operational utility. In a survey of commercial airline pilots (Cooper, 1977)
the pilots stated that "nuisance alerts, whether caused by unreliable systems
or by design error, contribute to a pilot ignoring an indication when it is a
real one". As an example, they considered the altitude alert to be a nuisance
in some cases. They stated "that if a warning sounds too often, pilots may
develop a habit of 'punching it out' without thirking and therefore it can
lose its value".

In general, pilots had high praise for the reliability achieved with present
day avionics systems. However, several ideas were presented for improving
hardwar2 reliability (Cooper, 1977): use dual lamps/displays to provide alert-
ing signal redundancy; provide a system test function so the operation of the
alerting system can be tested either on the ground, or in the air; and to
incorporate built-in test logic to detect sensor malfunctions and broken wires.
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2.7 GENERAL SYSTEM GUIDEL.INES—SUMMARY

In summary, alerting systems should inform the crew of conditions requiring ]
their attention, indicate the criticality, location, and nature of the

E prablem, provide feedback on the adequacy of the aircrew's corrective or
4 compensatory actions, and provide a capability to interact with the alerting
1 System. Master visual and master aural alerts, a visual information display,

and a voice information display should be provided to accompl ish the

% attention-getting and informing functions. A separate display should be

Z provided to give guidance information to enable the pilot to respond quickly
to time-critical situations. The visual Tnformation display should be

i programmable to accommodate new alerts and interactive to enable the crew to
- exert control over the alerting system,

The design of future alerting systems should use a systems approach. The
alerting system should provide unique attention-getting and informing methods
g for each urgency level. The system should be flexible and possess a

§ Capability to accommodate new alerts without requiring additional discrete

: aural or visual annunciators. To be effective the alerting system must be
reliable. The alerting system should always be activated when an alerting
situation exists, and never when one does not. The overall reliability of the
alerting system depends on both the reliability of the hardware, and its
associated logic, and on the performance of the pilots.
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3.0 VISUAL SYSTEM COMPONENTS DESIGN GUIDELINES

This section presents design guidelines for the visual components of an
aircraft alerting system. Guidelines are presented for the three primary
visual components:

) Master Visual Alert
° Visual Information Display
® Time-Critical Warning Display

The primary functions of the master visual alert are to attract the attention
of the flight crew, and to provide a preliminary indication of alert urgency
level. The visual information display provides a centralized locatio: for the
annunciation of all alerts. A time-critical warning display provides
immediate guidance for the pilots to enable them to react quickly and
accurately in situations where time is extremely limited, and where . -action
to the alert is critical.

The use of the visual components of the alerting system are dependent upon the
nature of the alerting situation. The master visual alert for warning should
be activated whenever a warning situation is detected by the aircraft's
sensors; the same principle applies for the visual master caution alert. The
visual information display is used to 1ist all alerts. The time-critical dis-
play should be used only in emergency situations where time is extremely
limited, and the correct action can be specified.

The guidelines for the visual components of an aircraft alerting system are
presented in the following paragraphs.
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3.1 MASTER VISUAL ALERT
3.1.1 PURPOSE

THE MASTER VISUAL ALERT SERVES TWO PRIMARY FUNCTIONS:
° ATTRACT THE ATTENTION OF THE CREW

° PROVIDE PRELIMINARY ALERT URGENCY LEVEL INFORMATION

Siegel and Crain (1960), and Boucek, et al., (1980) have shown that the use of
a master visual alert reduces pilot detection time, as well as the number of
missed alerts. Figure 3.1.1-1 shows a comparison of mean detection times for
warning and caution alerts, with and without the use of a master visual alert.
As can be seen from the figure, mean detection times were significantly
shorter when the master alert was used. Similarly, response times were also
found to be shorter for warnings and cautions when a master visual alert was
used.
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Figure 3.1.1-1. Mean Detection Times for Warnings and Cautions (Combined) With
and Without a Visual Master Alert (Boucek, et al., 1980)
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Boucek, et al., (1980) also found that significantly more alerts were missed
(not detected) by pilots when the alert was not accompanied by a master visual
signal. Figure 3.1.1-2 presents these results. This study also found that
the master visual alert not only served to get the pilot's attention, but
also provided information upon which the pilot could base response decisions.
The urgency level information provided by two master warning and caution

alerts enabled the pilots to respond mor~ quickly to warnings (X = 5.1

3

seconds) than they did for cautions (x = 6.4 seconds). This finding, shown in
Figure 3.1.1-3, was consistent even though the mean detection times for warn-
ings and cautions were not significantly different.

IN SUMMARY, MASTER VISUAL ALERTS SHOULD BE USED TO ATTRACT CREW ATTENTICN, AND
TO PROVIDE THEM WITH INFORMATION ON ALERT URGENCY LEVEL.

ke el s e e s e Bl
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3.1.2 NUMBER

° MASTER VISUAL ALERTS FOR WARNINGS AND FOR CAUTIONS SHOULD BE
PROVIDED

At bt i

tovsed il w1

To satisfy the requirement for immediate crew awareness master visual alerts
should be used for warning and caution alerts. These two alerts, one for
warnings and one for cautions, should be located directly in front of each !
pilot, in their primary field of view. Since advisory events do not require
immediate crew awareness, a master advisory light is not recommended. The
results of the survey of airline pilots reported in Volume 1 of this study
indicated that most pilots preferred to have advisory information contained on
a central visual display rather than by the onset of a master advisory light.
The pilots also indicated that providing a master light for advisories would
tend to reduce the importance of warnings and cautions, since all alerts would
be annunciated in the same manner.

The pilots were further asked whether they preferred separate warning and i
caution master visual alerts, or a single split-legend 1ight with warnings »
annunciated on the top half and cautions on the lower ha f. No st:ong

preference was veiced by the pilots; fifty-six percent of the pilots surveyed
preferred separate master lights. The pilots indicated that they were more

37

S i e J L STV S N




p——

-

10

MISSED ALERTS
3

Legend:

[:] Advisory
Caution
Warning

) ot

=
\
| f g\ ] &

ATTENTION-GETTING DEVICE
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concerned with the size and location of these 1ights than whether they were
separated or combined.

IN CONCLUSION, TWO MASTER VISUAL ALERTS (EITHER SEPARATE OR SPLIT-LEGEND)
SHOULD BE PROVIDED FOR EACH PILOT TO ANNUNCIATE WARNING AND CAUTION LEVEL
ALERTING SITUATIONS.

3.1.3 LOCATION

L MASTER VISUAL ALERTS SHOULD BE LOCATED WITHIN 15 DEGREES OF EACH
PILOT'S CENTERLINE OF VISION, AND WITHIN REACH WHEN THE PILOTS
ARE SEATED IN LINE WITH THEIR EYE REFERENCE POINTS.

The location of visual signals relative to the pilot's centerline of vision
has a significant effect on not only the time to respond to a signal but also
the probability that it will be seen at all. Bou:ek, et al., (1980) found
that response times and error rates were significantly lgwer when master
warning and caution 1ights were located within the pilot-s primary field of
view.

<

A

Military-Standard-411, MIL-STD-1472, and industry design guidelines (Van Cott
and Kinkade, 1972; and McCormick, 1970), define the pilot's centerline of
sight as a vector emanating from the pilot's eye, extending forward and angled
10 degrees below horizontal. Commercial airframe manufacturers have several
definitions of the centerline of sight, all of which differ from the military
definition; the most consistently used is that it is the line between the
pilot's eye reference point and the center of the ADI. Both of these
definitions were used in the recommended guidelines to insure the alerts
attention-getting quality regardless of whether the pilet is head-up or
head-down.

The definitions of primary and secondary field of view also vary. The
military standards define primary field of view as the region within 15
degrees of the centerline of vision and the secondary field of view as the
region between 15 degrees and 30 degrees. Commercial aircraft manufacturers
generally define the primary field of view as a binocular-shaped area covering
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most of the pilot's primary instrument panel containing the ADI, HSI,
airspeed, and altitude indicators, and the secondary field of view as a
binocular-shaped area covering most of the pilot's front panel which contains
the engine instruments and autopilot mode select r-nels.

To enable the pilots to deactivate the master visual and aural alerts the [
master visual switch indicators should be within their reach. Anthropometric 3
data should be used to ensure that all pilots are able to reach the master
alert switch lights from their normal seated position at the eye reference
point. In addition, the master alerts should be located so that the viewing ‘
angle is not greater than 15 degrees off the perpendicular axis of the Eé
indicator (Meister and Sullivan, 1969). The following criteria for lccating :
visual alerting signals is recommended (refer to Figure 3.1.3-1). THE MASTER
VISUAL ALERTS SHOULD BE LOCATED NO MORE THAN 15 DEGREES FROM EACH PILOT'S
CENTERLINE OF VISION (BOTH HEAD-UP AND HEAD-DOWN), AND THE MASTER VISUAL
ALERTS SHOULD BE WITHIN REACH OF ALL PILOTS IN THEIR NORMAL SEATED POSITIONS.

A §
s\GHY !
NORMAL 15 / /
> a’///’ /)
AREA FOR 3
HIGH PRIORITY / 30 -~ ,
SIGNALS Y
AREA FOR /
SECONDARY
SIGNALS
Figure 3.1.3-1. Recommended Placement of Visual Signals
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3.1.4 DURATION/CANCELLATION

® THE ONSET OF THE MASTER VISUAL ALERT SHCULD OCCUR SIMULTANEOQUSLY
WITH THE ONSET OF THE MASTER AURAL ALERT, AND WITHIN 0.5 SECOND
AFTER THE ALERTING SITUATION HAS OCCURRED

° THE MASTER VISUAL ALERT SHOULD REMAIN ON UNTIL IT IS CANCELLED
~ EITHER MANUALLY BY A PILOT, OR AUTOMATICALLY WHEN THE ALERTING
SITUATION NO LONGER EXISTS

® UPON CANCELLATION THE ALERTING MECHANISMS SHOULD BE RESET TO
ANNUNC TATE ANY SUBSEQUENT FAULT CONDITION

One of the general requirements described earlier is that all of the compon-
ents of the alerting system should be coordinated. That is, immediately after
the alerting computer signals an alert, the annunciation of the alert via the
visual and auditory components should be coordinated. The onset of the master
aural and master visual alerts should occur simultaneously, along with the
appearance of the alert message on the visual informa‘*ion display.

In several surveys (Cooper, 1977; and Boucek, et al., 1977 and 1980) pilots
indicated that any device which is sufficiently attention-getting to alert a
crew member also has the potential for creating a distraction. Extremely loud
or visually distracting alerting devices can interfere with flight deck
communications, pilot decision-making, and crew coordination. For these
reasons, most pilots favored cancelling the visual and aural master alerts
after they have served their primary purposes of attracting the attention of
the crew and providing preliminary urgency information. A large majority
favored manual cancellation of the master visual alert by depressing the
master visual alert switch-indicator. The pilots stated that this action
should also cancel the master aural alert and the verbal message, and should
reset the mascer alerts to annunciate subsequent alerting situations.

However, cancellation of the master alerts should not cancel the alert message
on the visual information display. Cancellation of alert messages on the
visual information display is described in Section 5. In addition, a large
majority of pilots preferred automatic cancellation of alert messages after
the alerting situation had been corrected.
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IN SUMMAR'Y, THE ONSET OF THE MASTER VISUAL ALERT SHOULD OCCUR SIMULTANEOQUSLY
WITH THE ONSET OF THE MASTER AURAL ALERT, AND AS SOON AS POSSIBLE AFTER THE
ALERTING SITUATION HAS OCCURRED. THE MASTER ALERTS SHOULD REMAIN ON UNTIL
THEY ARE CANCELLED EITHER MANUALLY BY A PILOT, OR AUTOMATICALLY WHEN THE

5 ALERTING SITUATION NO LONGER EXISTS. UPON CANCELLATION THE ALERTING

f MECHANISMS SHOULD BE RESET TO ANNUNCIATE NEW ALERTS.

3

] 3.1.5 STEADY STATE/FLASHING
o STEADY STATE MASTER VISUAL ALERTS SHOULD BE USED

Master visual alerts can be either steady state (constant brightness) or
flashing (alternately bright and dim/off). Numerous experiments have been
conducted on the detectability of steady and flashing 1ights. However, the

; results have been highly dependent on the procedures used by the researchers.
Gerathewohl (1953) reported that the mean detection times for flashing lights
were shorter than for steady 1ights of the same brightness. Crawford (1962
and 1963) found that the response to steady or flashing signal lights was
affected by background conditions. Crawford's subjects were required to

: detect and indicate the location of signal 1ights wnen presented against var-
! jous background conditions. When the background was blank, no differences

1 were obtained in the detection of flashing or steady lights. When the
background consisted of all steady lights, flashing signals were detected
significantly faster than the steady 1ights. Figure 3.1.5-1 summarizes this
data.

On the other hand, evidence suggests that flashing 1ights are much more dis-
tracting than steady lights. Since the master caution and warning visual

alerts are generally separated from all other instruments or displays in the

b . flight station, steady lights should be detected as fast as flashing 1ights,

i while being less distracting after their initial detection (Boucek et al.,

' 1980). For these reasons the use of steady state master visual alerting
signals is recommended.

IN SUMMARY, STEADY STATE MASTER VISUAL ALERTS SHOULD BE USED.
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3.1.6 BRIGHTNESS

® MASTER VISUAL ALERTS SHOULD BE BRIGHT ENOUGH TO ATTRACT THE
ATTENTION OF THE CREW

® THE AVAILABLE RANGE OF BRIGHTNESS SHOULD PROVIDE SUFFICIENT
CONTRAST FOR BOTH LOW AND HIGH AMBIENT LIGHT CONDITIONS

The effect of signal brightness on detection is directly related to the amount
of 1ight reflected by the display pan:1. Industry design recommendations and
military standards give various approaches to the problem. Van Cott and
Kinkade (1972) recommended that visual signals should be bright enough to
stard out clearly against the panel on which they appear under all expected
lighting conditions, hut they should not be so bright as to impair the vision
of the operator. Meister and Sullivan (1969) stated that "the intensity of a
high priority signal should be at least twice as bright as the immediate back-
ground; the background should be dark ir contrast to the display, and should
have a dull finish."

Al though the brightness requirement of a signal is primarily determined by its
need to be seen, the range of intensity is dictated by the detection threshold
on one end, and disruption of normal acti\-‘{ties on the other. MIL-STD-24{1D
requirements are as follows: The brightness of any rear-lightc: signal shall
be at least 10 percent greater than the brightness of the area around the
signal. High priority signals require a recommended minimum of 150 ft-L for
high ambient situations and 15 + 3 ft-L for low ambient lighting conditions.

In following any recommendation, care must be taken in choosing the signal

5 ft-L to produce actual

brightness. Even though it would take a signal of 10
discomfort, a direct look at a 4 ft-L signal will cause a loss of dark

adaptation for a full minute (Stevens, 1951).

Research indicates that as signal intensity increases, simple reaction time
will decrease (Davis, 1947; luckiesk, 1944; Steinrman, 1944; and, Steirman and
Venias, 1944). The relationship between signal intensity and reaction time is
nonlinear and has been described by exponential, hyperbolic, and parabolic

functions.
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Figure 3.1.6-1. Simple Reaction Time as a Function of Signal
Lueminance {Kohfeld, 1971)

Raab and Fehrer (1962) studied the effect of flash luminance on simple
reaction time using circular signals subtending 1 degree and 10 minutes of
visual angle when viewed binocularly in a darkened room. Reduction of
reaction time was noted out to brightness levels of 3000 ft-L. Significant
improvement in reaction time occurred as brightness was increased to 30 ft-L.
At the higher brightness levels, however, further improvements were thought to
be attributed to startle reponses. Kohfeld (1971), using a white signal of 23
degrees visual angle found that simple reaction time improved rapidly as
brightness was increased from 0.0001 to 0.1 ft-L; less improvement was noted
as brightness was increased to 100 ft-L (see Figure 3.1.6-1).

Cooper (1977) and Boucek, et al., (1981) surveyed pilots' opinions on the
brightness of warning and caution 1ights. They indicated that while in
general the brightness of these lights were adequate in present day airplanes,
the brightness of these 1ights should be adjusted automatically as ambient
light conditions in the aircraft change.
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IN SUMMARY, HIGH PRIORITY SIGNALS SHOULD BE BRIGHT ENQUGH TO ATTRACT THE
ATTENTION OF THE CREW AND SHOULD PROVIDE SUFFICIENT CONTRAST FOR HIGH AND LOW
AMBIENT LIGHT CONDITIONS. BRIGHTNESS OF THE ALERTS SHOULD ADJUST AUTOMATIC-
ALLY AS LIGWHTING CONDITIONS CHANGE.

3.1.7 DISPLAY SIZE AND CHARACTER DIMENSIONS

° MASTER VISUAL ALERTS SHOULD SUBTEND AT LEAST 1 SQUARE DEGREE OF
VISUAL ANGLE

® MASTER VISUAL ALERT LEGENDS SHOULD BE UPPER CASE, 15 TO 20
MINUTES OF ARC IN SIZE, WITH A HEIGHT-TO-WIDTH RATIO OF 5:3, A
STROKE WIDTH 1:6 TO 1:10 OF THE HEIGHT, AND WITH A BETWEEN-
CHARACTER SPACING OF 25 TO 63 PERCENT OF THE CHARACTER HEIGHT

e CHARACTER SIZES AND FONTS SHOULD BE EVALUATED PRIOR TO IMPLE-
MENTATION TO ENSURE LEGIBILITY

For visual stimuli that subtend a visual angle of 1 square degree or less,
detectability is positively related to size. However, no consistent effect of
size has been demonstrated for visual stimuli larger than 1 square degree.
Sheehan (1972) measured the response times to alphanumeric legends presented
on an A-7E head-up display simulator. Subjecis were required to detect one of
three different visual warnings (FIRE, SAM HI, or HYD PRESS), while performing
a two-dimensional visual tracking task, and to resnond by pushing buttons to
indicate which of the three messages had been presented. The visual warnings
were projected on the head-up display in one of three different alphanumeric
character sizes. The character heights in dcgrees of visual angle and the
corresponding reaction times were as foliows: 0.5°, 1.97 seconds; 1°, 1.00
second; and ¢°, 0.98 second. As shown in Figure 3.1.7-1, increasing the
height of the characters from 0.5° to 1° reduced the mean response time by
about one-half; however, an additional increase in height from 1° to 2° did
not have a significant effect on the response time. It should be noted that
the response time recorded by Sheehan included the time for detection of a
message as well as the time to decide which message had been presented, and to
make the correct response.
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Figure 3.1.7-1. Effect of Character Height on Reaction Time (Sheehan, 1972)

Merriman (1969) investigated the effect of display size on the attention/
intrusion ability of border-1it red warning iights. His stimuli consisted of
red transilluminated borders around an 0.25" high by 1.4" wide opaque black
strip. Six different widths of red borders were used as warning lights (see
Table 3.1.7-1). The subjects had to detect and respond to the red warning
lights while monitoring another set of lights. Even though the data from this
study can be presented in a number of ways, the most appropriate measures to
use are the visual angle of the border and square degrees of angle for signal
size, because this eliminates viewing distance from consideration (a square
that has sides 1 degree of visual angle in length has an area of 1 square
degree of visual angle). The former measurement should give the smallest
signal size possible for detection and the latter the largest. A practical
value should lie somewhere in between.
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Table 3.1.7-1. Border-Width Test Conditions (Merrimen, 1969) F

Border width {in) 0.031 0.083 0.126 0.108 0.250 0.313 3
Border visusl angle (deg) 0.08 0.13 026 0.39 051 0.64 i
Lighted area (deg?) 028 051 1.16 192 3.08 2.74

Results obtained for the six test conditions are shown in Figure 3.1.7-2. The
mean response times and their standard deviations decreased as the area of the
] red warning light was increased from 0.28 to 2.74 degz. An additional

increase in the size of the warning 1ight from 2.74 to 3.88 deg2 had no obser-

3 vable effect on reaction time. The increases in mean responsc time and stand-

: ard deviations for decreasingly small signal lights was largely ascribed to a

tendency for the smaller signal 1ights to occasionally go undetected for ;

extended periods of time.
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Boucek, et al., (1977) reported that the use of positive legend displays
(black legend on a light backgroundj were found to improve response times to
alerts. They found that the character height, of high priority legends should

" be between 15 and 22 arc minutes. MIL-M-18012B delineates the height-to-width

ratio for capitalized warning legends to be 5:3, the stroke width to be 1:6 to
1:10 of the height and spacing between characters of 25 to 63% of character
height. The legends should read "WARNING" and "CAUTION" for the two visual
master alerts. The font of the legends should be futura medium.

IN SUMMARY, MASTER VISUAL SIGMALS SHOULD SUBTEND NO LESS THAN 1 SQUARE DEGREE
OF VISUAL ANGLE, AND THE CHARACTERISTICS OF THE WARNING AND CAUTION LEGENDS
SHOULD BE OPTIMIZED TO FACILITATE THEIR READABILITY

3.1.8 COLOR

° STANDARD COLOR CONVENTIONS SHOULD BE FOLLOWED FOR THE MASTER
VISUAL ALERTS:
RED - WARNING
AMBER - CAUTION

® MASTER VISUAL LEGENDS SHOULD BE OPAQUE WITH TRANSLUCENT BACK-
GROUNDS. IMPLEMENTATION SHTULD MINIMIZE THE PROBABILITY OF
THINKING THE ALERT IS ON WHEN IT IS NOT.

The master visual alerts should conform to the following color coding scheme,
in accordance with Type 1- Aviation lolors of MIL-C-25050, and Federal
Aviation Regulation 25.1322,

Red of the type FED-STD COLOR 311-05 - used to inform the aircrew of the
existence of a hazardous safety-of-flight condition requiring immediate crew
corrective or compensatory action.

Amber of the type FED-STD COLOR 325-44 - used to inform the aircrew of an

impending dangerous condition requiring immediate crew awareness and
subsequent corrective or compensatory action.
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Siegel and Crain (1960), reported that dark lettering on a lighted background
produces faster response times than 1ight legends on a black background, inde-
pendent of character height (see Figures 3.1.8-1 and 3.1.8-2). In addition,
MIL-STD-411D requires that warning legends be opaque with a translucent back-
ground.

IN SUMMARY, RED AND AMBER SWITCH-INDICATORS SHOULD BE USED FOR THE VISUAL
MASTER WARNING AND CAUTION ALERTS. OPAQUE LETTERING SHQULD BE USED ON A
TRANSLUCENT BACKGROUND. IMPLEMENTATION SHOULD MINIMIZE THE PROBABILITY THAT
THE ALERT WILL BE PERCEIVED AS ON WHEN IT IS NOT.

3.1.9 TEST REQUIREMENTS

° PROVISIONS SHOUL.D BE PROVIDED TO TEST/VERIFY THE OPERABILITY OF
THE MASTER VISUAL ALERTS

A control (press-to-test) should be used to test the operability of the master
visual alert. Whenever practical, the test circuitry should be designed to
test the operation of the total indicator circuit (M._-STD-1472B). This
press-to-test control should also test the other components of the alerting
vystem (i.e., aural alerts, verbal messages, and the presentation of alerts on
the visual information and time-critical displays).

3.1.10 RELIABILITY

° THE RELIABILITY OF THE MASTER VISUAL ALERTS ZHOULD MINIMIZE THE
PROBABILITY OF UNDETECTED, FALSE OR NUISANCE ALERTS

The alerting system information is highly important, and therefore the
components must be highly reliable. The visual components of the alerting
system should be designed so that the failure of any single component will not
dystroy the operational utility of the alerting system or endanger the
aircraft. The system design must provide adequate redundancy to assure that
this requirement can be met.
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A1l master visual alerts should be provided with component redundancy such as
two lamps, two filaments. For example, to provide a positive indication of a
Tamp/bulb failure, the intensity of the light should decrease sufficiently to
indicate the need for replacement, but not so much as to prevent the detect-

ability of the master visual alert.

In a survey by Cooper (1977), pilots indicated that the reliability of the
caution and warning system was extremely important. Cooper stated that warn-
ings and cautions that actuate too often are useless as alerting system
devices. Nuisance warnings, whether caused by an unreliable system or by
design error, affect pilot confidence in the alerting system and contribute to
a pilot ignoring an indication when it is real. The ultimate objective of an
alert is to ensure safe operations. If this does not occur the system is not
reliable. True reliability, therefore, inciudes the human element as well as
hardware and software reliability.

IN SUMMARY, RELIABLE COMPONENTS, ALERTING LOGIC AND SUFFICIENT REDUNDANCY
SHOULD BE PROVIDED TO MINIMIZE OR ELIMINATE THE PROBABILITY OF UNDETECTED,
FALSE, OR NUISANCE ALERTS. ALL WARNINGS SHOULD ACTUATE THE MASTER VISUAL
WARNING LIGHT AND ALL CAUTIONS SHOULD ACTUATE THE MASTER VISUAL CAUTION LIGHT.

3.1.11 MISCELLANEOUS GUIDELINES

® SWITCHLIGHT OPERATION - Cancellation of a master visual alert should
occur when the face of the switch-indicator is depressed a distance
of at least 0.115 inch. The required activation force should be 3.5
+ 1.5 1bs.

® FEEDBACK - The pilots should receive feedback that they have
depressed the switch indicator. The feedback should be provided
tactually and by extinguishing of the switchlight. The feedback
should be provided within 0.5 second.

® SURFACE TEMPERATURE - Under operational conditions, the front
switch-face temperature of the master visual alerts should not exceed
109°F (43°C) at an ambient temperature of 77°F (25°C).
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® TECHNIQUE - The use of inclndescent bulbs or other suitable 1
technology for the master visual alert should be left up to the
airframe manufacturer. lowever, the technique used must satisfy all
of the guidelines presented for master visual alerts.

3.2 VISUAL INFORMATION DISPLAY

This section describes the guidelines for the design of the visual information
display component of an «lerting system. ]

s

3.2.1 PURPOSE

T SR

The visual information display serves five primary functions:

o PROVIDES ONE LOCATION WHERE ALL WARNING, CAUTION AND ADVISORY
MESSAGES ARE DISPLAYED

® PROVIDES A CONCISE ALERT MESSAGE FOR EACH PROBLEM

o PROVIDES INFORMATION ABOUT ALERT URGENCY

° PROVIDES SOME DIRECTION FOR CREW CORRECTIVE ACTIONS

[ PROVIDES FEEDBACK TO THE CREW WHEN FAULTS ARE CORRECTED

The current trend in aircraft alerting is to allow the placement of warning

lights within a 30 degree cone of vision, and to centralize caution alerts

within an annunciator panel, even if this does not 1ie within the 30 degree

cone. In some cases the proliferation of alerts and the limitation of usable

flight deck panel space has resulted in positioning some alerts outside the 30

degree cone. The competition for central panel space is so severe that little

or no consistency has been achieved to date in the location of warning lights

or annunciator panels (Cooper, 1977), To alleviate this problem, pilots

surveyed by Cooper (1977), and by Boucek, et al., (1980) suggested the use of

a centrally located display to present all alerts. The pilots stated that ]
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such a display would reduce the number of alerts that go undetected, and
should also reduce the time required to detect and respond to alerting situ-
ations.

To aid pilots in responding to alerts, a concise alert message describing the
problem should be provided and the information coded according to alert

urgency (Boucek, et al., 1980). The message can be provided by dedicated annun-
: ciator lights, or presented on a visual information display. Each message

5 should indicate the general heading of the problem (e.g.,"ENGINE"), the sub- :
, system or location (e.g., "NUMBER ONE"), and the nature of the problem %
("OVERSPEED"). Standardization, using the above order is desirable, but '
should be subordinated to a clear statement of the problem (e.g., LEFT ENGINE
FIRE). Specific guidelines for recommended message syntax are provided in
Section 3.2.3. In addition, the visual information display should provide the
crew with data to assess the urgency level of the alert. Cnlor (red for warn-
_ ings, amber for cautions, and a third color for advisories) is the preferred

i means of coding this information on the visual display (see Section 3.2.3 for
color-coding guidelines).

i The final purpose for the visual information display is to provide the crew
with feedback concerning the corrective action taken. This feedback is
provided when alerts are cancelled automatically when the situation causing
the alert has been corrected.

i IN SUMMARY, A VISUAL INFORMATION DISPLAY SHOULD BE PROVIDED TO: CONSOLIDATE

} THE PRESENTATION OF ALL ALERTING INFORMATION INTO A CENTRAL AREA WITHIN THE

! PILOT'S PRIMARY OR SECONDARY FIELD OF VIEW; PRESENT A CONCISE STATEMENT OF THE
ALERT AND ITS URGENCY LEVEL; ENABLE PILOTS TO OBTAIN A QUICK AND DIRECT
INDICATION OF AIRCRAFT STATUS; PRESENT PRELIMINARY INFORMATION TO BE USED BY
THE PILOT TO CORRECT THE ALERTING SITUATION; AND TO PROVIDE FEEDBACK TO THE
PILOTS WHEN ALERTING SITUATIONS HAVE BEEN CORRECTED.

3.2.2 LOCATION — NUMBER

[ THE LOCATION OF THE VISUAL INFORMATION DISPLAY AND ITS VIEWING
ANGLE, RELATIVE TO THE PILOT, SHOULD NOT DEGRADE CREW PERFORMANCE




T
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e VISUAL INFORMATION DISPLAYS LOCATIONS BEYOND 30° FROM THE
PILOT'S CEN%RLINE OF VISION SHOULD BE TESTED EMPIRICALLY BEFORE
IMPLEMENT/. TN,

°® ALL WARNING, CAUTION, AND ADVISORY ALERTS SHOULD BE PRESENTED ON
THE SAME DISPLAY. THIS DISPLAY SHOULD BE USED ONLY TO PRESENT
ALERTING MESSAGES

o THE DISPLAY SHOULD BE WITHIN REACH OF THE PILOT TO PERMIT
OPERATION OF ITS CONTROLS
2 o THE NUMBER OF THr DISPLAYS SHOULD BE DETERMINED BY A COMBINATION
* OF OPERATIONAL AND RELIABILITY CRITERIA

The location of visual signals relative to the pilot's centerline of vision
has a significant effect not only on the speed with which a signal is
detected, but also on the probability that it will be seen at all. Boucek, et
al., (1980) investigated pilot detection and response times, and the number of
missed alerts as a function of the location of the visual information display.
Two locations were evaluated: (1) below the ADI on the pilot's instrument
panel, (within the pilots primary field of view) and, (2) on the left side of
the central instrument panel, (within the pilot's secondary field of view),
see Figure 3.2.2-1. Other variables investigated in this test included the
presence or absence of a master visual alert, and the locaticns usca for
presenting various urgency level alerts (i.e., all alerts displayer. on both
the pilot and central panels, or only warnings presented on the pilot panel,
and cautions and advisories on the central panel). The results of this test
indicated that when a master visual alert was used, the location of the visual
information display had no measurable effect on mean detection and response
times (see Figure 3.2.2-2), or on the number of missed alerts. Pilot
pr~ference data indicated that locating the visua: information display on the
central instrument panel was acceptable as long as a master visual alert was
located within the pilot's primary field of view.
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Figure 3.2.2-1. Visual Information Display Locations
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Another findirg of the study was that pilots demonstrated shorter mean
detection and response times when all of the alerts were presented on a single
display. By presenting all alerts on one display, a strong habit pattern may
be developed to facilitate crew responses; whenever a master visual alert was
activated the pilots would refer automatically to the visual information
display. If one display was used for warnings and another for cautions and
advisories, two habit patterns would have to be developed; and some amount of
pilot information processiny would have to be performed to tie the urgency
level of the alert to the location in the flight station where further infor-
mation was displayed. Pilots participating in this study favored putting al}
alert information on a single display. They also indicated that this display
should be used to present only alerting information.

Another variable that affects the location of the visual information display
is the pilot's reach requirements. Since controls for brightness adjustment,

paging, selective store, etc., may be included with the display, it should be

- o= = Caution
— - Warning
A = visual master

8
7+ JE—
____——4'-—_——_
————"
6 |- .
RESPONSE TIME
5F P * ce—— « - - g I _,_—---—'—-‘-'0
3
m o
= 4
[
3k
2k
———-—-"_——_'—'——___————q.
1+ - =TT = - -—
DETECTION TIME
0 i
WARNING AND CAUTION WARNING WARNING AND CAUTION
CENTER PILOT PILOT

DISPLAY LOCATION

Figure 3.2.2-2. Mean Detection and Response Times as a Function of
the Visual Information Display Location
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located within reach of the pilots. Appropriate anthropometric data should be
used to ensure that pilots can reach and actuate the controls from their 4

normal flight positions.

e

? The number of the displays should be determined by a combination of opera-

' tional and reliability criteria. In termms of operational criteria, the main
considerations are ease of use, and whether both pilots are to be able to
monitor and control the data presented on a single visual information display.
As mentioned earlier, pilots preferred that a single display be used to pre-
sent all caution and warning system alerts. However, no data was solicited on
whether a separate display should be provided for each pilot. The major oper- 4
ational problem in using a single display would be whether both pilots would

£, be abls to read the messages presented or reach any associated controls. In

; the Boucek, et al., study (1980) the display was iocated on the left hand side
| of the central instrument panel, within reach of the pilot, but within reach
of only a small percentage of first cfficers (greater thar 90th percentile)
without bending from their normal seated position. If a requirement exists i
for both pilots to have easy access to the controls on this display, a more é
central location should be sought. If this requirement exists, and a
centralized Yocation cannot be found, separate displays should be provided for

the pilot and first officer.

_ Most pilots preferred that a redundant means be provided to annunciate all g
‘ alerts in the event that the visual display fails (Cooper, 1977). Redundancy
? could be accomplished in a number of ways such as, separate pilot and first g
officer displays, two pilot displays, a dedicated central hard-wired 3
annunciator panel in addition to the visual display, etc. However, the manner
in which system reliability is accomplished should be left to the individual

A

airplane manufacturer.

s ey

IN SUMMARY, THE LOCATION OF THE VISUAL INFORMATION DISPLAY SHOULD NOT DEGRADE
CREW PERFORMANCE. DISPLAY LOCATIONS WITHIN 30° OF THE PILOTS' CENTER LINE OF ]
VISION HAVE BEEN SHOWN TO BE ACCEPTABLE, LOCATIONS OUTSIDE THIS AREA MUST BE
VALIDATED. THE CONTROLS ASSOCIATED WITH THE VISUAL DISPLAY SHOULD BE WITHIN
REACH OF ALL PILOTS USING THE DISPLAY. REDUNDANT PROVISIONS FOR PRESENTING
WARNING AND CAUTION ALERTS SHOULD BE PROVIDED. THE NUMBER OF DISPLAYS SHOULD
BE DETERMINED BY A COMBINATION OF OPERATIONAL AND RELIABILITY CRITERIA.
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b 3.2.3 FORMAT

[ ALERT MESSAGES SHOULD GENERALLY CONTAIN THREE ELEMENTS: THE
GENERAL HEADING OF THE ALERT, THE SPECIFIC SUBSYSTEM OR
LOCATION, AND THE NATURE OF THE PROBLEM

° ALERTS SHOULD BE GROUPED BY URGENCY LEVEL AND LISTED CHRONOLOG- 5
ICALLY WITHIN EACH GROUP (WARNINGS FIRST, FOLLOWED BY CAUTIONS |
AND ADVISORIES, WITH THE MOST RECENT ALERT LISTED AT THE TOP OF
ITS OWN CATEGORY)

[ AN OVERFLOW INDICATION SHOULD BE USED TO INFORM THE CREW THAT ]
THE NUMBER OF CURRENT ALERTS HAS £ XCEEDED THE DISPLAY CAPACITY

@ A PAGE NUMBER INDICATION SHOULD BE USED TO INFORM THE CREW THAT ;
ADDITIONAL ALERTS ARE CONTAINED IN THE SYSTEM ON PAGES THAT MAY i
BE CALLED UP FOR REVIEW ;

° A MEMORY INDICATION SHOULD BE USED TO INDICATE THE NUMBER AND
URGENCY LEVEL QOF THE ALERTS THAT HAVE BEEN STORED

P

® IN ADDITION TO RED (FOR WARNTNG) AND AMBER (FOR CAUTION), A
THIRD COLCR SHOULD BE USED TO INDICATE ADVISCRY LEVEL ALERTS TO
PROVIDE A UNIQUE AND EASILY DISTINGUISHABLEt CODING METHOD FOR
ALL ALERTING CATEGORIES

0 A L M A1 5 A et e . 1

® AN INDICATION SHOULD BE PROVIDED TO DISTINGUISH NEW ALERTS

The format used to present warning, caution and advisory messages on the
visual information display has a considerable impact on pilot detection and

response times (Boucek, et al., 1980). Since a poorly formatted display could
lead to a decrement in performance, care must be taken to optimize the trans- ;
fer of information from the alerting system ¢ the crew. The major format 1
variables and their impact on pilot performance are described below.
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3.23.2 Syntax - Yhe present study surveyed the major airframe manufacturers
Yor the various message syntaxes in use, and to identify a prevalent alerting
format for warning and cautions, if one existed. The results of this survey
indicate that no standard alerting format exists. However, in most cases,
alert messages were structured with the general heading followed by the sub-
system, and then the nature of the problem. This finding is in agreement with
MIL-STD-411D which recommends the following format:

General Heading Specific Subsystem Nature of Emergency

or Location

Example: ENGINE NUMBER 1 FIRE

Since very little agreement exists among the airframe manufacturers concerning
syntax, a survey was conducted with 25 piiots from Boeing, Lockheed, and
Douglas Aircraft, and from Continental and Western Airlines providing their
opinions on alert message syntax. Although the majority of the pilots (80%)
preferred the format recommended in MIL-STD-411D, they stated that the format
was not appropriate for all alerts. The conclusion was that syntax
standardization should be the goal, but it is imperative that the alert
message present a clear statement of the problem.

3.2.3.2 Prioritization - This variable is concerned with how the alerts are
ordered on the visual information display. In a simulation study that i :ed
current airline pilots (Boucek, et al., 1980), the following three formats
were evaluated:

(1) Category and Chronoiogy - Alert messages were displayed by category
(i.e., warnings, cautions, and advisories) with the most recent alert pre-
sented at the top of its category. The warning category appeared at the top
of the display, cautions in the middle, and advisories on the bottom. The
order of occurrence of alerts could therefore be determined only within
categories.

(2) Chronology - Alert messajges were listed chronologically with the most
recent alert always presented at the top of the display. As new alerts were

presented, all existing alerts would be scrolled down.
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(3) Warnings Separate - Warning alert messages were always listed as a group
at the top of the display, with cautions and advisories below, mixed, in their
order of their occurrence.

In all three formats, alert categories were color-coded, red for warnings,
amber for cautions, and blue for advisories. Figures 3.2.3.2-1 through
3.2.3.2-3 illustrate the three display formats. No significant differences
were obtained in the detection and response times or in the number of missed
alerts for the three display formats. The data did indicate, however, that
responses to cautions were slower when the caution alert messages appeared in
the midst of other alerts than when appearing at the top. However, this
disadvantage was alleviated when a flashing box was used to identify the most
recent alert. Pilot preference data obtained in this study indicated that
alerts should be grouped by urgency, especially to aid in assessing cverall
aircraft status and for handling display overflows !i.e., when more alerts
were in the system than could be displayed at one time the least important
alerts, advisories or cautions, would leave the screen first). However, the
pilots also preferred that alerts be displayed chronologically (i.e., new
alerts displayed on top, independent of category), to aid in finding the most
recent alert. This problem was eliminated when a cue (flashing box) was added
to indicate new alerts.

3.23.3 Overflow - This concept applies to situations when the number of
active alerts in the system exceeds the display capacity. In the Boucek, et
al., study (1980) a display capable of presenting twelve alerts at one time
was used. Pilot opinion was solicited on three distinct overflow concepts:

(1) Dropoff/Reverse Chronology - In this concept the oldest message would be
dropped off the screen, with the newest alert being displayed at the top of
the display or alert category.

(2) Scroll - In this concept the alert messages could be scrolled up or down

on the display to provide access to all alerts. Individual alerts could be
moved up or down, one at a time, until the pilot had assessed aircraft status.
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Figure 3.2.3.2-1.

) 1% "0

v

Alerts Grouved by Urgency Category—Most Recent Alert Appears
at the Top of Its Group
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(3) Subsystem Reversion - For *.is alternative the display would revert to a
subsystem display monitor, wit.i all of the system caution and advisory alerts
(e.g., engine, hydraulic, electrical) combined into a single message (see
Figure 3.2.3.3-1). In this concept the bottom five 1ines of the display were
reserved for subsystem messages, with a particular location reserved for each
particular subsystem. The upper seven display lines were used to display
warning alerts.

When the number of displayed alerts decreased to twelve or less, the system
would automatically revert to the normal, full message format. Again, color
coding was used to denote alert urgency.

The results of this survey indicated that the majority of the pilots preferred
a combination of the dropoff and scrolling concepts. The vast majority (83%)
stated that they would prefer the oldest and lowest category alerts to be
dropped off the screen when newer/higher priority alerts occurred. They also
stated that when the display capacity was exceeded they would prefer to have
the capability to call up the additional alerts one page at a time, rather
than scrolling up or down, one alert at a time. Those pilots who preferred
the concept of subsystem reversion also identified several problems with its
use. For example, they stated that a new alert occurring in a previously
faulted system could not be identified since the display would not change.

Independent of the technique used to handle overflows the vast majority of
pilots wanted an indication of overflc¢: to be presented on the visual informa-
tion display. Guidelines for display cues and aids (e.g., overflow indicator,
new alert indicator, and paging indicator) are provided in Section 3.2.3.5.
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System characteristics

Color coding schemes:
Gsemened Blue advisories

e == = Amber advisories
(indented)

Scoring options

1. Excellent—no changes
recommended

2. Good—minor changes .
beneficial ~ !
o T 1
| 3. Fair—minor changes Ju— _I—- ~ ]
recommended I— —

4. Poor—major changes
1 recommendesd

5. Unacceptable—major
changes necessary

Figure 3.2.3.4-1. Color Coding Pilot Preferences as a Function of Five System Characteristics

3.2.3.4 Color Coding - Pilot surveys (Cooper, 1977, and Boucek, et al., 1980) !
indicated that pilots prefer unique and easily distinguishable categories to f
quickly and accurately differentiate between alert urgency leveis on the
visual information display. In Cooper's survey, pilots indicated that a third
colowr, in addition to red and amber, was needed to identify a third category
of alerts. Pilots stated that while red and amber in general refer to immedi-
F ate and deferred action items, a third color is needed to indicate that some-
thing is wrong but that no action is presently required. No clear preference
‘ was stated for this third color; however, blue, green and white were suggest-
ed. Cooper's survey also identified the need for color standardization;
similar feelings have also been expressed by the SAE S-7 committee, which is

E
p
i
l

studying the need for a third level of alerts.

In the Boucek et al., study (1980), pilots preferred a color coding technique
(blue used for advisories) to a location coding technique (advisories
indented). Pilots evaluated the two coding schemes on five system character-
istics (i.e., priority level, aircraft status, display utility, priority con-
fusion, and error probability). These data are shown in Figure 3.2.3.4-1. As
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can be seen from this figure, the distinct color code was clearly preferred
for all five system characteristics. However, in those cases where flight
station or operational considerations restrict/inhibit the use of color other
coding techniques may be used. If another coding technique is used it should
be applied consistently across all three alert urgency levels, and empirical
test data must be obtained to establish the acceptability of the selected
coding technique.

3.235 Cues and Aids - The present study determined that cues and aids are
required for the crew to interact effectively with the visual information dis-
ptay. Pilot opinions on various display cues and aids were surveyed to deter-
mine procedures for using the visual information display to communicate alert-
ing system status information. The following cues and aids were addressed:

® New message indicator
® Overflow and page indicator
® Memory indicator

Alerting system components that deal with crew option and control over the
alerting system (e.g., prinritization, store/recall, inhibition) are described
in Section 5.

New Message Indicator - To provide an indication of display status changes
(e.g., the occurrence of a new alert), a new message indicator is required.
Boucek et al., (1980) and the present effort performed tests and surveyed
pilot opinions on new message indicators to deteimine their impact on pilot
detection and response times to alerts. The 1980 study compared pilot
detection and response times and the number of missed alerts, as a function of
a master visual alert (yes/no) and a flashing box around the newest alert
(yes/no). The data indicated that new alerts were detected significantly
faster when there was a flashing box around the alert. Since this data may be
misleading because the master visual alert was present for half of the trials,
the interaction between the master visual alert and the flashing box was
investigated. A significant interaction was found. The detection time for
the test condition with neither a master alert or flashing box was
significantly longer than for all other combinations. When the flashing box
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was added, the detection time was improved, but was still significantly longer
than either of the conditions with the master alert. This data indicates that
the shortest detection times result when both a master visual alert and a
flashing box around the newest alert are used (see Figure 3.2.3.5-1).

The data for pilot response times were similar to the detection time data,
(i.e., shortest response times wee obtained when both a visual master light
and flashing box were used to arnunciate new alerts). Also, significantly
fewer alerts were missed when a flashing box was used. The results of pilot
preference data obtained during this study indicated that the coubination of

8 Legend:

Advisory
7+ — — e - Caution

—  — Warning

DETECTION
TIME (sec) 4|

0 1 1 1
MASTER VISUAL MASTER FLASHING BOX NONE
ALERT AND VISUAL
FLASHING ALERT
80X

ATTENTION-GETTING DEVICE

Figure 3.2.3.5-1. Mean Detection Times as a Function of a Master Visual Alert
and a Flashing Box Around New Alerts (Boucek, et al., 1980)
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the master visual alert and flashing bcx provided the most information and
would result in both shorter alert detection and response times.

In the present study pilots were surveyed on what type of new message
indicator they preferred. Two choices were presented:

® An asterisk adjacent to the latest alert
[ ) A flashing box arcund the latest alert.

The majority of pilots preferred the flashing box and indicated that it was
better for both aiding in the identification of the most recent alert and in

- attracting attention to a new alert. However, since the main function of the

cue is to aid the crew in locating new alerts, a non-flashing box should be
just as effective as a flashing one. The flashing box is only required in the
ca::. when master visual alerts are not used. For this case the flashing box
serves not only to aid the crew in locating a new alert but also as the atten-
tion-getter.

Overfiow and Page Indicator - As discussed previously most pilcts (86%) wanted
an overflow indicator to inform them when the number of current alerts exceeds
the capacity of the visual information display (Boucek, et al., 1980). No
consensus was reached on the type of indicator that should be used. Several
pilots favored using ar arrow (V) to indicate overflow. Others recommended
tha .he total number of overflowed cautions and advisories should be pre-
sented at the bottom of the display along with the number of alert pages. No
overflow indication should be required for warnings. The likelihood of having
more than twelve warnings displayed at any one time is extremely small.

The present study also solicited the opinions of pilots on overflow indi-
cators. The pilots were asked to compare the "Arrow" concept to the use of
colnr-coded boxes, which would indicate the number of alerts present for each
category. The color-coded boxes would ilTuminate only if more than one page
of alerts were present. The majority of pilots stated a preference for the
colored boxes since they felt that the boxes provided more information. They

also liked th2 idea of the number of alert pages being clearly presented on
the display.
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Memory Indicator - Pilot preference data obtained in the Boucek, et al., study
(1980) indicated that a positive indication shouvld be provided to inform the
aircrew of the number of caution and advisory messages that have been stored
in memory. They also indicated that since warnings should not be storable, no
memory indicator is required for warnings. Most pilots stated a preference
for numeric color coded data to provide this information, for example, if six
cautions and four advisories were stored, an amber '6' and a blue '4', or

whatever color is selected for advisories, be shown on the bottom of the
visual information display.

The example shown below in Figure 3.2.3.5-2 illustrates a method for placing
overflow, page and memory indicators on the bottom of the visual information
display. This example, assumes a 16 character per row display.

IN SUMMARY, THE SYNTAX O~ ALERT MESSAGES SHOULD CONTAIN THREE ELEMENTS: THE
GENERAL HEADING OF THE ALERT, THE SPECIFIC SUBSYSTEM/LOCATION, AND THE NATURE

ColumnNo, —————= |1 2|3|4 56 7]8]9 10]11}12}13 14|15 16
Message ——————- |0 F 1 3 1 M 3 4
Qverflow

No. cauticns
{ambor)

No. advisorias
{adwisory color)

Memory inliestor
(white) —

No. cautions
{amber)

No. advisories
{advisory color)

Figure 3.2 3.5-2. Example Display Format for Presenting Overflow,
Paging, and Memory Indications
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OF THE PROBLEM. ALERTS SHOULD BE GROUPED BY PRIORITY LEVEL AND LISTED
CHRONOLOGICALLY WITHIN EACH GROUP. AN OVERFLOW INDICATOR SHOULD BE USED TO
INFORM THE CREW THAT THE NUMBER OF CURRENT ALERTS EXCEEDS THE CAPACITY OF THE
DISPLAY. A PAGE NUMBER INDICATOR SHOULD BE USED TO INFORM THE CREW THAT ADDI-
TIONAL ALERTS ARE CONTAINED IN THE SYSTEM, AND THAT TO ACCESS THESE ALERTS
OTHER PAGES HAVE TO BE DISPLAYED, AND A MEMORY INDICATOR SHOULD BE PRGVIDED 70
INFORM THE AIRCREW OF THE NUMBER OF CAUTION AND ADVISORY MESSAGES THAT HAVE
BEEN STORED IN MEMORY. TO PROVIDE A UNIQUE AND EASILY DISTINGUISHABLE CODING
METHOD FOR EACH ALERTING SYSTEM CATEGORY, A THIRD COLOR /IN ADDITION TO RED
(WARNINGS) AND AMBER (CAUTIONS)) SHOULD BE USED, AND A BOX AROUND NEW ALERTS
ON THE VISUAL INFORMATION DISPLAY SHOULD BE USED TO AID IN ALERT
IDENTIFICATION/LOCALIZATION.

324 BRIGHTNESS

o THE DISPLAY SHOULD BE BRIGHT ENOUGH TO BE EASILY READABLE FROM
THE PILOT'S EYE REFERENCE POINT IN ALL AMBIENT LIGHT CONDITIONS

[ THE BRIGHTNESS OF THE VISUAL INFORMATION DISPLAY SHOULD BE
ADJUSTED AUTOMATICALLY AS AMBIENT LIGHTING CONDITIONS INSIDE THE
FLIGHT STATION CHANGE. HOWEVER, A MANUAL OVERRIDE CONTROL

SHOULD BE PROVIDED TO ENABLE THE PILOTS TO ADJUST DISPLAY
CONTRAST

The rationale for these guidelines are identical to the requirements for the
master visual alerts, except for contrast.

Cooper (1977) and Boucek, et al., (1980) surveyed pilots on warning and
caution indicator 1ight brightness. The vast majority of pilots preferred
automatic brightness adjustment for varying ambient 1ight conditions. The
pilots also indicated that they would want a manual brightness control to
enable them to override the automatic brightness setting to suit their individ-
ual requirements. This can be accomplished perceptually by providing a manual
contrast control allowing the pilots to adjust the brightness relative to the

display background. However, the visual information display should never be
able to be dimmed below 15 + 3 ft-L.
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3.2.5 SIZE

® SPECIFIC AIRCKAFT CONFIGIRATION REQUIREMENTS SHOULD DICTATE THE
MINIMUM NUMBER OF LINES TO BE DISPLAYED, WITH CHARACTERS LARGE
ENOUGH TO BE LEGIBLE TO THE PTLOTS WHEN SEATED IN THEIR NORMAL
FLIGHT POSITIONS

L THE DISPLAY SHOULD BE WIDE ENOUGH TO PRESENT ANY ALERT MESSAGE
ON A SINGLE LINE

In the past, the size of a display has been determined primarily by the
constraint of available panel space and not by good design practices which
consider display characteristics and human factors requirements. The follow-
ing guidelines (based on character size, number of alerts, line length, etc.)
should be used to determine the required display area.

Character size should be determined after the display has been located in the
flight station and the distance from the display to the eye reference point
defined. For example, if the display is located 42 inches away from the eye
reference point and a character subtending 14 minutes of arc is required, mult-
iplying distance (42 inches) by the tangent of half the angle (7 arc-minutes)
result in a half character size of 0.085 inch or a character size of 0.17 inch
(distance x tangent of one half visual angle = one half the character size).

The height of the display should be contingent upon character height, spacing
between lines, number of 1ines, and the space necessary for showing supple-
mental data (e.g., page number and overflow indicators). For a character
height of 0.17 inch and a minimum 1ine spacing of 0.085 inch (half the char-
acter height), a vertical dimension of approximately three inches would be
require’ to display twelve alerts. This does not include the space recessary
for page and overflow indicators or for margins on the top and bottom of the
display. In terms of the number of 1ines required for the visual information
display, Boeing has conducted several studies for their present aircraft
programs and have identified twelve lines as being acceptable.
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The width of the display should be contingent upon character width, spacing
between characters, number of words, and the number of characters. If a 5:7
height to width ratio is used, character width for the above example wouid be
0.12 inch. Assuming a space at both sides of the display, spacing between
characters 25% of the character height and a one character separation between
words, a 2.6 inch widtn would be necessary to present 16 characters. Sixteen
characters has been suggested by Boeing as a reasonable number for presenting

alerts. In their new aircraft programs, all alerts could be represented by 16
characters or less.

Once the height and width of the dispiay have been determined, the designer
must examine the flight station geometry to determine the width of the margin
necessary around the display area. Bezels, protruding knobs, etc., should be
considered to assure that the display area is readable in all flight station
configurations. Given the above considerations, the minimum size that should
be considered for the visual information display is 3.5 by 4.0 inches.

IN SUMMARY, SPECIFIC AIRCRAFT CONFIGURATION REQUIREMENTS SHOULD DICTATE THE
MINIMUM NUMBER OF LINES TO BE DISPLAYED WITH CHARACTERS THAT ARE LEGIBLE TO
PILOTS WHEN SEATED IN THE NORMAL FLIGHT POSITION. THE DISPLAY SHOULD BE WIDE
ENOUGH SO THAT ALL ALERTS WILL FIT ON ONE LINE, AND CAN BE EASILY READ BY THE
PILOTS.

3.2.6 CHARACTERS

o THE ALPHANUMERIC CHARACTERS USED ON THE ViSUAL INFORMATION
DISPLAY SHOULD BE AT LEAST 12 TO 15 ARC MINUTES. ALL CHARACTERS
SHOULD BE UPPER CASE, WITH A HEIGHT-TO-WIDTH RATIO OF 2:1, A
STROKE WIDTH OF 1:6 TO 1:10, AND A BETWEEN CHARACTER SPACING OF
25 TO 63 PERCENT OF THE HEIGHT. GRAPHIC SYMBOLS SHOULD BE AT
LEAST 20 ARC MINUTES.

o CHARACTER SIZES AND FONTS SHOULD BE EVALUATED PRIOR TO THEIR
IMPLEMENTATION
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The accurate recognition of symbols, including alphanumeric characters, is an

important requirement in determining the presentation format for alerting
information as there are a large number of parameters that affect the accuracy

of message recognition. The following data were derived primarily from three
sources: Meister and Sullivan (1969); MIL-STD-1472B (1978), and Eike, Malone,

and Fleger (1980).

PARAMETER

Character Size (minimum)
Graphic Symbol Size (minimum)
Resolution

Stroke Width
Height/Width Ratio
Contrast Ratio
Background Color
Font

Character Spacing

Case

Mis-registration

Frame Rate

Linearity

Display Aspect Ratio (width/height)
Viewing Angle

Bandwidth

Equipment Reaction Time
Line Density

Signal to Noise Ratio

RECOMMENDATION
12-15 arc minutes
20 arc minutes

10 raster lines or resolution units per
character

1:6 to 1:10 character height

5:7, 2:1 or 1:1

(minimum) 10:1; (preferred) 20-30:1
Black

Sans Serif/Futura Demibold

25-63% character height (horizontal)
50-100% character height (vertical)
Upper Case

+ 65% stroke width
(minimum) 7.5-15 frames per second
(minimum) + 1%; (preferred) + .2%
4:3, 5:7, 2:3

Not more than 30 degrees off perpen-

(max imum)

dicular axis
4.0-10.0 MHz

Less than 1 second
20 points/centimeter
(minimum) 100:1

IN SUMMARY, THE SIZE AND SHAPE OF CHARACTERS AND SYMBOLS USED ON THE VISUAL
INFORMATION DISPLAY SHOULD FACILITATE THEIR LEGIBILITY AND INTERPRETABILITY.
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327 DISPLAY TYPE

° THE PRESENTATION MEDIUM USED SHOULD BE LEFT TO THE DISCRETION OF
] THE AIRFRAME MANUFACTURER, ASSUMING THE SELECTED DISPLAY TYPE

3 MEETS/EXCLEDS THE GUIDELINES DESCRIBED FOR THE VISUAL INFORMA-

: TION DISPLAY

] Since the mid-1950's many researchers have forecast the replacement of the
] cathode ray tube (CRT) by newer, "solid-state" flat-panel displays. Today, ,
such forecasts seem even less 1ikely to come true; the CRT and flat-panel dis- i
plays have both improved, but flat-panei problems have proven to be more form-
idabie than first realized (Tannas and Goede, 1978).

e i D b Ly s T

In a study comparing CRT and flat-panel displays, Hatfield, Robertson and
Bates (1979) indicated that although CRT's are presently the best choice for
most aircraft applications, their inherent limitations {e.g., high voltage

I requirements, large volume, extra circuitry required to achieve corner edge
: focus, 1imited useful 1ife under high ambient 1ight conditions and implosion
hazards) will increase the desirability of using flat-panels in the 1990's.

oLtk s st i e v 1

IN SUMMARY, THE DISPLAY TYPE SHOULD BE LEFT TO THE DISCRETION OF THE AIRFRAME

MANUFACTURER; HOWEVER IT SHOULD MEET OR EXCEED ALL GUIDELINES LISTED IN THIS
SECTION.

s ol

3.2.8 TEST REQUIREMENTS

® PROVISIONS SHOULD BE INCLUDED TG TEST/VERIFY THE OPERABILITY OF THE
VISUAL INFORMATION DISPLAY

! As stated in Section 3.1.9, a mechanism should be used to test the operability

; of all of the components of the advanred aircraft alerting system.
Specifically, for the visual information display this test function should
include testing/verifying that:
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colors are present

characters and symbols are complete and legible
interactive functions are operational

lines of the display are active i
character spaces (display columns) are operational

3.29 RELIABII.ITY

® N THE EVENT OF A DISPLAY FAILURE THE DATA PRESENTED ON THE VISUAL |

INFCRMATION DISPLAY SHOULD BE CAPABLE OF BEING DISPLAYED ELSEWHERE IN
THE PILOT'S PRIMARY OR SECONDARY FIELD OF VIEW.

As stated earlier, the alerting system information is flight critical, and
therefore the components must be highly reliable. The visual components of
the alerting system should be designed so that the failure of any single
component will not degrade the operational utility of the alerting system or
of the aircraft. The system design must prcvide adequate redundancy to assure
that this requirement can be met. A positive indication should be provided on

et et XA ko S bt Lt
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the display to inform the aircrew of a display failure, or a failure

associated with the alerting system equipment.

For Boeing's new airplane programs, several methods were investigated for
providing this redundancy. In the B-757, a backup CRT display is provided to
annunciate alerting system messages/alerts in the event that the primary dis-

play fails.

panel to back up the alerting system display. Either of these methods will
provide the required component redundancy. For this reason, one or both of
these techniques should be incorporated in the design and implementation of
advanced alerting systems. However, the method used to attain system
reliability should be left to the discretion of the individual airframe
manufacturer.

IN SUMMARY,

INFORMATION DISPLAY SHOULD BE CAPABLE OF BEING PRESENTED ELSEWHERE IN THE
PILOT'S PRIMARY OR SECONDARY FIELD OF VIEW.

P W R,

The B-767 accomplishes this by using a dedicated annunciator

IN THE EVENT OF DISPLAY FAILURE THE DATA PRESENTED ON THE VISUAL
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3.3 TIME-CRITICAL WARNING DISPLAY

This section presents design guidelines for displaying time-critical warnings.
Time-critical warnings are a high-urgency subset of warnings (e.g., collision
avoidance, ground proximity, windshear) that require an unconditionally
immediate crew response to assure flight safety. Due to the extremely urgent
nature of these alerts and the limited time available for response, a
time-critical display is required, in addition t2 the other alerting compon-
ents.

Since many characteristics of the time-critical display (e.g., brightness,
reliability, flexibility, coordination with aural alerts) are basically
similar to these of the other visual elements, they will not be repeated in
this section. Only those characteristics unique to the time-critical display
are discussed in the following paragraphs.

3.3.1 PURPOSE

® THE TIME-CRITICAL DISPLAY PROVIDES THE CREW WITH DIRECT CUES FOR
RESPONDING TO THE HIGHEST-URGENCY LEVEL OF WARNINGS RELATING TO
FLIGHT SAFETY

For certain high-urgency situations, erough time may not be available to alert
the crew by conventional means., In a study of collision avoidance display
requirements, Parks (1979) found that a very short period of time (6 to 9
seconds) is available to respond to this type of time-critical warnings. If
this data is valid, then a separate time-critical display is required to
provide direct cues to pilots. Data obtained in simulator studies (Boucek, et
al., 1977, 1980, and the present study) indicate that approximately 5 to 8
seconds are required to detect and respond to warnings. In these studies the
responses required to correct the alerting situations were dramatically
simplified. For excmple, the response time began immediately after detection
and ended when the pilots began to take corrective action; in no case were the
pilots required to perform an entire sequence of actions tc remedy a problem.
For this reason, the data obtained in the simulator studies are an
underestimate of the times required to respond to and correct problems in an
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aircraft, Also, the fact that these studies were conducted in a simulator
tend to make the pilot responses faster than in an operational environment §
(e.g., the subjects were "primed" to respond to alerts; the alerts were time- i
compressed, in that significantly more alerts were experienced in a short
period of time; the subjects knew they were performing in an artificial i
_ environment and, therefore, stress did not affect their responses nearly as

E much as in the operational environment). For these reasons the data obtained
in these simulator studies provide a gross underestimatior of the time
required to respond to warnings in an aircratt. If the 5 to 8 seconds
obtained in the Boucek studies are truly underestimates of the time required
to respond to alerts, and if only 6 to 9 seconds are available to respond to
time-critical alerts (Parks, 1979), then present day alerting systems may not
enable pilots to respond quickly enough to avoid impending hazardous
conditions.

Cooper (1977) stated that response times can be reduced by as much as 6 to 9
seconds by providing pilots with direct cues to guide their responses. These
reasons seem to justify the inclusion of a time-critical display into advanced
alerting systems. The time-critical display must, therefore, provide direct
visual cues which not only convey information about the situation at hand, but

o M b e

also guide corrective action. 4

IN SUMMARY, A DISPLAY SHOULD BE PROVIDED TO FALILITATE THE RAPID DETECTION AND
RESPONSE REQUIRED FOR TIME-CRITICAL WARNINGS.

itiniiie,

332 LOCATION-NUMBER

® THE TIME-CRITICAL DISPLAY SHOULD BE LOCATED WITHIN "¢ PILOT'S
PRIMARY FIELD OF VIEW

o SEPARATE TIME-CRITICAL DISPLAYS SHOULD BE PROVIDED FOR EACH PILOT

Available data indicates that time-critical warnings should be displayed
within the pilot's primary field of view. In a survey conducted by Cooper
(1977), pilots stated "that the most urgent warnings should be located adja-
cent to the control involved in aileviating the warning", and that "these warn-
ings should not be lost in the middle of a central or master warning panel."

80




L L e L e

3
1
3

They also stated that "warnings related to aircraft control, such as 'PULL UP'

should be located adjacent to the instrument that the pilot is using, such as
the ACI."

The present program performed a test to identify optimum areas in the flight
station for the location ¢f time-critical displavs. A simulator evaluation
of two locations - one directly below the EADI, and one above the visual
information display was conducted. The data indicated that pilot detection
and response times were significantly shorter when the time-critical display
was located directly below the EADI, (see Figure 3.3.2-1). After the pilots
completed the simulations, they were asked which location they preferred. No
clear preference was expressed. However, a majority (70%) of these pilots
wanted the time-critical display to be integrated directly into the EADI.
They stated that since the EADI was the basic command instrument on the air-
craft it would make sense to integrate the time-critical guidance information
onto it.

For reliability and flight safety considerations, pilots indicated that a
separate display should be provided for each pilot to enable either one to

respond to the alert.

IN SUMMARY, TIME-CRITICAL DISPLAYS SHOULD BE LOCATED WITHIN THE PILOTS' PRIM-
ARY FIELD OF VIEW. A SEPARATE DISPLAY SHOULD BE PROVIDED FOR EACH PILOT.

33.3 FORMAT

o THE TIME-CRITICAL DISPLAY SHOULD PROVIDE GUIDANCE RATHER THAN
STATUS INFORMATION

[ GRAPHIC FORMATS SHOULD BE USED

[ COLOR CODING SHOULD BE USED TC AID THE CREW IN RESPONDING TO
TIME-CRITICAL WARNINGS

81

e B a3 et I 1 e i3 . A

ir e kb o i a bl mta

[T VPSSR U PP URUP B SR B PRSIV L)




TRy

e p——

RESPONSE TIME {sec)

PRESENTATION =» ALPHA

FORMAT

3.2

A
30
28}

STATUS

| T - - - -

2.6 }_ GUIDANCE \ -
N ,
N ’
N\ 7
N
24 }- v
0 1 1 | | i | L

DISPLAY LOCATION=» SECONDARY
A Average response to non-time-criticat alerts,
* Significant at 0.10 \evel

GRAPHIC* BOTH

ALPHA  GRAPHIC® BOTH*

PRIMARY
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e THE TIME-CRITICAL INFORMATION SHOULD BE ERASED WHEN CORRECTIVE
ACTIONS HAVE BEEN TAKEN, OR THE ALERTING SITUATION NO LONGER
EXISTS.

The format of the time-critical display differs from that of the visual
information display in that graphic or symbolic presentations can be used, and
only one alert can be presented at a time. Volume 1 of this report identifies
several variables that were related to the format of time-critical alerts.

The major findings are summarized below.

3.3.31 Guidance Versus Status Information Cues - Assessment of this variable
involved a comparison of pilot performance data as a function of whether the
information presented was guidance or status oriented. Figure 3.3.3.1-1 shows
these alternative concepts. The guidance presentation provided a direct cue
to guide crew action (e.g., indicated that the pilot should "DIVE" to avoid a
collision). The status presentation indicated that a hazardous condition
existed in the proximity of the aircraft (e.g., "COLLISION ABOVE"). The
status presentation provides a less direct cue because the pilot has to first
interpret the display before making a response (e.q., "COLLISION ABOVE" means
dive). The data obtained in this study indicated that pilots had shorter mean
detection and response times for guidance presentations (2.4 seconds compared
to 3.1 seconds for the status information), see Figure 3.3.2.-1. This data
agrees with Cooper (1977) who stated that the use of direct cues can decrease
pilot response times to alerts. Pilot preference data also favored the guid-
ance presentation.

3.3.3.2 Alphanumeric Versus Graphic Presentation Format - Investigation of
this variable involved a comparision of pilot detection and response times as
a function of the symbolcgy used to present the time-critical information.
Three conditions were investigated - graphic, alphanumeric, and a combination
of the two. Figure 3.3.3.1-1 displays these conditions. An example of the
type of information presented on the time-critical display would be the
corrective action necessary to avoid a mid-air collision. For this case the
appropriate display might be a pictorial representation of the surrounding
airspace, color-coded to show the direction of the threat. Direct cues
prompting the required evasive action would be backed up by a corresponding
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message on the time-critical display and by a verbal message, e.g.,"CLIMB."
The data indicated that the best performance (i.e., shortest detection and
response times) was obtained in those trials that used a graphic presentation.

3.3.3.3 Color - While color was not used as a variable in this study, pilot
preference data and standardization criteria indicate that red should be used
for the presentation of time-critical information. Red should be used for the
al phanumeric message (e.g., "PULL UP") and for the area on the display where
the hazard is located (e.g., the area below the own aircraft symbol on the
EADI and the arrow indicating the direction of contiol to avoid the hazard;
safe areas on the display should be colored green). These findings are
consistent with a study done by Parks (1979) investigating the use of cclor
coding for collision avoidance displays.

Although the present study investigated a wide variety of formats, it did not
compare all possible formats ap,ropriate for the display of time-critical
information. Moreover, several pilots in the study stated that they did not
like the graphics that were used because they werz cluttered, and they did not
provide sufficient emphasis on the action to be taken. For this reason, the
symbols used to direct the crew's response should be emphasized in the display
(e.g., brighter, larger). Further research is required to identify the
combinations of display variables that will produce the quickest and most
efficient responses to time-critical warnings.

As with the other components of the advanced alerting system, the information
on the time-critical display should be cleared automatically when the

appropriate action has been taken, or when the alerting situation no longer
exists.

IN SUMMARY, TIME-CRITICAL ALERTS SHOULD PRGVIDE GUIDANCE INFORMATIOMN TO DIRECT
CREW CORRECTIVE ACTIONS. GRAPHIC DATA SHOULD BE PRESENTED. THE DISPLAY
SHOULD BE COLOR CODED TO AID CREW ACTION. THE DISPLAY SHOULD CANCEL

AUTOMATICALLY WHEN APPROPRIATE CORRECTIVE ACTION HAS BEEN TAKEN, OR WHEN THE
ALERTING SITUATION NO LONGER EXISTS.
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3.3.4 DISPLAY SIZE

® THE TIME-CRITICAL DISPLAY SHOULD SUBTEND AT LEAST TWO SQUARE DEGREES
OF VISUAL ANGLE

As indicated in Section 3.1.7, the size of the master visual alert should
subtend a visual angle of at least one square degree. The time-critical
display should be larger to assure that the pilot's attention is immediately
drawn to it. Since the vast majority of alerts will consist of warnings,
cautions, and advisories, the pilots will develop a habit pattern of looking
at the visual information display after detecting an alert. To "short
circuit" this habit pattern the time-critical display should be at least twice
as large as the master visual alert.

In the present study, a time-critical display of two degrees visual angle was
used (1.5 x 1.5 inches). The pilots who participated in the study indicated

that the display size was large enough to immediately attract their attention
and to overcome their established habit pattern.

IN SUMMARY, THE TIME-CRITICAL DISPLAY SHOULD SUBTEND AT LEAST TWO DEGREES OF
VISUAL ANGLE TO IMMEDIATELY ATTRACT THE ATTENTION OF THE PILCTS AND TO MODIFY
THEIR HABIT PATTERN FOR RESPONDING TO NON-TIME-CRITICAL ALERTS.

3.3.5 RELIABILITY

® THE TIME-CRITICAL DISPLAY AND ITS ASSOCIATED SENSORS AND LOGIC SHOULD
BE HIGHLY RELIABLE

e SUFFICIENT REDUNDANCY SHOULD BE PROVIDED TO ENABLE THE FLIGHT CREW TO
RESPOND TO TIME-CRITICAL WARNINGS EXPEDIENTLY AND ACCURATELY IN THE
EVENT OF A SINGLE DISPLAY FAILURE

@ THE RELIABILITY OF TIME-CRITICAL WARNINGS INCLUDES NOT ONLY THE RELI-
ABILITY OF THE ALERTING SYSTEM HARDWARE BUT ALSO THE VALIDITY OF ITS
LOGIC (I.E., A TIME-CRITICAL WARNING SHOULD BE ANNUNCIATED WHENEVER A

TIME-CRITICA! ALERTING SITUATION EXISTS, AND NEVER WHEN ONE DOES NOT
EXIST)
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The warnings presently identified as "time-critical" are all associated with
aircraft flight path management. They also involve actions which must be
performed immediately for the safety of flight; the alert requires that the
pilot follow the guidance provided, e.g., "CLIMB RIGHT". Considering these
aspects, it is extremely important that the pilot have enough confidence in
the alert to respond without P.sitation. The only way that the alerting
system can achieve and/or warrant this confidence is to provide reliable
information to the crew.

Having highly reliable hardware is not enough to assure crew acceptance. It
is also necessary for the system to contain highly reliable alert logic; the
system should not tell the pilot to perform an unnecessary flight path change.
Therefore, since the time-critical warnings are directly associated with
flight management, the recommendea reliability should meet/exceed the
standards imposed on other cystems reiated to flight management.

One aspect of the hardwarc reljability is the display itself. A backup
capability must be provided in the event of failure. This requirement can be
met by providing separate displays fcr both pilots. A positive indication
should be provided to inform the aircrew of a failure in the time-critical
display or in associated equipment.

IN SUMMARY, THE RELIABILITY OF THE TIME-CRITICAL WARNING COMPONENT OF AN
ADVANCED AIRCRAFT ALERTING SYSTEM (INCLUDING BOTH HARDWARE AND SOFTWARE)
SHOULD BE VERY HIGH, THE TIME-CRITICAL WARNING DISPLAY SHOULD BE ACTIVATED

WHEREVER A TIME-CRITICAL ALERTING SITUATION EXISTS, AND NEVER WHEN ONE DOES
NOT EXIST.
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4.0 AURAL SYSTEM COMPONENTS DESIGN GUIDELINES

The aural components of an alerting system should include a master aural alert
and a voice information display. The master aural alert provides an
attention-getting sound for each urgency level. The voice information display
provides specific information that can be used as a primary or secondary
(optional) source for fault correction. This section contains guidelines for

the design and implementation of these two components of an advanced aircraft
alerting system.

4.1 MASTER AURAL ALERT

This section contains the guidelines for the master aural alert. The

following paragraphs describe the parameters that impact the detection of and
response to the master aural alert,

4.1.1 PURPOSE
[ THE MASTER AURAL ALERT SERVES TWO PRIMARY PURPOSES:

° TO ALERT THE FLIGHT CREW TO IMPENDING OR EXISTING DANGEROUS
SITUATIONS

® TO PROVIDE A PRELIMINARY INDICATION OF ALERT URGFNCY LEVEL

The master aural alert shouid provide a unique sound for each alert urgency
level, to obtain and direct the attention of the flight crew to the
information display(s). The primary utility of this alerting system component
lies in its attention demanding capability. In addition, the use of unique
sounds for each alert urgency level will provide the operator with a
designation of the general category (i.e., warning, caution, or advisory)
within which the signaled emergency lies. This is important when one
considers that the master aural alert will always be used in conjunction with
a visual information display upor which all alerts will be displayed. In high
visual workload conditions (e.g., final approach), the pilot can determine the
necessity of interrupting visual task activity with no alteration of visual
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scan. The unique sounds used to designate each urgency level will allow the
pilot to make this determination via the auditory channel. The pilot may then
read the specific alert message on the visual display, or if visual task
loading is quite high, activate a voice presentation which provides the same
information through the auditory channel.

In a recent study (Boucek, et al., 1980), pilot performance was improved when
a tone-visual system was employed. The alerting tone in conjunction with a
visual readout on an alphanumeric display was also preferred by a majority of
pilots when compared to other systems employing tone-voice, voice only, and
tone-voice-visual alert presentation formats. Although voice alerts contain
useful attention demanding characteristics, they do not provide any
information relative to alert urgency level. In addition, when voice alerts
are not preceded by an attention-getting sound, it is possible for the pilot
to miss the first few syliables of the voice message, because the human ear
does not respond instantaneously to sound. 1In 1979, Douglas Aircraft Company
administered an alerting system concepts questionnaire to 131 flight
operations personnel from various airlines. Seventy-one percent favored the
use of a precursor tone with voice alerts. In the ambient noise environment
that characterizes most commercial flight decks, an alerting tone or sound
will generally contain better noise penetrating characteristics than will an
independently employed verbal alert. An effective alerting system, then,
should precede all visual and verbal alert messages with a master aural alert.

The design of the master aural alert should take advantage of the inherent
properties of sound to increase its effectiveness. Where feasible, the selec-
tion of signal dimensions and their encoding should exploit the learned and
natural predispositions of the users, such as wailing signals being associated
with emergency conditions.

IN SUMMARY, THE MASTER AURAL ALERT SHOULD BE USED TO ATTRACT THE ATTENTION OF
THE CREW TO EXISTING OR IMPENDING DANGEROUS SITUATIONS, AND TO PROVIDE A
PRELIMINARY INDICATION OF ALERT URGENCY LEVEL.
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41.2 A "FQUENCY

) AURAL SIGNALS SHOULD USE FREQUENCIES BETWEEN 250 AND 4000 Hz. %

[ HIGH PRIORITY AURAL SIGNALS SHOULD BE COMPOSED OF AT LEAST TWO !
OIFFERENT FREQUENCIES SPACED WIDELY APART ?

® Tu MINIMIZE MASKING, FREQUENCIES DIFFERENT FROM THOSE THAT DOMIN-
ATE BACKGROUND NOISE SHOULD BE USED

The frequency at which an aural signal is presented will have a significant %
4 effect on its detectability as well as its perceived loudness. Although child- 3
; ren can detect sound with frequencies ranging from 0 to about 20,000 Hz, :
i maximum sensitivity is generally achieved in the range of 2000 to 4000 Hz §
] (Fletcher and Munson, 1933). As can be seen in Figure 4.1.2-1, midfrequency
sounds (2000 to 4000 Hz) tend to sound louder than either lower or higher

frequency sounds of the sam2 intensity. At low intensity levels, high :
frequency signals will sound louder than low frequency sounds of the same :
intensity. Conversely, at high intensity levels, all tones are perceived as
being equally loud, regardless of frequency. Thus, at low intensity levels,

Ty

3 it is possible to vary two properties of a sound by systematically altering
i its frequency, i.e., frequency and loudness level. By varying more than one
; dimension of the sound, a greater attention demanding capability is achieved.

Siegel and Crain (1960) found that a two tone auditory signal resulted in
significantly shorter reaction times than did the use of a single tone or a
light.

When using attention getting sounds in conjunction with voice alerts, it is
important to note that, just as it takes time for a sound to "build up" in the
listaners' ear, time is also required for sound to decay. High frequency

P sounds dissipate at a faster rate than do low frequency sounds. Therefore,
warbling or wailer type sounds used to precede high priority voice alert
messages should end with a high, rather than a low frequency sound compornent.
When steady alerting sounds are desived, the highest perceived loudness levels
w111 be achieved by using lower intensity sounds at frequencies between 2000
and 4000 Hz. For example, to present a pure tone of 80 phons (sound levels)
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Figure 4.1.2-1. Curves of Sounds of Same Perceived Loudnass (Fletcher and Munson, 1833)

at 100 Hz, an intensity leve) of approximately 74 dB is required. Conversely,
the same sound level can be achieved by employing a 4000 Hz tone with an
intensity level of only 66 dB.

Because high frequency sounds tend tc be more irritating than low frequencies,
care should be used in determining what frequencies to use in alerting system
applications.

Another aspect of signal frequency that impacts the detection of auditory

signals is that aging causes a progressive loss of hearing in higher
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Note: The audiogram at 20 years of age is taken as # basis of comparison. (From Morgan,
1943, after Bunch, 1929.)

Figure 4.1.2-2. Progressive Loss of Sensitivity at High Frequencies With Increasing Age

frequencies (see Figure 4.1.2-2). 1In addition, ear injuries can cause insensi-
tivities or deafness to selected frequencies. For these reasons, it is import-
ant that high priority alerting signals use a combination of frequencies to
produce a highly detectable sound. Further, since age causes loss in the
higher frequencies and the perceived loudness is greatest between 2000 and

4000 Hz, sounds between 250 and 4000 Hz would most likely be detected by the
majority of people.

The alerting sounds used should be as different as possible from the
sounds/frequencies that dominate the ambient background noise. Licklider
(1961) provides a useful guide for identifying ambient conditions under which
the aural alerting system should operate. Estimates of dominant frequencies
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information sources (e.g., ATC transmissions, electrical system interference,
power system hum). It may be necessary to ohtain the values for each flight
phase since different sound sources may make varying contributions to the
ambient environment as a function of time. Furthermore, the criticality of
some flight phases (i.e, final approach) may warrant more emphasis in terms of
noise spectrum analysis than others. So, to minimize masking, frequencies
different from those that dominate background noise should be used.

IN SUMMARY, AURAL SIGNALS SHOULD BE COMPOSED OF FREQUENCIES BETWEEN 250 AND
4000 Hz. HIGH PRINRITY SIGNALS SHOULD BE COMPOSED OF AT LEAST TWO DIFFERENT
FREQUENCIES SPACED WIDELY APART, AND TO MINIMIZE MASKING, FREQUENCIES OTHER
THAN THOSE THAT DOMINATE BACKGROL'. NOISE SHOULD BE USED.

4.1.3 INTENSITY

® AURAL SIGNALS SHOULD EXCEED AMBIENT NOISE BY 8+3 dB

® AUTOMATIC GAIN CONTROL SHOULD BE EMPLOYED TO MAINTAIN THIS
OPTIMUM SIGNAL-TO-NOISE RATIO

[ CONSIDERATION SHOULD BE GIVEN TO HUMAN TIME EXPOSURE LIMITS

4131 Intensity Versus Loudness - Before discussing the effects of
intensity on signal detection, the distinction between intensity and loudness
will be described. Intensity is a physicai measure of the energy level of a
sound transmitted per unit of time through a unit of area within some medium.
In terms of application to an alerting system, intensity refers to the level
of fluctuation above and below the normal atmospheric pressure with which
sound waves are propagated through th: air. Loudness, on the other hand, is
an attribute of the sound as hearc and reacted to subjectively by the
listener. Loudness is primarily dependent on intensity, frequency and the
sound reception characteristics of the human ear. In measuring loudness, it
is also important to distinguish between loudness level (measured in phons)
and loudness {measured in sones}. The phon provides a measurement of the
subjective equality of various sounds (see Figure 4.1.2-1) while the sone
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Teble 4.1.2.1-1. Noise-Emitting Activities and

Their Associated Loudness
Velues (Bonvallet, 1952)
Intensity Loudness
Noite source (d8) (sones)
Residential inside, quiet 42 1
Housshold ventilating fan 568 7
Automobile, 50 ft o8 14
“Quiet” factory ares 786 54
18-in sutomatic lathe 89 127
Punch press, 3 ft 103 B0
Nailmaking machine, 6 ft nm 800
Pneumatic riveter, 4 ft 128 3.000

describes the relative subjective loudness of different sounds. One sone is
defined as the loudness of a 1000 Hz tone at 40 dB. A sound that is judged to
be twice as loud as the reference sound has a loudness of 2 sones. In turn, a
sound judged to be one-half as loud has a loudness of one-half sone. Table

4.1.3.1-1 presents the loudness values and intensity levels for a variety of
noise sources.

4132 Maintenance of Optimum Signal-to-Noise Ratio - A number of available
guideline documents recommend a signal-to-noise ratio of 15 to 20 dB above
masked threshold (Van Cott and Kincade, 1972; MIL-STD-1472B, 1978; and,
Boucek, Veitengruber, and Smith, 1977). However, these recommendations are
rules of thumb and a requirement to accommodate the worst case conditions with
a single intensity which may result in alerting signal intensity requirements
that are too loud. The general consensus among pilots is that most aural
alerts currently in use in commercial aircraft zre too loud (Cooper, 1977).
For these reasons, an aural alerting adjustment capability may be required in
the flight deck. If such a capability is not provided, pnilot aggravation may
occur, accuompanied by possible ear damage.

Az a generai rule, a more intense sound is more likely to be deterved than a
quieter sound of the same frequency. However, the detectability of any parti-
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cular sound {s primarily dependent on background noise. For any given back- i
ground condition, there is an intensitly of a signal that will be detected 50% i
of the time by a particular individual. This level of intensity is referred ;
to as the threshold intensity. An increase of as little as 3 dB above this 3
threshold can result in nearly 100% detection. The relationship between fre- '
quency and loudness is illustrated in Figure 4.1.3.2-1.

Since auditory alerts will be used in an environment where the background
noise is constantly changing not only in amplitude but also in frequency, it
is important to determine what aspects of the background noise require
adjustments in signal intensity.

ST
e it sl i
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LOUDNESS, SONES

20 40 60 80 100 120 3
INTENSITY (¢B RE 0.0002 dyne/cm?)

Note: Subjective loudness in sones is represented vertically above the intensity-frequency plane.

; The heavy curves coursing from front to rear in the diagram are equal-loudness contours for
: pure tones.

Figure 4.1.3.2-1. Thrae-Dimensional Surface Showing Loudness ss a Function
of Intensity and Frequency (Stevens and Davis, 1938)
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Noise mixed with a signal tends to raise the detection threshold above the
“threshold in quiet". This effect is referred to as masking. For flight deck
applications of aural alerting signals, the effects of masking should be evalu-

ated for three types of ambient noise:

NOISE TYPE DISTINGUISHING CHARACTERISTICS

Pure tone Bandwidth = nominal frequency +0 Hz
Narrow-band noise Bandwidth = nominal frequency +45 Hz
Wide-band noise Bandwidth = wide spectrum

The masking effect of each of these types of ambient noise on aural alerts is
discussed in the following paragraphs.

Quantitative relationships batween the frequency of the masking noise and the
amount of masking of auditory signals of various frequencies as applied to
pure-tones are shown in Figures 4.1.3.2-2 to 4. In Figure 4.1.3.2-2, the
frequency of the masked auditory signals are given on the abscissa of each
graph. The ordinate presents the masking level, i.e., the amount above the
threshold-in-quiet, that the auditory signal must be elevated in the presence
of the masking tone. The number on each curve represents the intensity of the
masking tone, measured as the amount above the threshold-in-quiet level. The
lowest curve in Figure 4.1.3.2-3 gives the threshold-in-quiet values.

As an example, assuming the ambient noise consists of a 400 Hz pure masking
tone presented at 95 dB, determine the levels required of 200-, 400-, and
800-Hz auditory signals to achieve 50% detectability. The threshold-in-quiet
levels of these signals are 30, 15, and 6 dB, respectively (derived from
Figure 4.1.3.2-3); the 80 dB curve on the B = 400 Hz graph in Figure
4.1.3.2-2) must be used to determine the intensity required of these alerting
signals (95 dB Tone - 15 dB Threshold = 80 dB). Interpolation of these curves
provide the following results:
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Note: Number at top of each graph is frequency of masking tone. }
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Figure 4.1.3.2-2. Masking of One Tone by Another Tone (Wegel and Lane, 1924)
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AUDITORY DELTA TOTAL*
SIGNAL INTENSITY INTENSITY
FREQUENCY REQUIRED REQUIRED
Hz B dB
200 15 45
400 55 70
800 62 68

*Total intensity = DELTA intensity + threshold in quiet

Note that maximum masking of a pure-tone occurs when the~background sound is
of the same frequency range as the signal. Substantial masking also occurs
when the auditory signal is composed of frequencies higher than those in the

ambient environment. Lower frequency alerting signals are significantly less
subject to masking.

The masking effects of narrow-band ambient noise are similar to the effects
described above for a pure-tone environment. The primary difference occurs in
the shape of the curves (see Figure 4.1.3.2-3). For pure-tone ambient noise,
small dips occur in thes2 curves where the alerting signail frequency equals
the ambient noise frequency. These dips are due to beats produced by two
pure-tonas of slightly different frequencies. For narrow-band ambient noise,
these beats do not occur and the masking curves smooth out.

Thus far only the effects of pure-tone and narrow-band ambient noise on
auditory signals have been discussed. For flight deck applications, wide-band
noise effects must also be considered. Morgan, Cook, Chapanis, and Lund
(1963) state that masking effects of wide-band ambient noise are considerably
different than the masking effects of narrow-band and pure-tone ambient noise.
The evfects of wide-band noise extend beyond the spectrum of the noise itself.
The masking effect of wide-band noise that has the same intensity throughout
the spectrum (white noise) is approximately linear with respect to the
increase in intensity of the noise. This is apparent from the regular spacing
of the threshold contours in Figure 4.1.3.2-4. These are true thresholds -
not DELTA thresholds as used in the pure-tone discusssion. For wide-band
noise that does not have uniform intensity over the frequency spectrum, the
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ear has the ability to filter or reject the part of the noise that is outside %
a certain range around the signal, thus eliminating some of the noise and 1{
making the signal more audible. The width (in Hz) of this range is called the ]
"critical bandwidth" a:id varies dependent on the frequency of the signal being
used (see Figure 4.1.3.2-4). Morgan, et al., (1963) state tha% the threshold ;o
of a pure-tone alerting signal can be predicted if the spectrum of the noise
near the frequency of the tone is known. In making this prediction, it is
assumed that the masking is being done by the noise near the frequency of the
signal, that which 1ies in the critical bandwidth. When used to predict
masking, the critical bandwidth is defined so that the sound pressure level of
the noise in the critical band is equal to the sound pressure level of the A
signal at its masked threshold (the intensity where 50% of the signals are l
detected when noise is present). Morgan, et al., presented the following
procedure for predicting the masked threshold of an aural alert signal at any i
signal frequency in wide-band ambient noise: ﬁ

Tz Ll e d

1. Measure the level of the ambient noise at the frequency of the p
auditory signal. This includes ambient flight deck noise as well as c;
a representative sample of typical voice communications.

2. Correct this measured level for the wide-band effect by adding the {
10-1og value of the critical bandwidth (read directly from the left
ordinate in Figure 4.1.3.2-4).

Al | it e S0 ol

3. This corrected value is the masked threshold of the auditory signal.

|ttt 4 s o e ey i

The question remains as to how the pilots' attention can be obtained without
aggravation or injury. One possibility is to repeat the desired signal at
progressively increasing intensity levels until the pilot hears it. An essen-
tial part of this system would be a silencing switch (usually contained in the
alerting system as part of the master visual alert) which the user would press
to silence the signal as soon as it was heard and understood. This would
protect the pilot from exposure to the very intense repetitions. This arrange-
ment has a number of significant drawbacks, the most serious of which is the
introduction of delay into the alerting process. It would be undesirable to
present low level (and hence potentially inaudible) signals before those that
are effective, particularly for a time-critical warning.
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A more effective way of solving the problem could be to employ an automatic
noise gain control. This would provide for a constant signal-to-noise ratio
which would assure audibi]ity in all expected ambient noise conditions. It
would also prevent the occurrence of unnecessarily intense signals and,
thereby, reduce the pessihility of distracting pilots. Operating personnel
tend to place more importance on the attribute “nondistracting”, than a person
without much operationai experience might suppose. In an effort to
incorporate high atten:ion demanding value into a signal, it is éasy to create
signals that cperating personnel will judge to be prohibitively distracting.
In a recent study, a 99 percent intelligibility rate was achieved using both
male and female voice models at a zero signal-to-noise ratio (Kerce, 1979).
Volume 1 of the present study reported that in a subjective post-test
evaluation, the majority of the pilots questioned felt that an 8 dB
signal-to-noise ratio was acceptable. Since interpreting aural information is
more difficult than detecting its presence, a controlled signal-to-noise ratio
will aid in the elimination of the annoyance factor that is characteristic of
most present day alerting systems.

IN SUMMARY, AUTOMATIC GAIN CONTRCL SHCULD BE USED TO MAINTAIN AN INTENSITY
LEVEL OF 8+3 OVER THE CRITICAL BANDWIDTH AMBIENT NOISE.

4,1.3.3 Human Time Exposure Limits - Stevens (1951) presents a composite of
the work relating feeling to sound pressure levels (see Figure 4.1.3.3-1).
This work did not take exposure time into consideration. Eldred, Gannon, and
YonGierke, (1955) considered this aspect of the auditory environment when they
produced the limits set forth in Figure 4.1.3.3-2. As can be seen, the upper
1imit for sound tolerance is 135 dB. More important, however, is that there
is a time exposure limit, after which there is a risk of damage for
unprotected hearing. In developing an advanced alerting system, CONSIDERATICN
SHOULD BE GIVEN TO HUMAN TiME EXPOSURE LIMITS.

4.1.4 NUMBER OF SOUNDS

° THE NUMBER OF FLIGHT DECK ALERTING SOUNDS SHCULD BE LIMITED TO
THREE, ONE FOR EACH URGENCY LEVEL
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Figure 4.1.3.3-1. Determinations of Threshold of Audibility and

Threshold of Feeling (Stevens, 1951)

EACH SOUND SHQULD DIFFER FROM OTHER SOUNDS IN MORE THAN ONE
DIMENSION, (i.e., FREQUENCY, INTENSITY, LOUDNESS, ETC.)

THE SOUNDS SHOULD BE SELECTED TO REFLECT THE ALERT URGENCY LEVEL:

WARNING - ALTERNATING HIGH AND LOW FREQUENCY SOUNDS
CAUTION - STEADY-STATE SOUND
ADYISORY - SINGLE STROKE SOUND
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Figure 4.1.3.3-2. Damage Risk Criteria for Various Exposure Times Up to 8 hr (Eldred et. al., 1955) §
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There are three perceptual processes in tnhe reception of auditory stimuli:

1. Detection - determining when a signal is present

2. Relative discrimination - differentiating between two Or more
signals presented in close succession

Absolute identification - identifying a signal of some class,

Tap
w
.

(T

when the signal is presented alone

Clearly, the most difficult aspect of auditory information processing is j
absolute identification. Experimental testing has shown that humans can make
precise judgements about minute differences between stimuli (relative discrimi-
nation). However, they are limited in their ability to make absolute
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Jjudgements (Miller, 1956). Shower and Biddulph (1931) reported that under
ideal conditions, subjects could detect frequency differences as small as 2 or
3 Hz. Pollack (1952} had listeners make absolute identifications of tcnes of
different frequencies by assigning numbers to them. When only 2 or 3 tones
were used, the listeners never confused them, but with 5 or more tones,
confusion was frequent. Several available guideline documents recommend that
the number of discrete sounds used in an alerting system be limited to 3 to 5
(Erickson, 1978; MIL-STD-1472B, 1978; annd Van Cott and Kinkade, 1972).

Cooper (1977) surveyed the major airframe manufacturers and found that they
recoomend the number of audio warning signals be limited to 4 or 5.

In determining the number of sounds to use in the ale" .ing system, severa)l
points must be considered. The purpose of the maste aural alert must be
identified; consideration must also be given to the way pilots perceive and
respond to all the stimuli that are competing for their attention. Finally,
the attention-getting and stereotypical qualities of sounds must be examined
to determine appropriate usage.

As stated earlier, the master aural alert serves two functions; getting the
pilots attention and providing preliminary information about the urgency of
the alert. However, without accomplishing the attention-getting function the
alert is unable to perform the second. Therefore, the master aural for
immediate-attention alerts (warnings and cautions), should be designed with
primary emphasis on the attention-getting requirements and secondarily on
information content. The function of the advisory master aural, however, is
slightly different. Boucek, et. al., (1980) demonstrated that when alerts
were detected without a master alert to provide preliminary information, these
alerts were responded to differently than those that were accompanied by a
master attention-getter. The conclusion drawn from the results was that if
the pilot's scans were interrupted by the appearance of an advisory alert on
the visual information display, they would respond to the alert before
resuming their flight task. The time at which an advisory alert is most
1ikely to be detected is when it first flashes on the display. Therefore, it
is a function of the advisory master aural to provide the pilots with urgency
level information immediately so that if they have detected the alert, they
need not visually identify it as an advisory, thereby permitting the pilots to
decide when to respond.
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The difficulty with some systems which are designed to be used by human
operators is that too often, the design is developed using an approximation of
the "“ideal observer" toc dictate the requirements. In other words, the limits
for stimuli provided to the operator are derived under ideal conditions with a
passive observer. Under these conditions a model can be built which will
predict the point at which a stimulus will be detected all the time. Gibson
(1966 ) states that, "the notion of a vholly passive observer, an 'ideal' obser-
ver as called by sensory physiologists, is a myth". Observers in real situa-
tions have to be motivated to observc, and their attention fluctuates with
motivation. Consequently the idea of a statistical threshola has had to be
substituted for the idea of a psychophysiological threshold. It is therefore
worthwhile to consider one process that may affect the pilots motivation to
perceive the master aural alert. Gibson identified “"selective attention" as
one of the main perceptual processes. In an eventful enviromnment, such as
flying an airplane, the pilot cannot register everything at once, and his
perception must therefore become selective. In the face of this situation the
pilot develops a highly economical strategy of perception. According to
Gibson, "this strategy includes the ability to avoid distraction - to
concentrate on one thing at a time in the face of everything going on in the
envirorment - and yet to accomplish as much knowing as possible." He goes on
to state that, "as a result (of selective attention), the information
registered about objects and events becomes only what is needed, not all that
could be obtained." This information is then used to reduce the perceptions
to a manageable number of categories, with subcategories or cross-categories
being neglected. The determination of what information is needed is a learned
process. The pilot has an ability to assign "value" to each perception or
event and to filter out those with lower value when perceptually loaded. In
this "filtering" process the pilot may not consciously recognize that the
event has taken place. This process is illustrated by the chiming of a clock
which is well above the threshold of hearing but is rarely heard when other
activity is going on. Gibson states that, "all this discrimination, wonderful
to say, has to be based on the education of attention." The impact of
selective attention on the crew alerting system is very important and should
be recognized. If, in fact, the conditions and/or faults announced by the
system can be partitioned into different categories, and if the expected pilot
response differs for each of the categories, then the perceptual event (master
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aural alert) associated with each category should be unique so that the pilot
can assign a value to each event (alert). If the same alerting sound is used
for all urgency categories, its associated value will have a tendency to
reflect the category which occurs most often. This is relevant to an alerting
system because the most frequently encountered urgency category is the

advisory, which represents the lowest urgency level. Using the same sound for
warnings, cautions and advisories would tend o reduce the perceptual value of

the warning thus decreasi '\g the probability tnat it will get the pilots
attention, especially under high workload conditions.

Design of the auditory component of te alerting system should take advantage
of the inherent properties of sound to increase the effectiveness of the
system. Mudd (1961) developed a set of principles for auditory signals. He
stated that, "the efficiency of any yiven auditory display is dependent upon
the total situation in which the display is used....where feasible, the
selection of signal dimensions and their encoding should exploit learned or
natural relationsihips on the nart of the user such as wailing signals to
indicate emergency." The stercotypical nature of sounds was demonstrated in a
previous study where pilots were able to classify sounds with respect to the
urgency level impliec by the sound itseif (Boucek, et al., 1980). In support
of Mudd, intermittent or modulated sounds were most often said to connote
waining, and single stroke sounds such as a chime were most often identified

as advisory.

Mudd goes on tu rucommend that the same sound should designate the same
information 3t al! times. This display principle would not permit the same
sound to be used Tor all three levels of urgency.

When a signal has the primarv ;urvose to alert the pilot and a secondary
purpose to info.m "im of the urgency level, it is imperative that the design
be directed toward optimizing the alerting process. Due to the amount of
stimuli exis .ing on the flight deck, both visual and aural, it is necessary
for the pilot to selectively attend to these stimuli. This selection is done
with respect to the importance of the stimuli to the job. Since abnormal
conditions or faults can be separated into urgency cateyories, these
categories should each have a different signal to allow the pilot to separate
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them in tems of their relative importance. It is not sufficient to use the
same sound and merely change the number of repetitions for each urgency
category because it ;5 the sound itself that is the attention-getter, not the
number of repctitions. Furthermore, it has been demonstrated that the pilot's
value judgement can be facilitated by using a4 sound which can be
stereotypically associated with the urgency category it represents. For
example, the use of a chime for a warning level alert is especially
inadvisable because the combination of an advisory stereotypical meaning and
the greater proportion of advisories to any other alert - could have a very
strong impact on the pilots' perception and value judgement of the sound - and
could drastically affect his attending to a problem.

IN SUMMARY, THE NUMBER OF FLIGHT DECK ALERTING SOUNDS SHOULD BE LIMITED 10
THREE, ONE FOR EACH URGENCY LEVEL. EACH SOUND SHOULD DIFFER FROM OTHER SOUNDS
IN MORE THAN ONE DIMENSION, AND THE SOUNDS SHOULD BE SELECTED TO REFLECT ALERT
URGENCY LEVEL.

4.1.56 SOUND DURATION AND TONE-MESSAGE ONSET COORDINATION
® SIGNAL DURATION SHOULD VARY, DEPENDING ON THE ALERT URGENCY LEVEL
® AURAL SIGNALS FOR TIME-CRITICAL WARNINGS SHOULD BE APPROXIMATELY
0.75 SECOND IN DURATION. THE HIGH AND LOW FREQUENCY SOUNDS USED

FOR THIS SIGNAL SHOULD BE PRESENTED IN SUCCESSION, EACH BEING
INTRODUCED FOR 0.2 TO 0.3 SECOND AT A TIME

® FOR ALL OTHER WARNINGS, THE SOUND SHGULD BE CONTINUED UNTIL A
PILOT INITIATES AN OPTIONAL VOICE MESSAGE OR OTHERWISE CANCELS
THE SIGNAL

° FOR CAUTION LEVEL ALERTS, THE SIGNAL DURATICN SHOULD BE 1.2 TO
2.0 SECONDS

® THE ADVISORY SOUND SHOULD BE 0.6 TO 0.8 SECOND IN DURATION
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® THE “OFF" TIME BETWEEN THE ALERTING SIGNAL AND THE ENSUING VOICE
MESSAGE SHOULD BE AT LEAST 0.15 SECOND AND NOT MORE THAN 0.5
SECOND

In determining the duration of the alerting sound, there are two somewhat
conflicting constraints to consider. The sound must continue long enough to
assure proper detection and interpretation by the operator; and when used with
verbal alert messages, it must be brief enough so as not to delay the onset of
the critical voice message.

The ear does not respond instantaneously to sound. For pure-tones, it takes
approximately 0.2 to 0.3 second for the sound to "build up" (Munsor, 1947).
Wide -band sounds build up and decay more rapidly. To compensate for these
lags, auditory signals of less than 0.2 to 0.5 second in duration do not sound
as loud as those of longer duration. Adams, Humes, and Stevenson (1962) found
that low signal presentation rates have a detrimental effect on their
detection. To minimize the possibility of missed alerts, auditory signals
should be presented for at least 0.5 second, and THE DURATION SHOULD VARY,
DEPENDING ON THE ALERT URGENCY LEVEL.

By varying the duration of the alerting signals used for each alert urgency
level, it is possible to produce multi-dimensional signal variation (i.e.,
frequency and duration). In time-critical situations, the essential elements
of the voice message should be conveyed tc "he listener as rapidly as
possible. MIL-STD-1472B (1978) states tk : all essential information should
be conveyed to the pilot within the first 2.5 seconds of the identifying or
action signal. It is, therefore, recommended that for time-critical alerts,
the alerting signal and intervening "off" time be minimized to avoid
unnecessary delay. The multi-frequency characteristics of the alerting signal
should be sufficient to obtain the pilots attention. THEREFORE, AURAL SIGNALS
FOR TIME-CRITICAL WARNINGS SHOULD BE APPROXIMATELY 0.75 SECOND IN DURATION.
THE HIGH AND LOW FREQUENCY SOUNDS SHOULD BE PRESENTED IN IMMEDIATE SUCCESSION,
EACH BEING INTRODUCED FOR 0.2 TO 0.2 SECOND AT A TIME.
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SHOULD CONTINUE UNTIL THE OPTIONAL YOICE MESSAGE IS INITIATED BY THE PILOT, OR
THE SIGNAL IS OTHERWISE CANCELLED,

Caution level alerts require immediate crew awareness but, again, this should
not be done at the expense of safe flight management. Given that a caution
signal, optimized for rapid detection, is not detected by the crew, it can be
assumed that the workload level is too high for them to adequately attend to
the failure being annunciated. For this reason, the caution alerting signal
duration should be from 1.2 to 2.0 seconds, and should not be repeated for 8
to 12 seconds. This will allow the crew to attend to the high workload item
before being confronted again with the caution level alerting signal. As
mentioned earlier, the signal onset for all alert urgency levels will be con-
current with the appearance of the master visual alert, and the appropriate
message on the visual display unit. Due to the differing urgency levels for
warnings and cautions, it is reasonable to accept a slightly lower probability
of immediate aiert acknowledgement for 8-12 seconds in the case of cautions.
The present study demonstrated that the use of a master visual alert for
cautions (with no alerting sound) resulted in detection times of 1.0 to 1.5
seconds with fewer than one percent of these alerts being missed by the
pilots. FOR CAUTION LEVEL ALERTS, THE SIGNAL DURATION SHOULD BE BETWEEN 1.2
AND 2.0 SECONDS.

Since advisory level alerts dv not require immediate awarcness or action and
the function of identifying alert urgency level is required only when the
alert has been detected, it is acceptable for the master aural signal to be
low in attention-getting value and short in duration without repetition (i.e.,

a low chime). THE DURATION OF THE ADVISORY SIGNAL SHOULD BE 0.6 TO 0.8 SECOND.

In terms of cycle time between an alerting signal and the corresponding voice
message, it is imperative that sufficient time be allowed for signal decay.
In contrast to the 0.2 to 0.3 second required for pure-tones to build up in
the listeners' ear, it takes about 0.14 second for signal decay. Thus, to

assure adequate signal-voice separation, BETWEEN 0.15 AND 0.50 SECOND SHOULD
BE ALLOWED FOR "OFF" TIME BETWEEN THE ALERTING SIGNAL AND VOICE MESSAGE.
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4.1.6 LOCATION OF SOUND SOURCE

® DICHOTIC METHODS OF PRESENTATION SHOULD BE USED FOR AURAL ALERTS

o IF A SINGLE EARPHONE IS USED, IT SHOULD BE WORN ON THE DOMINANT
EAR

L THE ALERTING SYSTEM SOUNDS SHOULD BE PFRCEPTUALLY SEPARATED FROM
COMPETING SOUND SOURCES BY AT LEAST 90 DEGREES

o BROAD-BAND SIGNALS SHOULD BE USED WHEN LOCALIZATION IS NOT
POSSIBLE

The audibility of alerting signals is affected by its source relative to the
source location of competing sounds. An alerting signal precented together
with an unwanted sound or masking noise is easier to detect if the desired

signal emanates from one apparent azimuthal location and the noise from
another (Van Cott and Kinkade, 1972).

Egan, Carterette, and Thwing (1954) had subjects listen to messages under
monaural or dichotic conditions. It was found that dichotic listening provide
location cues that helped subjects discriminate between signals and noise. As
can be seen in Figure 4,1.6-1, the advantage of dichotic listening is equiva-
lent to an increase of up to 30 dB in signal intensity. However, this
increase should not be expected in a noisy environment where the pilot will
not be using dual earphones.

If the pilot is going to wear a single earphone and the aural signal is going
to be presented over the system, the pilot's "dominant" ear should be
identified., (The ear that receives messages better is referred to as the
dominant ear). Messages presented to the dominant ear are slightly more
likely to intrude upon attention than messages presented to the non-dominant
ear. Gopher and Kahneman (1971) used earphones to present one series of
numbers to the right ear and another series of numbers to the left ear of a
group of Israeli Air Force cadets and pilots. The subjects were required to
repeat one series of numbers and to ignore the uther series. An average of
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Figure 4.1.6-1. Comparison of Dichotic and Monaural Masking (Egen, et al., 1954)
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1.1% of the numbers that were to be ignored intruded and were repeated by the
test subjects. Most of the intrusions (74%) occurred when the numbers
presented to the right ear were to be ignored. The observed higher intrusion

rate for messages presented to the right ear is due to the majority of people
being right-ear dominant.

Therefore, auditory warning signals that are presented monaurally should be i
received by the dominant ear. This guideline may be overridden by operational
considerations which may require the captain to wear a earphone on the left
ear while the first officer wears it on the right ear to facilitate more
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efficient intra-cockpit roimunication. This being the case, the alert should
also be presented over a speaker.

Speith, Curtis, and Webster (1954) asked subjects questions about visual dis-
plays over loudspeakers to approximate an open (dichotic) situation. The
questions were always presented in simultaneous pairs, with each question in a
pair being preceded by a code name. The subjects were to answer the question
in each pair that was preceded by their code name and to ignore the other
question. Three loudspeakers were used to transmit the messages and were
separated from each other horizontally in 10° to 90° increments. A pair of
questions could either be transmitted from the same loudspeaker (single-source
condition) or from two different loudspeakers. when a pair of questions were
transmitted from the same loudspeaker, the subjects answered 66% of the ques-
tions correctly. The percentage of correct answers increased to 86% for 10°
to 20° separation and to 92% for 90° and 180° separation (see Figure 4.1.6-2).

100 -

DETECTABILITY (%)

20 |~

o L- ! 1 1 ! L 1
30 60 80 120 160 180

SEPARATION OF SOURCES OF SIGNAL AND BACKGROUND NOISE (deg)

Figure 4.1.6-2. Effect of Aural Alerting Signal Source Location (Speith, et al., 1954)
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The ability to localize a signal is also dependent upon its frequency. Mills
(1958) found that localization for pure-tones was optimum for frequencies
between 250 to 1000 Hz and between 3000 and 6000 Hz. Localization was poor
when frequencies between 1000 and 1500 Hz and at approximately 8000 Hz were
used. Broad-band signals are generally localized much better than pure-tones.
Thus, with dichotic listening, broad-band signals that can be localized easily
are more likely to be detected than signals that cannot be localized.

IN SUMMARY, DICHOTIC METHODS OF PRESENTATION SHOULD BE USED FOR AURAL ALERTS.
IF A SINGLE EARPHONE IS USED, IT SHOULD BE WORN ON THE DOMINANT EAR. IN
ADDITION, THE ALERTING SYSTEM SOUNDS SHOULD BE PERCEPTUALLY SEPARATED FROM
COMPETING SOUNDS BY AT LEAST 90°, AND FINALLY, BROAD-BAND SIGNALS SHOULD BE
USED WHEN LOCALIZATION IS NOT POSSIBLE.

4.1.7 CANCELLATION

° FOR TIME-CRITICAL WARNINGS, THE ALERTING SIGNAL SHOULD BE
FOLLOWED BY CONTINUED REPETITIONS OF THE APPROPRIATE VOICE ALERT
UNTIL IT IS CANCELLED OR THE PROBLEM IS CORRECTED

® FOR WARNING LEVEL ALERTS, THE ALERTING SIGNAL SHOULD CONTINUE
UNTIL THE PILOT MANUALLY CANCELS IT OR INITIATES THE OPTIONAL
VOICE MESSAGE

L FCR CAUTION LEVEL ALERTS, THE SIGNAL SHOULD CONTINUE THROUGH ONE

PRESENTATION AND CANCEL AUTOMATICALLY. [IF, AFTER 10 SECONDS, 1f

THE PILOTS DO NOT INITIATE THE OPTIONAL VOICE MESSAGE OR
OTHERWISE ACKNOWLEDGE THE SIGNAL, THE SIGNAL SHOULD BE REPEATED
AT 10 SECOND INTERVALS UNTIL SOME ACKNOWLEDGMENT IS MADE

® FOR ADVISORY LEVEL ALERTS, THE ALERTING SIGNAL SHOULD BE ?

PRESENTED ONCE AND THEN CANCEL AUTOMATICALLY
As soon as the operator perceives and interprets an alerting signal, it has

served its purpose and hence, should be discontinued. In attempting to assure
that the pilot does, in fact, perceive and correctly interpret the alerting
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signal, there are two opposing points to consider. The first is that the only
certain method for verifying perception of a signai is to require the operator
to take some pcsitive action to signify detection. Requiring the operator to
physically acknowledge the alerting signal is undesirable in time-critical or
high visual workload situations because it forces the pilot to take action
that does not contribute to expedient problem correction. The second point to
consider is that it would be equally undesirable for a signal to continue
after it was detected, since it can provide additional distraction and
confusion in an emergency situation.

R N SR A X

vVan Cott and Kinkade (1972) recommend that signals be provided with a manual
shut off capability, so that a signal will sound continuously until manually
cancelled or some corrective action is taken. In a survey of industry repre-
sentatives, Cooper (1977) found that most respondents preferred manual cancel-
lation of the alerting signal. In the supplemental tests reported in Voiume 1
a significant majority of the 25 commercial, and industry flight test pilots,
favored manual cancellation combined with automatic cancellation upon
correction or removal of the problem. A very small minority preferred some
type of attenuation, either automatic or manual. There was also a small group
who preferred automatic cancellation after a fixed number of repetitions. 'é

For time-critical warnings, it would be extremely undesirable to require the
pilot to acknowledge the alerting signal prior to initiating the corrective
action. Since voice should always be used as an action signal for time-

critical warnings, it will only be necessary to present the attention-getting B
sound once, followed by the voice message. The combination of the 3

intermittent warning sound and the voice message (repeated as necessary)
should assure pilot recognition of an emergency situation. The primary
rationale for only one repetition of the alerting signal in time-critical .
situations is that the need for immediate action obviates the requirement for
expeditious presentation of the action signal (in this case, a voice message).

Since most warning level alerts do not require unconditionally immediate
action, they all should not be treated with the same sense of urgency. In
general, time-critical warnings deal with flight management (e.g., control of
the aircraft) while the remainder of warnings address system management (e.g.,
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APU fire). Emergency system management situations such as engine fires
require immediate awareness and action, but should not in any way jeapordize
safe flight management. For this reason, the flight crew should be made aware
of these failures immediately and acknowiedgment should be made by cancelling
the alerting signal through manual initiation of the voice message, or by
simply cancelling the sound. This will facilitate immediate awareness of the
emergency situation while at the same time allow the pilot to perform more
critical flight management tasks before dealing with a system managemert
problem.

Caution alerts can be approached in the same manner as that for warni.;s, but
with a somewhat lower level of urgency. Immediate awareness and subu:guent
action are required, but, as with non-time-critical warnings, not at the

3 expense of safe flight management. If after 10 seconds, the pilot has not
initiated the optiona! voice message, or otherwise acknowledged the alert by
depressing the master visual switch-indicator, the aural alerting signal

F should be repeated. This should continue every 10 seconds until
acknowledgment has been made.

Immediate crew awareness and action are not required for advisory level

alerts. One iteration of the alerting signal should be provided, along with
presentation of the failure information on the visual uisplay. With this
arrangement, the alerting signal is introduced and contingent upon crew work-
load level, the information can be attended to at any time thereafter. No
crew acknowledgment should be required for advisory ievel alerts.

IN SUMMARY, THE MASTER AURAL ALERT FOR TIME-CRITIAL WARNINGS SHOULD BE
FOLLOWED BY CONTINUED REPETITION OF THE APPROPRIATE VOICE ALERT UNTIL IT IS
MANUALLY CANCELLED, OR CANCELS AUTOMATICALLY WHEN THE PROBLEM IS CORRECTED.
FOR WARNING LEVEL ALERTS, THE ALERTING SIGNAL SHOULD CONTINUE UNTIL THE PILOT
MANUALLY CANCELS IT, OR INITIATES THE OPTIONAL VOICE MESSAGE. FOR CAUTIONS,
THE SIGNAL SHOULD CONTINUE THROUGH ONE ITERATION AND CANCEL AUTOMATICALLY.
IF, AFTER APPROXIMATELY 10 SECONDS, THE PILOT DOES NOT INITIATE TH: OPTIONAL
VOICE MESSAGE OR OTHERWISE ACKNOWLEDGE THE SIGNAL, IT SHOULD BE REPEATED AT
PREDETERMINED INTERVALS UNTIL SOME ACKNOWLEDGMENT IS MADE. FINALLY, ADVISORY
LEVEL ALERTS SHOULD BE PRESENTED ONCE AND THEN CANCEL AUTOMATICALLY.
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4.1.8 RECOMMENDED SOUND CHARACTERISTICS

This section provides a summary of the recommended sound characteristics for
the master aural alert. As shown in Table 4.1.8-1, the sounds used for the
three urgency levels should vary in frequency and duration. Although all
sounds may come from the same frequency range, it is important that different
frequencies within the range be used for each sound. The specific frequencies
used should be dictated by the ambient noise environment within the flight
deck.

The onset of the master aural alert should, in all cases, coincide with the
presentation of the alert on the visual information display; and for warnings
and cautions, the master aural and visual alerts should be activated
simultaneously. The intensity and sound source location should be the same
for all alert urgency levels, while the method used for alert cancellation
should depend on the alert urgency level.

4.2 VOICE INFORMATION DISPLAY

This section contains guidelines for the design of the voice information
component of an advanced alerting system. The factors that contribute to the
effectiveness of voice alerts are addressed in the following pages.

4.2.1 PURPOSE

o VOICE MESSAGES SHOULD BE USED WHEN RAPID ACTION IS REQUIRED

° VOICE MESSAGES SHOULD BE USED, WHEN NECESSARY, TO TRANSFER WORK-
LOAD FROM THE VISUAL TO THE AUDITORY CHANNEL

For most flight deck applications, an alerting system containing master visual
and aural alerts along with a visual information display will provide an
effective means for facilitating fault awareness and correction. In a recent
study by Boucek, et al., (1980) eight airline qualified pilots were required
to attend to failure situations and ATC communications while flying a

1?7
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Table 4.1.8-1. Recommended Characteristics for Master Aural Alerting Sounds

Onset coordination Location
z::"’"cy Frequency Intensity | Duration :""::‘t mmxr‘" ::u s::;nd Cancellation
information display §
Warning | Two alternating 5 to 10 dB | Approxi- Simultaneous Percaptusl| Automatic, followed A
{time- frequencies in the | sbove mately separation | by voice alert .
1 critical}) | 400- to 1000-Hz | ambient | 0.75 sec of at least .
] range, sepurated 90 deg '
: by at least 300 Hz
F Warning | Same as time- 5 to 10 dB |Continues Simultaneous Perceptual | Manual, by depression
critical warnings | above until separation | of master visual switch
1 ambient cancelled of at least | or initiation of
3 90 deg optional voice message
3
s Caution | Two concurrent 5to 10dB [1.2t02.0 Simultaneous Perceptusl | Cancels automatically
frequencies in the | above sec separation | after one presentation;
300- to 15600-Hz ambient of at least | repeats at 8- to 12sec
i range 90 deg intervals until some
acknowledgment is
made
Advisory | One frequency in | 5 to 10 dB |0.6 to 0.8 | Simultaneous with Perceptual| Automatic after one
the 300- to 1200- | above sec presentation of saparation | presentation
Hz range ambient information on visual | of at least
information display | 90 deg -
(no master visua! ~ ]
alert) § .
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simulated approach using head up display symbology. The alerting modes
(formats) tested in this study included the following:

Tone-Visual - A master aural alert preceded by a visual readout
on an alphanumeric display

Tone-Voice - A voice message preceded by a master aural alert

Yoice-Only - A voice message with no precursor tone

Tone-Voice-Visual

A master aural alert presented concurrently with a
visual readout, with the tone being followed by a
voice message

Figure 4.2.1-1 illustrates the resprnse times that were generated using the
four alerting modes under high and low auditory workload conditions, which
consisted of concurrent and non-concurrent presentations of ATC communications
and fault messages. Although response times using the tone-visual mode were
shorter than those recorded for the tone-voice-visual mode under high auditory
workload, this difference was not statistically significant. The tone-visual
mode resulted in fewer errors on the ATC recognition task (see Figure 4.2.1-2)
«hen pilots were required to read back the essential elements of the ATC
message, although fewer serious errors were made when the voice component was
included (serious errors were defined as instances where the pilot did not
hear the ATC communication or read it back incorrectly).

Inspection of Figures 4.2.1-1 and 4.2.1-2 reveals that, in low auditory

w ‘kload conditions, the addition of a voice component to the alerting system
resulted in shorter response times and fewer ATC recognition errors for both
.:gh and low visual workload conditions. Regarding ATC recognition errors, it
should be remembered that time-critical warnings represent the most important
activity the pilot should be engaged in at that time; so ATC message
recognition should be subordinated to safe flight management until the
alerting condition is corrected or accommodated.

In time-critical situations, the addition of a voice component will enhance
alerting system effectiveness. In the present study response times were
consistently shorter for time-critical warnings when voice alert messages were
used. Voice alert messages are effective in reducing workload in high stress
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TONE-VOICE

VOICE ONLY
TONE-VOICE-VISUAL
TONE-VISUAL

NONCONCURRENT CONCURRENT

Figure 4.2.1-1. Response Time as & Function of Alerting Mode and ATC Message Timing;
Combined Data for High- and Low-Turbulence Levels
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VOICE-
VISUAL
TONE-
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Figure 4.2.1-2. Percent Error on ATC - ognition Task as Function of Alerting

Mode and ATC Message Timing, Combined Data for High- and
Low-Turbulence Levels
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situations (Van Cott and Kinkade, 1972). They are also useful for conveying
high priority messages because the operator can be provided with essential
information in a short period of time, without altering scan patterns. This
feature could be quite valuable in high visual workload conditions (e.g. final
approach and fina' takeoff).

Van Cott and Kinkade (1972) provide a number of situations that lend them-
selves to the successful utilization of voice messages:
1) When flexibility is required
2) When the message source needs to be identified
3) When listeners are without special training in ccded signals
4) When there is a necessity for rapid 2-way exchanges of information
5) The message deals with a future time requiring some preparation
(i.e., the countdown preparation to firing a missile where total
signals could be miscounted)
6) When situations of stress might cause the listener to "forget" the
meaning of a code

Items 1, 3, and 6 are particularly relevant to the flight deck alerting
system. The use of voice will enhance the effectiveness of the alerting
system under some but not all conditions; therefore, verbal messages, when
applied properly, will add to the effectiveness of the system. Pilots are
required to remember the meanings of the various sounds that comprise the
aural component of most conventional alerting systems. In present day
commercial aircraft, there may be as many as 17 discrete aural alerts. This
point was discussed earlier in the document and a recommendation was made
regarding the number of discrete sounds (3) to be used. However, the high
level of stress that may be induced by a multiple failure or time-critical
situation may cause the pilot to temporarily "forget" the meaning of a
particular sound. So, for extremely time-critical situations, voice messages
may be considered a necessity while in situations of lower time priority, they
may be used selectively to reduce workload. These recommendations are also
supported by the werk of other researchers who found that the use of voice
alerts significantly reduce response times, especially during periods of high
workload or stress (Pollack and Tecce, 1958; and, Kemmerling, Geiselhart,

Thorburn, and Cronburg, 1969).
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IN SUMMARY, VOICE MESSAGES SHOULD BE USED IN TIME-CRITICAL SITUATIONS AND WHEN ;
REQUIRED TO TRANSFER WORKLOAD FROM THE VISUAL TO THE AUDITORY CHANNEL. '

4.2.2 SPEECH GENERATING TECHNIQUE

° THE BEST SPEECH GENERATING TECHNIQUE AVAILABLE SHOULD BE USED TO
PRESENT VOICE MESSAGES

e EMPIRICAL TESTING SHOULD BE USED TO ASSESS THE INTELLIGIBILITY
OF THE VOICE MESSAGES USED

o SV PSS SO DN S P10

Presently, there are two approaches that can be taken in developing a voice .
information display. The first is to use voice modeling, where actual human i
speech recordings of alert messages are digitized and stored until needed. In
contrast to this methcd, phoneme synthesis uses a digital voice synthesizer to
generate messages by combining distinct phonemes. Each methodology has assets
and 1iabilities. The voice modeling technique can provide a very close approxi-
mation to human speech. It is relatively easy to understand because the inher-

[ T TP R L st e

ent properites of human speech are clearly represented (e.g. intonation,
pitch, etc.). The problem with this technique is that a relatively large
amount of computer storage is required. Present day techniques can store
digitized speech using approximately 3200 hits for one second of stored ]
speech, or 1oK bits per word in read only memory (ROM). Phoneme synthesis, on
the other hand, requires only about 100 bits per second of ROM. Presently,
the major drawback of phoneme synthesis is that the voice reproduction is not
realistic because many of the human voice characteristics contained in "real
world" speech are not reproduced.

In surveys conducted to assess industry attitudes toward voice alerting

systems, Douglas Aircraft found that a majority of domestic and Far Eastern
airline representatives favored voice modeling over phoneme synthesis. In the
Far Eastern survey, 84% of the pilots, engineers, and training specialists
questioned preferred either male or female voice modeiing over phoneme syn-
thesis. This preference was stronger in the domestic survey, where 91%
favored voice modeling.
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Kerce (1979) conducted a study to compare phoneme synthesis and voice
modeling. A total of 64 test subjects were instructed to record each alert
message manually as it was presented to them through wall mounted speakers in
a2 sound proof demonstration facility. Using a number of signal-to-noise
ratios, she found that performance with the synthesized messages was
substantially worse when signal-to-noise ratios were held at 0 and -5 dB.
These results are illustrated in Figures 4.2.2-1 and 4.2.2-2. As can be seen
in these figures, a signal-to-noise ratio of +5 dB does not produce a
significant performance difference between voice modeling and phoneme

synthesis, although overall performance was slightly better with voice
model ing.

At present, the number of voice warnings that will be used as part of an
advanced alerting system will be small enough so that the memory requirements
associated with voice modeling should not be prohibitive. It is anticipated
that continued development and improvement of the phoneme synthesis technique
will make it a more viable alternative for incorporation into flight deck
alerting systems.

IN SUMMARY, THE BEST SPEECH GENERATING TECHNIQUE AVAILABLE SHOULD BE USED TO
PRESENT VOICE MESSAGES, AND EMPIRICAL TESTING SHOULD BE USED TO ASSESS
INTELLIGIBILITY.

4.2.3 VOICE MODEL

® THE VOICE CHARACTERISTICS SHOULD BE HIGHLY DISTINCTIVE AND
INTELLIGIBLE

o EMPIRICAL TESTING SHOULD BE USED FOR VOICE MODEL SELECTION

At present, the consensus among industry representatives is that voice
modeling is superior to phoneme synthesis as a method of producing voice
alerts. This finding is supported by the results of objective evaluations
(Kerce, 1979). In the two surveys that Douglas Aircraft administered to the
airlines, respondents were presented with voice messages generated by phoneme
synthesis, and by male and female voice models. The results are shown in
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Table 4.2.3-1. Voice Model Preferences of Domestic and Far Eastern Airline Representatives

® Question: Which voice would be most distinctive in a cockpit onv;ronmont?

Design options Percent Total Pilot Nonpilot
Male 8 7 6 1
Domestic airlines Fernale 83 72 62 10
Synthesized 9 8 ] 2
Male 26 20 16 5
Far Easte:n airlines Female b8 44 37 7
Synthesized 16 12 8 4
-

In che past, most operational personnel felt that a Temale voice would be best
suited for the presentation of verbal alert messages because the presence of
females in the flight deck as well as the ATC centers was relatively rare,
thus making it quite distinctive for alerting system application. However, as
more and more females become active in air transport (both as pilots and ATC
personnel) this advantage will disappear.

Kerce (15979) conducted two studies that compared the relative intelligibility
of voice models. The results indicated that the female voice was more

intelligible than the male voice and that both were more intelligible than a
synthetic voice.

T
Kerce went on to say that a fem;ﬁe voice will generally be more intelligible
than a male voice when both have been optimized through careful selection and
recording. However, voice characteristic selection should be based on
empirical testing or detailed spectral analysis of the voice model and ambient
noise environment to assure that the voice characteristics ctosen are
distinctive and intelligible. Empirical testing can be carried out using
standardized tests of speech intelligibility, in conjunction with noise tracks
of background sounds that represent the ambient noise environment of the
particular aircraft. Two such tests are the Modified Rhyme Test (MRT) and the
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Harvard Phonetically Balanced (PB) Word List. The MRT consists of 50 six-word
sets, each one comprised of rhyming monosyllabic words of the form CVC or CVVC
where C is any consonant and V is any vowel. The PB lists consist of
monosyllabic words in which the frequencies of occurrence of various
fundamental speech sounds are proportional to their frequency of occurrence in
everyday speech. These tests can be used to select the most effective voice
models when a large number of models are available. When making the final
selection of a voice model from a small number of candidates, laboratory tests
should employ a representative set of voice messages and the signal-to-noise
ratio should be systematically varied through an operationally relevant range.

Schedule and budget constraints may prohibit the use of comprehensive
laboratory testing of a large number of voice model candidates. The Articula-
tion Index (AI) represents an alternative to this method. This technique
involves the comparative analysis of time-averaged spectrograms obtained from
calibrated records of synthesized speech, with ambient noise spectograms based
on available acoustic data that represent the ambient flight deck environment.
The difference between signal and noise amplitudes in selected frequency bands
are combined according to an empirically derived weighting scheme which yields
an index value. This index value may then be converted to a prediction (in
percent) of successful intelligibility. The Al was used successfully in a
study by Kerce (1979) where actual intelligibility scores were compared to

those that were estimated using this method. The results are illustrated in
Figure 4-203-1-

IN SUMMARY, THE VOICE CHARACTERISTICS USED TO GENERATE VOICE ALERTS SHOULD BE
DISTINCTIVE AND INTELLIGIBLE. SELECTION OF THE VOICE CHARACTERISTICS SHOULD

BE DONE THROUGH EMPIRICAL TESTING TO ENSURE THE INTELLIGIBILITY OF THE VOICE

COMPONENT OF THE ALERTING SYSTEM.

4.2.4 VOICE INFLECTION

[ VOICE MESSAGES S40ULD BE PRESENTED USING A MONOTONE INFLECTION

Very little work has been done to determine the relative effectiveness of
various inflection patterns. To the authors knowtedge, no objective

127

Kl o

oA G i B i 2 s S Bl

Y

i




o A, BT TR TR 6T T A T s

Legend:
O Actual 3
O = = O Predicted
100 MALE VOICE MODEL 100 FEMALE VOICE MODEL
80| 8o}
5 F 5 + ;
W w o
& 60l & sol i
3| 8 |
3 b - N
3 Q O 3
A [+ 4 o b
g T g T
] 20} b1 ] o i
3
4 i -
4 l 1 |
| ° 710 0 ° 210 0 i
g SIGNAL-TO-NOISE RATIO (dBA) SIGNAL-TO-NOISE RAYIO (dBA) i
3 ‘3
i RECORDED HUMAN SPEECH 3
3 SYNTHESIZED VOICE (PB WORD LIST) 3
s 100 100
= r—- 13
5 o ot
} 5 | '5 N :
3 ] w 4
« «
c 60 c 60k R
o) o ,
o L (3] L ]
= £
N E
8 401 3 40 r'
_ 13 - & 3
- & g
E 2 2} ;
¢ = = ;
1
1 0 l ;
i -10 0 -10 0 ]
SINGAL-TO-NOISE RATIO (dBA) SIGNAL-TO-NQISE RATIO {dBA) 3
Note: Background noise includes a conflicting speech source.
Figure 4.2.3-1. Comparison of Actual Intelligibility Scores and Estimated Values
Based on Articulation Index (Kerce, 1979)
Jg

128




o

T T T

5 TR L T T T o T i Y

performance studies have been done and very limited subjective data have been
collected on voice inflection. As part of the Douglas Aircraft survey
mentioned earlier, airline representatives were asked which type of voice
inflection should be used for voice messages. About half of those questioned
felt that the inflection should vary with the urgency of the alert, while the
remainder preferred either a monotone, conversational or urgent intonation.
Varying the voice inflection with the alert priority level would require the
incorporation of various degrees of urgency into the voice inflection. 1In
developing these guidelines, it was felt that an urgent sounding message for
time-critical warnings might contribute additional stress into an already
tense situation. In addition, less than seven percent of those questioned
actually felt that an urgent voice inflection would be appropriate. The
priority coding provided by the three distinct master aural alerts was seen as
a more effective means for presenting aural information on alert urgency
level. Douglas Aircraft chose a monotone inflection for use in the DC-9-80
voice warning system; this was received positively by both customers and
flight operations personnel. One potential advantage of a monotone inflection
is that it may take less time to annunciate the various phonemes when compared
to a conversational intonation because of the natural pauses that are
characteristic of conversational speech. Since voice alerts should be used
primarily in time-critical situations where expeditious presentation of the
essential message elements is importart, the use of a monotone inflection for
a voice warning system is appropriate.

TO SUMMARIZE, THE VOICE INFORMATION DISPLAY SHOULD USE A MONOTONE INFLECTION
FOR ALL VERBAL ALERTS. THIS WILL ALLOW THE MASTER AURAL ALERT TO FUNCTION AS
THE MAIN PRIORITY CODING DEVICE FOR AURAL MESSAGES.

425 INTENSITY

o VOICE MESSAGES SHOULD BE PRESENTED AT AN INTENSITY OF 8+3 ABOVE
THE AMBIENT NOISE LEVEL

[ AUTOMATIC GAIN CONTROL SHOULD BE PROVIDED TO MAINTAIN THIS
SIGNAL-TO-NOISE RATIO
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The same guidelines provided for the intensity of the master aural alert
should be applied to the voice information display.

4.2.6 LOCATION ¢~ SOUND SOURCE

o DICHOTIC METHODS OF PRESENTATION SHOULD BE USED FOR VOICE
MESSAGES

@ IF A SINGLE EARPHONE IS USED, IT SHOULD BE WORN ON THE DOMINANT
EAR

o THE MESSAGES SHOULD BE PERCEPTUALLY SEPARATED FROM COMPETING
SPEECH SOURCES BY AY LEAST 90 DEGREES

The guidelines provided for master aural alert source location should also be
applied to the voice information display.

4.2.7 ONSET COORDINATION

° THE “OFF" TIME BETWEEN THE ALERTING SIGNAL AND VOICE MESSAGE
SHOULD BE AT LEAST 0.15 SECOND AND NOT MORE THAN 0.5 SECOND

® FOR TIME-CRITICAL WARNINGS, THE ALERTING SIGNAL AND ESSENTIAL

ELEMENTS OF THE VOICE MESSAGE SHOULD BE CONVEYED IN 2.5 SECONDS
OR LESS

For background information on these guidelines, refer to Section 4.1.5: SOUND
DURATION AND TONE-MESSAGE ONSET COORDINATION.

4.2.8 MESSAGE CONTENT, FORMAT, AND SYNTAX

e FOR TIME-CRITICAL WARNINGS, THE VOICE ALERTS SHOULD PROVIDE
GUIDANCE INFORMATION

L FOR THE REMAINDER OF WARNING AND CAUTION ALERTS, THE VOICE
MESSAGES SHOULD STATE THE NATURE AND LOCATION OF THE PROBLEM
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[ VOICE MESSAGES SHOULD BE CONSTRUCTED OF SHORT PHRASES THAT
CLEARLY IDENTIFY THE PROBLEM OR ACTION TO BE TAKEN

° VOICE MESSAGES FOR TIME-CRITICAL WARNINGS SHOULD GENERALLY CON-
TAIN 2 ELEMENTS (ACTION AND DIRECTION) WHILE VOICE MESSAGES FOR
OTHER ALERTS SHOULD GENERALLY CONTAIN 3 ELEMENTS (GENERAL
HEADING; SUBSYSTEM OR LOCATION; AND NATURE OF THE EMERGENCY) THE
STANDARDIZED STRUCTURING OF THESE ELEMENTS, WHILE DESIRABLE,
SHOULD BE SUBORDINATED TO A CLEAR STATEMENT OF THE PROBLEM OR
ACTION TO BE TAKEN

! 4281 Message Content (Status/Guidance). Very limited data exists on the
relative merits of providing status or guidance information to the crew when a
fault condition exists. Ideally, the pilot should be able to absorb all avail-
able data pertaining to a failure condition, assimilate it and decide on the
best course of action. There may be instances, however, where the criticality
of the situation and severe time constraints will not permit this mental data |
processing to occur. It should be understood that a situation general.y ;
becomes critical when the maximum time available for action approaches the
minimum time required for safe removal or accommodation of the failure

i condition. If the time available for information processing decreases to the
point where an effective decision cannot be made, the pilot will require

F assistance in the form of automated information processing, or response

JRe—

automation. Unfortunately, conventional sensor capabilities do not allow the
pilot sufficient time to process information in all cases where impending
catastrophies exist. For these cases, the system designer has two options.
If there is only one possible corrective action that can be taken in a
particular situation, that action can be automated and thus, taken out of the
pilots' hands. The other option is to let the pilot know what the action is
f and advise him to carry it out immediately. The determination of which is

. } most appropriate (status, guidance or automation) should be made based on the :
- previously discussed relationship between maximum time available and minimum
response time requirements.

el B0 8 s
!

In the present study pilots were provided with both status and guidance
information for time-critical alerts. In addition to the significant
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performance benefits associated with the use of guidance, 13 of the 14 pilots
who participated preferred guidance over status information for the display of
time-critical alert messages. Guidance information should be displayed only
when it is clear that failure to take a specific corrective action immediately
will result in a hazardous condition that will severely jeopardize flight
safety.

IN SUMMARY, TIME-CRITICAL WARNING MESSAGES SHOULD GUIDE THE CREW IN TAKING THE
APPROPRIATE CORRECTIVE ACTION. FCR THE REMAINDER OF WARNING AND CAUTION LEVEL
ALERTS, THE VOICE MESSAGES SHOULD PROVIDE A DECLARATIVE STATEMENT OF THE
NATURE AND LOCATION OF THE PROBLEM.

428.2 Message Format. There are a number of formatting characteristics
that will impact the intelligibility of and reaction to voice alert messages.
The frequency of use and length of a word will significantly effect its
intelligibility (Howes, 1957). Howes also found that observers experience
with a word as a distinctive unit appears to be a primary determinant of its
intelligibility. Figure 4.2.8.2-1 shows the relationship between word
frequency (of use) and intelligibility at various signal-to-noise ratios. As
can be seen, both word length and frequency have a significant effect on
intelligibility. Thus, it is strongly w>commended that the vocabulary used
for voice messages be representative of standard flight deck nomenclature and
conventional pilot usage. Simpson (1976) states that highly discriminable
keywords or phrases should be used such that the messages are easily
understood with as little demand on pilot workload and attention as possible.
Several studies have been conducted to determine whether additional syllables
or words, or a sentence context would increase intelligibility. The results
of these studies indicate that linguistic redundancy facilitates the
comprehension of aural messages and tends to reduce response times. Hart and
Simpson (1976) found that aural messages presented in a sentence format were
more intelligible than two-word messages and required fewer repetitions for
comprehension. Simpson (1976) presented synthesized mono- and polysyllabic
keywords and sentence-length messages to airline pilots under several
signal-to-noise ratios. She found that sentence messages consisting of
monosyllabic keywords were responded to more accurately, over a wider range of
signal-to-noise ratios (see Figure 4.2.8.2-2). Polysyllabic words did not
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theoretical values caiculated from the word-freaquency effect.

Figure 4.2.8.2-1. Empirical Functions Relating Critical Speech-to-Noise Ratios to Word Length
at Four Different Ranges of Word Frequency (Howes, 1957)

show this tendency; scores for both sentences and isolated words were
approximately the same (see Figure 4.2.8.2-3). These data seem to indicate
that pilots need some "warmup" or alert to provide time to receive the verbal
message rapid'v and accurately; the monosyllabic words did not give the pilot
enough timc iu prepare for message reception. Response time results for these
data are shown in Figure 4.2.8.2-4.

Using low information emitting words to precede the critical message elements
of a voice message serves the purpose of demanding crew attention. It does
not, however, provide any information on alert urgency level. Another problem
associated with thi~ noproach is that the potential for mutual interference
between o fferent -uu.ces of voice communications is increased as more words
are added to the voice warning vocabulary. The use of brief keywords in
phrases allows the system designer to develop the structure and content of
aural messages such i~ they will be similar to the messages presented on the
visual information - ,iay. In the operational flight deck environmeni, the
frequency of alert message annunciations will be far lower than that for a
typical simulation study. It may be that the attention getting value of
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precursor sounds will increase as the frequency of alerts decreases, primarily
because of their unique noise-penetrating characteristics.

IN SUMMARY, VOICE MESSAGES SHOULD BE CONSTRUCTED OF SHORT PHRASES THAT CLEARLY
IDENTIFY THE PROBLEM OR ACTION TO BE TAKEN.

4283 Message Syntax. In determining an appropriate syntax to use in struc-
turing voice alerts, the elements of the message should be arranged so as to
clearly state the problem and/or action to be taken. In presenting situation
(or status) alerts, three elements should be included in each message: The
general heading; the specific subsystem or location; and the nature of the
emergency. Of course, when no subsystem or location cues are appropriate
(e.g., APU FIRE), this element should be omitted. Ideally, when these three
elements are included, they should be arranged in a standardized order, as
recommended by MIL-STD-411D (1974):

SPECIFIC SUBSYSTEM
GENERAL HEADING OR LOCATION - NATURE OF EMERGENCY
GENERATOR NUMBER 2 OFF

This order was preferred by a majority of the twenty-five pilots surveyed on
alert message syntax during the supplemental tests reported in Volume 1 of the
document. Although a majority of the pilots (80%) preferred the format
recommended by MIL-STD-411D, they could also foresee instances where it would
be inappropriate (e.g., LEFT WINDSHIELD ANTI-ICE INOPERATIVE). Since the
primary objective is to state the nature and location of the problem clearly,
the actual syntax used should be standardized only to the extent that this
goal is consistently met.

This same principle applies to voice messages that provide guidance informa-
tion. A standardized message syntax, although desirable, must be subordinated
to a clear statement of the problem and the action to be taken. In general,
it is recommended that time-critical messages contain two primary elements
(action and direction) and be structured as follows:
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ACTION DIRECTION
PULL upP

There may be cases where a brief description of the problem or nature of the
emergency is required. In such cases, this description should be 1imited to
one or two words and, when possible, it should precede the action elements:

NATURE OF EMERGENCY ACTION DIRECTION
COLLISION CLIMB RIGHT

Again, these guidelines should be used only as an aid, not a rule, in structur-
ing voice messages.

IN SUMMARY, VOICE MESSAGES FOR TIME-CRITICAL WARNINGS SHOULD CONTAIN TWO
ELEMENTS (ACTION AND DIRECTION) WHILE OTHER WARNING AND CAUTION LEVEL ALERT
MESSAGES SHOULD GENERALLY CONTAIN THREE ELEMENTS (GENERAL HEADING,
SUBSYSTEM/LOCATION, AND NATURE OF EMERGENCY). THE STANDARDIZED STRUCTURING OF
THESE ELEMENTS, WHILE DESIRABLE, SHOULD BE SUBORDINATED TO A CLEAR STATEMENT
OF THE PROBLEM AND ACTION TO BE TAKEN.

4.2.9 ACCOMMODATION OF MULTIPLE VOICE ALERTS

) WHERE FEASIBLE, A PRIORITIZATION SCHEME SHOULD BE INCORPORATED
TO ENABLE THE ALERTING SYSTEM TO PRESENT MULTIPLE VOICE MESSAGES
IN ORDER OF CRITICALITY .

° IN THE ABSENCE OF A SUITABLE PRIORITIZATION SCHEME, MULTIPLE
VERBAL ALERTS SHOULD BE ACCOMMODATED AS FOLLOWS:

o TIME-CRITICAL WARNINGS SHOULD ALWAYS BE ANNUNCIATED
BEFORE ALERTS FROM OTHER URGENCY LEVELS

° TIME-CRITICAL WARNINGS SHOULD BE PRESENTED IN

CHRONOLOGICAL ORDER WITH ONE FULL CYCLE OF EACH
MESSAGE BEING ANNUNCIATED
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[ IN A MULTIPLE FAILURE SITUATION FOR OTHER WARNING
» AND CAUTION LEVEL ALERTS, THE GROSS ALERT PRIORITY
] LEVELS (WARNING, CAUTION) SHOULD BE USED &S THE
INITIAL CRITERION IN DETERMINING WHICH VOICE
MESSAGE SHOULD BE ANNUNCIATED

° THE VOICE MESSAGE "MULTIPLE ALERTS" SHOULD BE ANNUNCIATED WHEN

[ TWO OR MORE WARNINGS OCCUR SIMULTANEOUSLY
° TWO OR MORE CAUTIONS OCCUR SIMULTANEQUSLY AND NO :
HIGHER PRIORITY ALERTS ARE PRESENT !

The incorporation of voice messages into the alerting system brings with it
two unique problems. The first involves the potential for confusion due to :
the concurrent onset of voice alerts and other voice communications in the !
flight deck. A second area of concern is the methodology tc be used in
accommodating multiple voice alerts. Unfortunately, very limited data exists
to aid system designers in handling this situation.

As stated previously, the objective of voice messages is to provide a clear
statement of the problem or action to be taken in as brief a period of time as
possible. Obviously, if one voice message is aborted by the onset of a second i
message, or if one is superimposed over another, one or both of the messages

may he missed and the crew will have only a fragmented understanding of the ;
situation.

Using manual initiation for most warning and caution leve! voice messages will
serve as a means to restrict the uncontrolled onset of voice alerts. This is 5
not appropriate, however, for time-critical warnings. Since time-critical
warnings take priority over all other alert urgency levels, it is imperative
that, when two or more occur, they be conveyed to the listener quickly and
efficiently. The most effective way to accomplish this would be to develop a
prioritization scheme that would automatically order the onset of voice
messages according to a pre-programmed sequencing logic. In this way, the
voice message corresponding to the most critical alert would be annunciated
first; and the remainder would follow relative to their predetermined priority
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level. In the absence of a suitable prioritization scheme, another method
will be required. Two options are presently available. The first involves
simply providing one complete annunciation of each alert in order of
occurrence. The second would provide for the continued annunciation of the
first alert message until the situation is corrected; followed by annunciation
of the second message until it is corrected, and so on. The second option
yields to the inherent human limitation of being capable of addressing only
one emergency at a time. It also contains a severe limitation in that it does
not allow the pilot to perform a situation assessment. Although time is
extremely limited, it may be that awareness of the second or third failure
will impact how the first is handled. For example, if the message "PULL UP",
is followed by annunciation of the message "COLLISION - DIVE RIGHT" the pilot
will need to assimilate these two pieces of guidance information to determine
the correct action - CLIMB RIGHT. SO, IN THE ABSENCE OF A SUITABLE PRIORI-
TIZATION SYSTEM, TIME-CRITICAL WARNINGS SHOULD ALWAYS BE ANNUNC IATED BEFORE
MESSAGES FROM OTHER URGENCY LEVELS. MULTIPLE TIME-CRITICAL WARNINGS SHOULD BE
PRESENTED IN CHRONOLOGICAL ORDER WITH ONE FULL CYCLE OF EACH MESSAGE BEING
ANNUNCIATED UNTIL THEY ARE EITHER CANCELLED MANUALLY OR AUTOMATICALLY WHEN THE
PROBLEMS ARE CORRECTED.

Because manual initiation is required for other warning and caution level
alerts, accommodation of multiple alerts is somewhat easier. In the present
study, a number of pilots were asked to rate several methodologies available
for sequencing mul tiple verbal alerts. A number of pilots (32%) stated that a
prioritization scheme should be employed that would allow annunciation of only
the most severe problem. A majority (56%) favored annunciation of the message
“MULTIPLE ALERTS" which would require the crew to direct their attention to
the visual information display for specific fault infcrmation. The "MULTPLE
ALERTS" approach lends itself well to a system that requires manual initiation
of voice alerts. IN A MULTIPLE FAILURE SITUATION INVOLVING SEVFRAL WARNING
AND CAUTION LEVEL ALERTS, THE GROSS ALERY PRIORITY LEVELS (WARNING OR CAUTION)
SHOULD BE USED AS THE INITIAL CRITERION TO DETERMINE WHICH VOICE MESSAGE
SHOULD BE ANNUNCIATED. IF MORE THAN ONE FAILURE FROM THE HIGHEST PRIORITY
CATEGORY OCCURS, THE MESSAGE "MULTIPLE ALERTS" SHOULD BE ANNUNCIATED.
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4.2.10 MESSAGE CANCELLATION
o MANUAL CANCELLATION SHCOULD BE PROVIDﬁD FOR TIME-CRITICAL WARNINGS

o VOICE MESSAGES MANUALLY ACTIVATED<FOR OTHER WARNING AND CAUTION
LEVEL ALERTS SHOULD CANCEL AUTOMATICALLY AFTER ONE PRESENTATION.
SUBSEQUENT ITERATIONS OF THE VOICE MESSAGE (EACH MANUALLY ACTI-
VATED) SHOULD ALSO CANCEL AUTOMATICALLY AFT... I ANNUNCIATION

[ ALL VOICE MESSAGES SHOULD CANCEL AUTUMATICALLY UPON ELIMINATION
OF THE ALERTING SITUATION

Surveys of airframe manufacturers, pilots and other airline representatives
indicate a clear preference for a manual cancellation capability for voice
alert: (Cooper, 1977; the present study). The primary reason for this strong
preference is that, as with the master aural alert, once the crew hears and
understands the voice alert, it haz served its purpose and hence is no longer
necessary. While a manual cancellation capability should be made available
for time-critical warnings as well as other warnings and caution level alerts,
it is recommended that for time-critical warnings, corrective action be used
to silence the voice message because of the time limitation involved.

The use of voice messages for other warnings and caution level alerts should
be dependent on the level of visual task loading. This is appropriate because
safe flight management will always take precedence over system management. By
making voice messages elective, the pilqt is given the option of referencing
the visual information display and avoiding the possibility of missing ATC
communications; or, in high visual workload situations, hearing one
annunciation of the voice message and maintaining a vigil over the outside vis-
ual scene. Only one presentation is recommended because the pilot will, in
all likelihood, be ready to listen to the message at the time he chooses to
depress the voice initiation switch. This will also minimize the possibility
of mutual interference between voice alert messages and other ATC and
intra-cockpit communications. Since manual initiation of the voice message
for other warning and caution level alerts produces only one presentation of a
fault message, cancellation is automatic by virtue of system design.
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IN SUMMARY, MANUAL CANCELLATION SHOULD BE PROVIDED FOR TIME-CRITICAL WARNINGS,
ALTHOUGH CORRECTIVE ACTION WILL FREQUENTLY BE USED TO SILENCE THE VOICE
MESSAGE. VOICE MESSAGES MANUALLY ACTIVIATED FOR OTHER WARNING AND CAUTION
LEVEL ALERTS SHOULD CANCEL AUTOMATICALLY AFTER ONE ANNUNCIATION. SUBSEQUENT
ITERATIONS OF THE VOICE MESSAGE (EACH MANUALLY ACTIVATED) SHOULD ALSO CANCEL
AUTOMATICALLY AFTER ONc PRESENTATION. AS WITH THE MASTER AURAL ALERT, ALL

MESSAGES SHOULD CANCEL AUTOMATICALLY UPON ELIMINATION OF THE ALERTING
CONDITION(S).
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5.0 CREW OPTION AND CONTROL

There are a number of alerting system features that do not fall clearly into
the domain of the ccmponents previously mentioned. These features serve to
facilitate effective crew-system interaction or provide preprogrammed logic to
reduce pilot workload. This section contains guidelines for the design and
implementation of the alerting system interactive and information processing
functions.

5.1 PRIORITIZATION

[ A PRIORITIZATION SCHEME SHOULD BE INCORPORATED INTO THE ALERTING
SYSTEM

° THE PRIORITIZATION SYSTEM SHOULD BE FLIGHT PHASE ADAPTIVE

o FEASIBILITY SHOULD BE DEMONSTRATED IN TERMS OF
° PRIORITIZATION DATA BASE
® ATRCRAFT CONFIGURATION VARIATIONS AND EXPECTATIONS

o AS A MINIMUM, ALERTS SHOULD BE PRIORITIZED BY URGENCY LEVEl (WARNING,
CAUTION AND ADVISORY)

As aircraft systems become more sophisticated, flight deck information dis-
plays will be required to provide the crew with information in an accurate and
expedient manner. This is particulary important in the case of aircraft alert-
ing systems. When a multiple failure situation occurs and time is limited,

the pilot must be able to obtain critical information quickly and without caus-
ing undue disruption of the flight task. Since an advanced alerting system
will include a color display, it wiil be possible to employ color as a means

of categorizing alerts into distinct urgency levels. Table 5.1-1 shows how
color is presently used in a number of commercial aircraft (ARP-450D, 1980).
Some researchers have suggested that the gross categorization of alert mes-
sages into three main urgency levels (warning, caution, and advisory) is not
effective enough for conveying essential information to the flight crew
(Veitengruber, Boucek, and Smith, 1977). It may be tha% prioritization within
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Table 5.1-1. Application of Color to Alert Urgency Levels

Urgency level ' Color : Definition

Emergency operational or aircraft
system conditions that require
immediate compensatory or corrective
action by the crew

Warning Red

Abnormal operational or aircraft
system conditions that require
Caution Amber immediate crew swareness and sub-
sequent corrective or compensatory
crew action

Operational or sircra‘t system
Color other than conditions that require crew
red or amber awareness and may require crew
action

Advisory

these three categories would convey valuable information to the pilots which
could be used as a decision aid in selecting the most critical problem to be ad-
dressed. This prioritization strategy would be used primarily on the visual
information display. Described simply, the messages in each alert level would
be automatically prioritized by the system so that when a particular fault
occurred, the message would appear on the display in its appropriste position
relative to the other messages of the same category already preseni. With
this approacn the most imnortant or time-critical message would always be at
the top of the displayed alerts in its category, regardless of time of occur-
rence. In this manner, the alerting system could aid the crew in the
assessment of aircraft status as well as the selection of conditions reguiring
expedient action.

A majority of the pilots surveyed by Veitengruber, et al., (1977) felt that
alert effectiveness could be improved by prioritization. They ioresaw no
serious problems as long as it was done sensibly and the pilot was informed of
alerts awaiting recognition. The pilots indicated that alerts should be
grouped into three or four categories, where each categor; denotes a critical
level; alerts within each category should also be prioritized. Also, the
capability for an alert to transition from one category to another as &
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function of flight phase was proposed for incorporation into the prioritiza-
tion system. Although the majority of pilots favored prioritization, they
could not agree upon criteria for making this capability operational.

Atk ekt aind

il L1

Very 1itle analytical or empirical work has been performed on how alerts can

be prioritized as a function of flight phase. Veitengruber, et al., (1977)
used numerical and non-numerical methods to develop alerting categories, and

to prioritize alerts within these categories as a function of flight phase.

The major outputs of this work were a logic tree diagram for prioritizing
alerting functions (see Figure 5.1-1) and an example application of prioritiza-
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g tion schemes for warning, caution and advisory alerts (see Tables 5.1-2 to 4).
] Veitengruber, et al., (1977) concluded that more work is necessary to develop
E useful pricoritization schemes. They also concluded that since better

) agreement was found among pilots for high priority alerting functions,

guidelines should be established only for the two highest levels {(warnings and
cautions), and that the prioritization of lower level alerts be left up to the
airframe manufacturers and operators.

NONAVIONIC SYETEN

MALFUNCTION 4
3 ]
1 AFFECTS L
3 SAFETY OF YES A
FLIGHT ]
’ K
AUTOMATIC v p
NO COMPENSATION £s ?
PROVIDED 1
AFFECT v ;
CREW AND €8 ;f_::';. 3 10Fa k
COUIRED SYSTEMS
REQY FAILED ) 1
7 .
MA?#l'JOA'} YES NO ALERT 3
€0 1
NO REQUIRED AEQUIR
? 10F 3
YES 1 OF 4 OR2OF 4
PASSENGER :f_::ﬁ‘ SYSTEMS SYSTEMS YES
SERVICES REQUIRED FAILED EAILED
LEVEL 4 LEVEL 4
ALERT ALERT
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10F2,
2 OF 3,0R
AIRCRAET YES : OF:AT::;EMS
MAINTENANCE
QPERATION, TEVEL 3 ;
LEVEL 3
ves ALERT ALERT ]
REQUIRED
NO NOTATION REQUIRED
REQUIRED ALL SYSTEMS
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SITUATION FOR MAINTENANCE_YES 30F 45 'STEMS FAILED i
OTHER FLIGHT | no AECORDING FAILED ]
PHAJES PROVIDED ? LEVEL 2 NO
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. ALERT NO priamuid OF ONE TYPE ALEAT
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Figure 5.1-1. General Type of Logic Required to Prioritize Alerting Functions
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Teble 5.1-2. Example Applicetion of Alerting Function Prioritization (Warnings)

Alert
level 1. Emergency (warning)
(category)
Ground 1. Gear down and locked but lever not in down detent 4. Ground proximity warning
mainte- 2. Unsafe takeoff configuretion
nance 3. Stall warning
;";n 1. Gear down and locked but lever not in down detent
Engine 1. Gear down and locked but lever not in down detent
w
2| Taxi 1. Gear down and locked but lever not in down detent
£
b=
)
3 '"::'"ﬂ 1. Unsafe takeoff configuration
: ::"” 2. Gear down and locked but lever not in down detent
(@)
r4
2| Final
5| tekeott
g roll
(V9
v
<
4 Initial 1. Stall warning
e | climb 2. Ground proximity warning
©
e
z -
: : fggot; 1. Stall warning
5 shtitude 2. Ground proximity warning
p
<q
1. Stall warning
?:3& # 2. Ground proximity warning
' 3. Pressurization failure
Approach .
(1500-10 | 1- Stall warning 4. Unsafe landing configuration
200-ft 2. Ground proximity warning
altitude) 3. Gear down and locked but levei' not in down detent
Landing 1. Stall warning 4. Unsafe landing configuration
{below 2. Ground proximity warning 6. Autopilot disconnect
200 f¢) 3. Gear down and locked but lever not in down detent
;;:: dwn 1. Gear down and locked but lever not in down detent

Note: Alerts prioritized as numbered; number 1 has highest priority.
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Table 5.1-4. Example Application of Alertinrg Function Prioritization (Advisories)

Alert level
{category

3. Advisories

4. Information (not part of

integrated warning system)

ALERT PRIORITIES AS FUNCTION OF FLIGHT PHASE

Ground
nainte-
nance

Pre-
fligh

Engine
start

Taxi

Initial
takeoff
roll

Final
takeoff
roll

Function of alrcraft design

Priorities to be determined
by airframe manufacturer

and operator

e ——

Function of aircraft design

Priorities to be determined
by airframe manufacturer
and operator

Initial
climb

1,500- to
14,000-ft
altitude

Above
14,000 ft

Approach
{1,500- to
200-ft
altitude)

Landing
(below
200 ft)

Taxi and
shutdown
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A study was recently conducted at Douglas Aircraft to assess the performance
benefits associated with alert prioritization (Po-Chedley and Burington, ;
1981). Twelve commercially rated pilots participated, each completing 12 A
simulated flights during which, they were told, a multiple failure situation 3
might occur. In terms of fault correction activity, the use of prioritization
resulted in a significant reduction in response times, to these alerting sftua-
tions. Pilots also made fewer errors during the fault correction sequences
when prioritization was used. In response to a debriefing questionnaire,
participants snhowed a clear preference for use of prioritization as an aid in
identifying the appropriate fault correction sequence.

L i A 2 e o
il 6. ik v

In the present study, 21 pilots were asked to complete a questionnaire that
addressed prioritization and inhibit logic. Respondents were asked to
prioritize 16 alerts for eight flight phases. For a number of alerts, pilots i
rated their urgency as being significantly more important in some flight ?
phases than in others. This data lends strength to the argument that an 5
effective prioritization system should be flight phase adaptive. In this :
regard, Vanderschraaf (1976) proposed a concept called the Phase Adaptive
Warning System (PAWS) wherein a switching logic module receives information
from a central annunciator panel as well as other sensors and uses it to ¥
inhibit and prioritize alerts. This also points indirectly to a need for
flight phase inhibit logic. Another finding of interest was the high degree
of variability with which the pilots prioritized the alerts. For a majority
of the flight segments, pilot ratings indicated no significant differences in
the urgency levels for the various alerts. This variability is not surprising
in view of the fact that the 21 pilots came from a variety of organizations
and aircraft types. This lack of agreement does, however, bring two issues b
E into perspective. First, if a prioritization system is to be used in i
: commercial aircraft, it will probably be aircraft and airline specific; this
is primarily due to the differing redundancy levels in present commercial ]
aircraft. Secondly, the development of the actual prioritization order will
need to be carried out by design engineers as well as pilots. A combination
of flight experience, aircraft familiarity and design expertise will, in all i
1ikelihood, produce a more effective prioritization system than any cne of
these capabilities would yield by itself.
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Al though the limited subjective and objective data collected thus far reflect
positively on the potential utility of alert prioritization, its feasibility
has yet to be demonstrated. The source of the actual prioritization data base )
(e.g., how alerts will be prioritized for each aircraft type) and the large !
number of possible aircraft configuration variations represent two subjects of
special concern to both researchers and system designers. Before prioritiza- 1
tion can be seriously considered, these issues must be explored and resolved.
Primary attention should be focused on developing a methodology for determin-
ing alert priority levels for each flight phase. This methodology will need
to be comprehensive enough so that the system can accommodate all aircraft

, configurations that flight crews can expect to encounter in the operational
1 enviromment.

As an example, the criticality of a generator failure will vary with the ]
number of generators that are operational; a dual generator failure will be .
more critical than a single failure. The level of criticality in a multiple

i ‘ generator (or other system) failure will also be dependent upon the number of
‘ engines being used to drive the generators (e.g., B737 vs. B747). The utimate
goal should be to provide an efficient, reliable alerting system that allows
the flight crew to deal effectively with multiple failure situations.
Reliability is extremely important because the increased automation which is
inherent in this approach requires a high degree of pilot confidence in the

' capability of the systems to provide accurate information. The foregoing

E issues must be carefully considered before prioritization is made operational.

- TO SUMMARIZE, A PRIORITIZATION SCHEME SHOULD BE INCORPORATED INTO THE ALERTING
SYSTEM. IT SHOULD BE FLIGHT PHASE ADAPTIVE. ITS FEASIBILITY SHOULD BE DEMON-
STRATED IN TERMS OF THE DATA BASE USED AS WELL AS APPROPRIATE ACCOMMODATION OF
AIRCRAFT CONFIGURATION VARIATIONS AND EXCEPTIONS. AS A MINIMUM, ALERTS SHOULD :
BE PRIORITIZED BY URGENCY LEVEL (WARNING, CAUTION AND ADVISORY). j

i) ok et

5.2 INHIBIT LOGIC

o INHIBIT LOGIC SHOULD BE USED TO DELAY THE ONSET OF NON-CRITICAL ALERT
MESSAGES DURING HIGH WORKLOAD FLIGHT SEGMENTS
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® THE INHIBIT LOGIC SYSTEM SHOULD BE FLIGHT PHASE ADAPTIVE

® A SPECIFIC METHODOLOGY FOR INHIBIT LOGIC APPLICATION SHOULD BE
DEVELOPED PRICR TO ITS IMPLEMENTATION

4 As mentioned earlier, high workload flight phases (e.g., takeoff and final

3 approach) require a high degree of concentration on the part of the flight
crew. During these periods, the crew should only be provided with information
that directly impacts the task at hand. This is also true for multiple
failure situations. When a number of failures occur, primary attention should
be given to the most serious faults, particularly those that jeopardize safe
fl1ight management.

IV T

Inhibition refers to deiaying the onset of non-critical alerts throughout high
E workload flight phases or multiple failure situations. Alert inhibition is
used on all modern commercial transport aircraft to minimize the occurrence of
nuisance alerts, particularly those associated with the configuraton of flaps,
i landing gear, etc. However, very few aircraft utilize inhibit logic to sup-

f press nuisance alerts for less important systems during high workload flight

] phases. The L-1011 and the DC-10 inhibit alerts for selected subsystems
during landing, and a takeoff inhibit mode is used on the Concorde and on the
A-300 to suppress all but a few critical warnings.

To date, a comprehensive methodology has not been developed for systematcically
inhibiting selected alerts during the various flight segments. A majority of
aerospace personnel surveyed felt that a carefully conceived inhibit logic
scheme will provide a useful supplement to the flight deck alerting system
(ARP-450D, 1980; Cooper, 1977; Po-Chedley and Burington, 1981; and
Veitengruber, et al., 1977). Methodologies suggested for development in the
Cooper survey included both manual and computer driven inhibit logic schemes.
Figure 5.2-1 shows a sample inhibit logic scheme that was presented in the
Veitengruber, et al., study (1977). As can be seen in this figure, takeoff
and final approach were identified as two flight phases where only the most
critical alerts should not be inhibited.
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Figure 5.2-1. Sample Alert Inhibit Scheme

The present study asked 21 pilots to identify flight segments in whicg
selected faults should be inhibited. There was little agreement as t5 which
alerts should be inhibited and when. Although a large number favored inhibi-
tion of all but the most serious fault messages during the final takeoff and
final approach flight segments, 90% favored inhibition of only one component
of the alerting medium. For example, if an engine fire were to occur on final

ok ot Sl B i | o st A1 LS 4 .

approach, many of those questioned responded by stating that. the fire bell
should be inhibited while the master visual alert should remaih operational.

3
*

Po-Chedley and Burington (1981) found that pilot performance on a flight
simulator task improved significantly when inhibit logic was employed. This
improvement was evident in terms of both shorter response times and a lower
error rate. Pilot preferences were also clearly in favor of the use of a
systematic inhibit logic scheme.

Since currently available data support the use of inhibit logic in commercial :
aircraft, it would seem a worthwhile effort to develop this concept further.
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There are a number of unresolved issues that need to be addressed before alert
inhibition can be successfully made operational. A determinatifon should be
made as to what information should be withheld from the pilot's decision
process, and when. A clear identification of potential inhibit logic applica-
tions is quite difficult, however, because of disagreements among pilots.

TO SUMMARIZE, INHIBIT LOGIC SHOULD BE USED TO DELAY THE ONSET OF NON-CRITICAL
ALERT MESSAGES DURING HIGH WORKLOAD FLIGHT SEGMENTS. THE INHIBIT LOGIC SYSTEM
SHOULD BE FLIGHT PHASE ADAPTIVE, AND A SPECIFIC METHODOLOGY FOR INHIBIT LOGIC
APPLICATION SHOULD BE DEVELOPED PRIOR TO ITS IMPLEMENTATION.

5.3 STORE/RECALL

o A STORE/RECALL CAPABILITY SHOULD BE PROVIDED FOR CAUTION AND ADVISORY
ALERTS

° PROVISIONS SHOULD BE MADE FOR BOTH SELECTIVE AND TOTAL STORE/RECALL

® A POSITIVE INDICATION SHOULD BE PROVIDED ON THE DISPLAY WHEN MESSAGES
ARE STORED IN MEMORY

° HIGH PRIORITY ALERTS (WARNING LEVEL) SHOULD NOT BE STORED IN MEMORY

Store/recall refer to the storage of alert messages in memory and their sub-
sequent recall. Potential applications of a store/recall capability include
dispatch ingperative ijtems and faults that have been accommocdated but not
removed. Clearing these faults from the display allows the crew to remove a
potential source of distraction. Providing this capability is also in concert
with the philosophy of a quiet, dark cockpit, wherein no alerts are presented
unless required for aircraft safety or operability.

In the present study, pilots were asked to assess both selected and total

store/recall capahilities. Selective store/recall involves the storage and
recall of individual messages, one at a time; while total store/recall will
clear the display, placing all active alert messages (except warnings) into
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memory. A majority of the pilots surveyrd (56%) state that a combination of
selective and total store/recall shouid be used, while 32% favored the use of
only total store/recall. A minority (12%) preferred that selective store/
recall be used independently. Because 1ittle additional hardware or software
is required to provide both capabilities, BOTH TOTAL AND SELECTIVE STORE/
RECALL SHOULD BE MADE OPERATIONAL.

Figure 5.3-1 illustrates one method by which selective store/recall could be
operationalized using a deferred item indicator that provides a positive indi-
cation when alert messages are stored in memory. The pilots surveyed in the
study indicated that the deferred item indicator provided a good indication of
the number and type of alerts in memory. They also agreed that high priority
alerts should not be stored in memory.

IN SUMMARY, BOTH SELECTIVE AND TOTAL STORE/RECALL CAPABILITIES SHOULD BE
PROVIDED FOR CAUTION AND ADVISORY LEVEL ALERTS; WARNINGS SHOULD NOT BE STORED

IN MEMORY. A POSITIVE INDICATION SHOULD BE PRGVIDED WHEN ALERTS ARE STORED IN
MEMORY .

54 ADDITIONAL ALERTING SYSTEM FEATURES

o A LINE-ADDRESS CAPABILITY SHOULD BE PROVIDED TO ALLOW THE CREW TC
ACCESS OR STORE SPECIFIC FAULT MESSAGES

o THE OVERFLOW LOGIC SYSTEM SHOULD HAYE A PAGING FUNCTION THAT ALLOWS
THE CREW TGO ACCESS FAULT MESSAGES STORED IN OVERFLOW MEMORY

To make operational a selective store/recall capability and/or a procedural
information display (used to expedite fault correction), some method must be
provided for addressing specific fault messages. Pilots in the study were
presented with two options; the first involved the use of line keys that allow
the crew to depress a switch next to a particular message 1ine that brings the
line advance indicator directly to tha'.mgksage (see Figure 5.4-1). The
second option required continual depre.tiion of a rocker switch that indexed
the line advance indicator up or down thk ssreen to the desired message (see
Figure 5.3-1). A majority of the pilots preferred the line keys over the
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E Step 3 Depress 'STORE" Key to Place Message in Memory
Figure 5.3-1. Example Application of Selective Store/Recall Using a Deferred
ltem Indicator (Po-Chedley and Burington, 1981)
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Step 4 Message (“FLAP LIMIT INGP") Reverls to Memory

Note: Deferrud item indicator (MI) in lower right.corner

Step 6 Depress “MODE’ Key Again to Revert Back to “ALERT MODE"”’

Figure 5.3-1 (Concluded). Example Application of Selective Store/Recall Using
a Deferred ltem Indicator (Po-Chedley and Burington, 1981)
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rocker switch because fewer discrete actions are required for message line
selection. However,.the 1ine keys require more space that the rocker switch
so the methodology employed for this function should be determined by a combi-
nation of workload requirements and the availability of flight deck panel
space.

As mentioned in the visual information display guidelines, a positfve indica-

tion should be provided to alert the crew to the presence of additional fault |

messages. In addition to this, the crew must be provided with a means to gain
access to the alerts stored in overflow memory. In a recent study (Boucek, et
al., 1980) pilots were asked to assess a scroll concept where messagéﬁ were
arranged in chronclogical order by level of urgency (see Figure 5.4-2). In an
overflow condition, the messages currently displayed on the screen could be
moved off the top or bottom of the display by depressing the appropriate
switch located at the left of the screen. As these messages were removed from
the screen the overflowed messages would appear at the top or bottom,
depending on which switch was pressed. A majority of the'pi1ots felt that
this method was not acceptable because of the fact that warning tevel alerts
could be removed from the display. In the present study, 25 pilots evaluated
a paging function where a page select switch was used in combination with an
overflow indication on the display (see Figure 5.4-3). Depression of the nage
key allowed the crew to recall messages stored in overflow memory. This
option was judged as being good to excellent by a majority of the pilots. It
should be noted that Figure 5.4-3 does not show the recommended display
configuration for alert messages (e.g., warnings on top, followed by cautions
and advisories).

TO SUMMARIZE, A LINE ADDRESS CAPABILITY SHOULD BE PROVIDED TO ALLOW THE CREW
TO ACCESS OR STORE SPECIFIC FAULT MESSAGES. ALSO, THE OVERFLOW LOGIC SYSTEM
SHOULD HAVE A PAGING FUNCTION THAT ALLOWS THE CREW TO ACCESS FAULT MESSAGES
STORED IN OVERFLOW MEMORY.
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Figure 5.4-2. Scroll Function Used for Accormmaodation of Qverflow Condition
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6.0 CERTIFICATION IMPACT

As part of this study, an appraisal was made of the impact on certification of
new and current aircraft if the recommended guidelines were implemented. The
method selected to conduct this appraisal was to compare the requirements
specified in the Federal Regulations with the functional guidelines. Copies
of the regulations were obtained, and a list of Federal Aviation Regulations
(FARs) relevant to crew alerting was compiled. The requirements of the FARs
formed the baseline for determining their conformance to the recommended
guidelines.

6.1 CONSOLIDATION OF ALERTING REQUIREMENTS

Introduction of the guidelines would essentially be a consolidation of
existing requirements, since the Regulations already provide for crew alerting
requirements. The most important feature of the guidelines is that all the
alerting functions of the aircraft are integrated into a single, physical
system for crew annunciation. This systems approach supports the second-most
important feature of the guidelines, standardization. A third feature, also
made possible by a systems approach, is that once implemented, growth and
changes are easily accommodated without additional alerting devices. While
implementation of the guidelines would have the alerting system cover nearly
all current crew alerting requirements, a few current practices would be
precluded.

6.2 GUIDELINE CONFLICTS WITH CURRENT FARs

6.2.1 FARs RELATED TO CREW ALERTING

As mentioned above, applicable regulations were surveyed, and a list of FARs

which specified requirements for crew alerting was compiled, see Table 6.2.1-1.

6.2.2 FARs IMPACTED BY IMPLEMENTATION OF THE RECOMMENDATIONS

Only four Regulations would be impacted by the implementation of the design
guidelines; all other FAR requirements for crew alerting can be accommodated.
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Table 6.2.1-1. Federal Aviation Regulations Pertaining to Alerting Systems

FAR number Short title
25.207 (b) Stall Warning
25.672 Stability Augmentation and Automatic and Power-Operated Systems
25.703 Takeoff Warning Systems

25.729 (e) (2), (3), (4)
25.771

25.777 (a), {c)

25.812 (e) (2)

25.841 (b) (6), (7), (8)
25.859 (e) (3)

25.863 (c), (d)

25.11656 (g)

25.1199 (c)

25.1203 (b) (3)
25.1303 (c} (1)
25.1305 (a) (1), {7)
25.1309 (c)

25.1321 {a), (b), (d), {e)
25.1322

25.1383 (c) (b) (ii), liii)
25.1555 (d)

37.119 (a) (3) 4i), (i)
37.201

91.49

91.51 (b)

121.289 (a), {b)
121.319 (b) (5) (ii}, (iii)
121.360 (2)

Retracting Mechanism

Personnel and Cargo Accommodations
Cockpit Controls

Emergency Lighting

Pressurization

Combustion Heater Fire Protection
Fluid Fire Alert

Engine Ignition Systems
Extinguishing Agent Containers
Fire-Detector System

Flight and Navigation Instruments
Powerplant Instruments

Equipment, Systems, and Installations
Instruments: Installation

Warning, Caution, and Advisory Lights
Electrical Equipment and lnstallations
Control Markings

Automatic Pilots

Ground Proximity Warning—Glideslope Deviation Alerting Equipment
Aural Sperd Warning Device

Altitude Alerting System or Device
Landing Gear: Aural Warning Device
Crewmember Interphone System
Ground Proximity Waurning—-Glideslope Deviation Alerting System
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The four FARs that are affected by the recommendations are described in the
following paragraphs.

6.2.2.1 FAR 25.729 and FAR 121.289 Configuration - The recommended system
deviates from the FAR configuration alert by permitting the pilots to cancel
the master aural alert manually. The reason is that as soon as the pilot per-
ceives and interprets the alerting signal, it has served its purposes which
are to attract the attention of the crew, and to provide preliminary alert
urgency-level information. Having heard or seen the master alert(s), the
pilot knows what urgency the alert is and is able to decide between continuing
the current task, or to look to the visual display to see what the specific
problem is. It would be an undesirable distraction to have the aural signal
continue after it had alerted the aircrew.

The primary consideration in the design and operation of the master aural
alerts is their attention-getting quality. Their purpose is to gain crew
awareness of an abnormal/emergency condition or situation. The demand for
awareness is established by the criticality of the situation; warning alerts
require immediate action, caution alerts require immediate awareness and sub-
sequent action, and advisory alerts require only crew awareness to a condition
which may require action. In attempting to insure that the pilot is aware of
and correctly interprets the alerting signal, there are two opposing factors
to consider. First, ona way for verifying perception of a signal is to
require the operator to take some positive action. On the other hand, in high
workload situations it is undesirable to require the operator to make such an
action. Pilot test and survey data indicated a distinct preference for a
manual cancellation capability (Cooper, 1977, and Boucek, et al., 1980). The
empirical tests and pilot surveys conducted during this study supported the
implementation of manual cancellation, and for automatic cancellation upon
correction or removal of the problem.

6.22.2 FAR 25.1303 and FAR 91.49 Overspeed - The recommended system differs
from these Regulations in that the overspeed alert would not have a discrete
aural signal. It would receive the same type of aural-visual-alphanumeric
presentation as any other alert of the same urgency level.
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The system guidelines would also have the master aural and master visual
alerts manually cancellable. The reason for this is that the overt action of
manually cancelling the master alerts assures that the pilot's attention to
the alert has been acquired. The alert would remain on the alphanumeric
visual display until it was stored in memory or corrected. The reason for not
allowing discrete alerts for individual systems stems from several design
philosophies. First, too many individual 1ights, sounds, and other alerting
devices create problems of confusion when several alert devices are activated
simultaneously, or in close succession. Also, to be able to use the discrete
aural signals, the pilots must recognize them, creating a greater need for
pilot memorization and training. One of the primary reasons for conducting
this study was to eliminate the proliferation of alerts in the flight deck.
Second, standardization of alerting system concepts and procedures, not only
across airplane model lines but across airplane manufacturers as well, was a
goal of this study. Standardization will reduce flight deck confusion and
pilot training and memory requirements, and will provide pilots with the
ability to deveiop a habit pattern in which to respond to alerting situations.

The guideline for recommendations for the number of alerting sounds are:

[ The number of discrete sounds in the flight deck should be limited
to three (one for each alerting category, Warning, Caution and
Advisory).

o Each sound should differ from the others in more than one dimension
(frequency, duration, etc.).

°® The alerting siynals should be selected to reflect alert urgency
level.

The restriction of three aural alerts permits optimum discrimination of the
signals and supports the ability of pilots to make a preliminary assessment of
the alerting situation before modifying their current activity. The restric-
tion to three aural alerts also supports the requirement that, although the
basic design of the three aural alerts is prescribed in the guidelines,
provision is made for each airplane to adjust the parameters tc fit its noise
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environment. The aural signals should be designed to minimize the noise
masking and noise interference effects of the specific airframe. Minimizing
the number of discrete aural signals reduces pilot workload and eases the
requirement of keeping the aural signals easily discriminable.

6.3 IMPLIED NEW ALERTING SYSTEM REQUIREMENTS
As a result of the analysis of the Regulations and the alerting system design

guidelines, the following implications for new crew alerting requirements are
evident and should be considered.

6.3.1 ESTABLISH THE ACCEPTABILITY OF AN ALERTING SYSTEM
Whereas of the Regulations currently state requirements for unique visual,

aural or other alerts, they should indicate the acceptability of an integrated
alerting system which satisfies the functions of the individual requirements.

165 AND 166

i
i
i
i
;
!
i
1

i
NPTVRETIN

i

bt ot mk il S v B it e o

G Ay ) M bttt 1 .2k L uadi




REFERENCES

Adams, J.A., and Chambers, R.W., Response to Simultaneous Stimulation of Two
Sense Modalities, Journal of Experimental Psychology, Volume 63, pp.
193-206, 1962.

Adams, J.A., Humes, J.M., Stenson H.H., Monitoring of Complex Visual Displays:

I11 Effects of Repeated Sessions of Human Vigilance, Human Factors,
Volume 4 (3), pp. 149-158, 1962.

Bate, A.J., Cockpit Warning Systems Comparative Study, Report No. AMRL-TR-68-
193, Aeromedical Reseuarch Laboratory, Wright-Patterson AFB, Ohio, 1969.

Boucek, G.P., Veitengruber, J.E., and Smith, W.D., Aircraft Alerting Systems
Criteria Study, Volume ’I: Human Factors Guidelines and Aircraft
Alerting Systems, FAA Repurt, FAA-RD-76-222, May, 1977.

Boucek, G.P., Erickson, J.B., Berson, B.L., Hanson, D.C., Leffler, M.F.,
Po-Chedley, D.A., Aircraft Alerting Systems Standardization Study, Phase
I Final Report, Report No. FAA-RD-80-68, February, 1980.

Cooper, G.E., A Survey of the Status of and Philosophies Relating to Lockpit

Warning Systems, Report No. NASA CR-152071. NASA Ames Research Center,
Moffett Field, California, 1977.

Crawford, A., The Perception of Light Signals: The Effect of the Number of
Irrelevant Lights, Ergonomics, Volume 5, pp. 417-428, 1962,

Crawford, A., The Perception of Light Signals: The Effect of Mixing Flashing
and Steady Irrelevant Lights, Ergonomics, Volume 6, pp. 287-294, 1963.

Davis. R.C., Motor Components of Responses to Auditory Stimuli: The Relation

of Stimulus Intensity and Instructions to Respond, American Psychologist,
Volume 2, pp. 308, 1947.

167

. ———— ——r




Egan, J.P., Carterette, E.C., and Thwing, E.J., Some Factors Affecting

Multi-Channel Listening, Journal of the Acoustical Society of America,
Volume 26, pp. 774-782, 1954,

Eike, D., Malone, T., and Fleger, F., Human Engineering Design Criteria for
Modern Display Components and Standard Parts, Essex Corporation,
Alexandria, Virginia, 1980.

Eldred, K.M., Gannon, W.J. VonGierke, H., Criteria for Short Time Exposure of
Personnel to High Intensity Jet Aircraft Noise, Report No. WADC-TN-55-
355, Wright Air Development Center, Wright-Patterson AFB, Ohio, 1955.

Erickson, J.B., Voice Warning Questionnaire Results, Internal
McDonnel1-Douglas Company AVI, December 1978.

Federal Aviation Regulation 25.1322, Airworthiness Standards: Transport
Category; Airplanes, Department of Transportation, Federal Aviation
Administration, Washington, D.C., June 1974,

FED-STD-595, Colors, Washington, D.C., March 1979,

Fletcher, H., Munscn, W.A., Loudness, Its Definition, Measurement, and Calcu-

lation, Journal of the Acoustical Society of America, Vol. 5, pp. 82-108,
1933,

Fletcher, H., Speech and Hearing in Communications, D. Van Nostrand Company,
Inc., Princeton, N.J., 1953,

Gerathewohl, S.G., Conspicuity of Steady and Flashing Light Signals: Varia-

tion of Contrast, Journal of the Optical Society of America, Volume 43,
pp. 567-571, 1953,

Gopher, D., Kahneman, D., Indiviaual Differences in Attention and the Predic-
tion of Flight Criteria, Perceptual and Motor Skills, Vol. 33, pp. 1335-

1342, 1971.

168

DN Tt A AN

i, e ot ik .




£
3

Sl

Hart, S.A. and Simpson, C.A., Effects of Linguistic Redundancy on Synthesized
Cockpit Warning Message Comprehension and Concurrent Time Estimation
(NASA TMX-73, 170), 12th Annual Conference on Manual Control, University
of I11inois at Champaign-Urbana, I1linois, May 1976.

Hawkins, H.L., Stevens, S.S., The Masking of Pure-Tones and of Speech by White

Noise, Journal of the Acoustical Society of America, Vol. 22, No. 6, 1950.

Xemmerling, P., Geiselhart, R., Thorburn, D.E., Cronburg, J.5., A Comparison
of Voice and Tone Warning Systems as a Function of Task Loading, Techni-

cal Report ASD-TR-69-104, Air Force Systems Command, Wright-Patterson
AFB, Ohio, 1969.

Kerce, E.W., Intelligibility Testing of Voice Model and Phoneme-Synthesized
Voices for Aircraft Caution - Warning Systems, California State
University, Long Beach, California, 1979.

Kohfeld, D.L., Simple Reaction Time as a Function of Stimulus Intensity in

Decibeis of Light and Sound, Journal of Experimental Psychology, Volume
88(2), pp. 251-257, 1971.

Licklider, J.C., Audio Warning Signals for Air Force Weapon Systems, USAF,
WADD, Technical Report 60-814, March 1961.

Luckiesk, M., Light, Vision and Seeing, Van Nostrand, New York, 1944.

McCormick, E.J., Human Factors Engineering, McGraw-Hill Book Company, New
York, 1970.

Meister, D., and Sullivan, D.J., Guide to Human Engineering Design for Visual

Displays, AD 693237, Office of Naval Research, Department of the Navy,
Arlington, Virginia, 1969.

Merriman, S.C., Operational Attention - Intrusion Effects Associated with
Aircraft Warning Lights of Various Size, Report No. NADC-AC-6901,
Department of the Navy, Naval Air Development Center, Aerospace-Crew
Fquipment Department, Warminster, Pennsylvania, 1969.

169

A1 e N
s e s 1 ik 20

L e i bt oo

T e il vt o

alli i

CRPRRRIRMT S I Ty




Miller, G.A., The Magical Number Seven, Plus or Minus Two: Some Limits on Our
Capacity for Processing Information, Psychological Review, Volume 63(2),

pp. 81-96, 1956. iﬁ

Mills, A.W., On the Minimum Audible Angle, Journal of the Acoustical Society
of America, Volume 30, pp. 237-246, 1958.

MIL-C-25050, Colors, Aeronautical Lights and Lighting Equipment, General
Specification for, Department of Defense, 30 September 1971.

MIL-M-18012B, Markings for Aircrew Station Displays, Design and Configuration
of, Department of Defense, February 17, 1972.

MIL-STD-411D, Aircrew Station Signals, Department of Defense, August 30, 1974.

MIL-STD-1472B, Human Engineering Design Criteria for Military Systems, Equip-
ment, and Facilities, Department of Defense, May 10, 1978.

Morgan, C.T., Cook, J.S., Chapanis, A., Lund, M.W., Human Engineering Guide to
Equipment Design, McGraw-Hi1l Book Company, New York, 1963.

Mudd, S.A., The Scaling and Experimental Investigation of Four Dimensions of

Pure-Tones and Their Use in an Audio-Visual Monitoring Problem, Ph.D.
Theisis, Purdue University, Lafayette, Indiana, 1961.

Munson, W.A., The Growth of Auditory Sensitivity, Journal of the Acoustical
Society of America, 1947.

Noise Lectures presented by Bonvallet at the Inservice Training Course on
Acoustical Spectrum, February 5-8, 1952, Sponsored by the University of
Michigan School of Public Health and Institute of Industrial Health,
University of Michigan Press, Ann Arbor, Michigan.

Parks, D.L., Persnnal Communication Concerning Unpublished Test Results, 1979.

170

R




3

= TEmTeE e

——

ao SR

b
3
!
3

Peason, K., Effact of Tone/Noise Combination on Speech Intelligibility,
Journal of the Acoustical Society of America, Vol. 61, No. 3, March 1977.

Po-Chedley, D.A., Burington, C.R., The Effects of Alert Prioritizaticn and
Inhibit Logic on Pilot Performance, Report No. MDC J%076, McDonnell
Douglas Corporation, 1981.

Pollack, I., Ficks, L., Information of Multidimensioral Auditory Displays,

Journal of the Accusitical Society of America, Vol. 26, pp. 155-158, 1954,

Pollack, I., The Information of Elementary Auditory Displays, Journal of the
Acoustical Society of America, 24, pp. 745-459, 1952,

Pollack, J.D., Teece, J., Speech Annunciator Warning Indicator System: Pre-
liminary Evaluation, Journal of the Acoustical Society of America., Vol.
30, pp. 58-61, 1558,

Raab, D., and Fehrer, E., The Effects of Stimulus Duration and Luminance on
Visual Reaction Time, Journal of Experimental Psychology, Volume 64(3),
pp. 326-327, 1962.

Randle, R.J., Larson, ¥W.E., Williams, D.H., Some Human Factors Issues in the
Development and Evaluation of Cockpit Alerting and Warning Systems, NASA,
Ref. Publication 055, January, 1980.

Sheehan, D.J., Heads-Up Display Warning Requirements Research, Final Report NR
213-086, Office of Naval Research, Department of the Navy, Arlington,
Virginia, 1972.

Shower, E.G., and Biddulph, R., Differential P?itch Sensitivity of the Ear,
Journal of the Acoustical Society of America, 3, pp. 275-287, 1931.

Siegel, A.1., and Crain K., Experimental Investigations of Cautionary Signal
Presentativis, Erqonomics, Volume 3, pn. 339-356, 1960.

171

o —— e R

i
i
3
i
;
3
1
3
i
i
B
g
A

it 2

b imdiat T R R R S A . e B

. iy




T i Caran)

Simpson, .C.A., Effects of Linguistic Redundancy on Pilot's Comprehension of
Synthesized Speech, Proceedings of the Tweifth Annual Conference on
Manual Control, NASA TMX-73, pp. 294-308, May 1976.

. Sisipson, C.A., and Williams, D.H., Human Factors Research Problems in Elec-
‘tronic Voice Warning System Design, N75-33681, 1lth Annual Conference on

Manual Control, NASA Ames Research Center, Moffett Field, California,
May, 1975. :

'Simbsoh, C.A., and Hart, S.G., Required Attention for Synthesized Perception
- fpr Three Levels of Linguistic Redundancy, 93rd Meeting of the Acoustical
Society of America, Pennsy1van1a State Cb11ege, June, 1977.

SimpSQn; C.A., and Williams, D.H., The Effects of an Alerting Tone and of

7 Semartic Contéxt-ob Pilot Response Time for Synthesized Speech Voice
Warnings in a Simulated Air Transport Cockpit, MCI Report No. 78-001,
NASA Ames Research Center, Moffett Field, California, 1978.

Society of Automctive Engineers, Aerospace Recommended Practice: Flight Deck

Visual, Audible and Tactile Signals (Draft ARP-450D), Society of Auto-
motive Engineers, Inc., New York, September, 1979.

Speith, W., Curtis, J.F., Webster, J.C., Responding to One of Two Simultaneous

Messages, Journal of the Acoustical Society of America, Vol. 26, pp. 391-
396, 1954.

Steinman, A.R., Reaction Time to Change Compared with Other Psychophysical
Methods, Archives of Psychology, New York, Volume 292, pp. 34-60, 1944.

Steinman, A.R. and Venias, S., Simple Reaction Time to Change as a Substitute

for the Disjunctive Reaction, Journal of Experimental Psychology, Volume
34, pp. 152-158, 1944,

Stevens, S.S. and Davis, H., Hearing, 1ts Psychology and Physiology, John
Wiley and Sons, New York, 1938.

172

: - . ) i s oAb aas
Rk it et 5 it R s b 25




Stevens, S.S., Handbook of Experimental Psycholqu, John Wiley and Sons, Inc., .
New York, 1951, R

VanCott, H.P. and Kinkade, R.G., Human Engineering Guide to Equipment De1sgn,'
United States Printing Office, Washington, D.C., 1972. ‘

Vanderschraff, A., Problem Area: Warning Systems, Fokker, VFW Aircraft Pro-
ceedings from the 20th International Air Safety Seminar of the Flight
Safety Foundation, Anahéim, Ca]ifornia, October 25-29, 1976.

Veitengruber, J.E., Design Criteria for Aircraft Warning, Caution and Advisory ‘ 5;\
Alerting Systems, 77-1240 AIAA Aircraft Systems and Technology Meeting,
Seattle, Washington, August, 1978. '

T LT P
T R H RS e B TV L

Veitengruber, J.E., Boucek, G.P. and Smith, W.D., Aircraft Alerting Systems o ‘ﬁ
Criteria Study, Volume I: Collation and Analysis of Aircraft Alerting
Systems Data, FAA Report, FAA-RD-76-222, May, 1977.

Tannas, L.E., Jr., and Goede, W.F., Flat Panel Displays, a Critique, I.E.E.E.
Spectrum, pp. 26-32, July, 1978.

- I OUNPI

Wegel, R.L. and Lane, C.E., The Auditory Masking of One Pure-Tone By Another .
and Its Probable Relation to the Dynamics of the Inner Ear, Psychological ivﬁ
Review, Vol. 23, pp. 266-285, 1924. ‘

Sl s

ST A

P17 o S D
"

173 AND 174

i i P




