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HUMAN FACTORS FOR DESI GNERS OF EQUI PMENT

PART 8:  AUDI TORY | NFORVATI ON

PREFACE

i This part of this Defence Standard presents guidelines on the inportant
factors concerning the design of auditory signals and displays, and the
selection of suitable characteristics for association with specific

meani ngs.

ii This Part of this Standard is published under the authority of the
Human Factors Subconmittee of the Defence Engineering and Equi pment
Standardi zation Conmittee (DEESC).

iii This Standard should be viewed as a perm ssive guideline, rather than
as a mandatory piece of technological law. \Were safety and health is
concerned, particular attention Is drawn to this Standard as a source of
advice on safe working limts, stresses and hazards etc. Use of this
Standard in no way absolves either the supplier or the user fromstatutory
obligations relating to health and safety at any stage of manufacture or
use.

iv This Standard has been devised for the use of the Crown and of its
contractors in the execution of contracts for the Crown and, subject to the
Unfair Contract Terms Act 1977, the Crown will not be l[iable in any way
what ever (including, but without limtation, negligence on the part of the
Crown, its servants or agents) where the Standard is used for other

pur poses.

v This Standard has been agreed by authorities concerned with its use and
shal| be incorporated whenever relevant in all future designs, contracts,
orders etc and whenever practicable by amendment to those already in

exi stence. If any difficulty arises which prevents application of the
Defence Standard, the Directorate of Standardization shall be informed so
that a remedy may be sought.

vi Any enquiries regarding this Part of this Standard in relation to an
invitation to tender, or a contract in which it is invoked, are to be
addressed to the responsible technical or supervising authority nanmed in
that invitation to tender or contract.

vii Users of this Standard shall note that some nmaterial may be claimed to
be subject to copyright in this or other countries. Copyright where known
is acknow edged.

viii The principles underlying the use of conplex auditory signals nmay be
claimed to be subject to patent rights in this or other countries and are
reproduced with acknow edgement to British Technol ogy G oup, 101 New ngton
Causeway, London SE1 6BU.

ix This Defence Standard is being issued as an INTERIM Standard and is
provisional in order to obtain information and experience of its
application. This will then permt the subnission of observations and
comrents fromusers, using D Stan Form No 22 encl osed.
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HUVAN FACTORS FOR DESI GNERS OF EQUI PVENT
PART 8: AUDI TORY | NFORMATI ON

Section One. Genera
0 Introduction

0.1 In presenting information to a human operator the equi pment designer
may have an apparently w de choice of channels from anong hearing, vision
and other senses. Touch, kinaesthetics, balance, taste and smell are of
limted use, and are called "low capacity" channels. Vision is the
preferred channel for the transfer of detailed information, (see Part 7 of
this Standard). Not only are auditory signals independent of |ighting
conditions, and visual |oad, but hearing is omi-directional. Hence
hearing is the preferred channel for the diversion of an operator’s
attention froma current activity, and to alert nultiple operators with a
single signal. It is conparable in inportance to vision, and is the
primary means of perceiving speech. In this context the neaning of
non-verbal auditory signals nust be learned, in contrast to the assuned
understandi ng of speech gained at an early age. An initial non-verba
conponent of a signal may be used to attract attention to subsequent words,
phrases or conplete sentences. Verbal conmponents should follow the
guidelines laid down in Part 9 of this Standard.

0.2 An auditory display is produced when an auditory signal is designed to
vary in response either to changes in a known factor or to the actions of a
human operator.

0.3 In order to be effective an auditory signal nust be heard, recognized
and under st ood.

0.4 The aimof this Part of this Standard is to provide both the sponsors
for the procurenent of defence equipnment, and also the designers of that
equi pment, W th guidance on the design, selection and assessment of
auditory signals.

1 Scope

1.1 This Part of this Standard concerns the transfer of information to
human operators using their hearing and a |learned set of auditory signals.

1.2 This docunment identifies the factors influencing the effectiveness of
auditory signals, provides guidelines for the design and selection of
auditory signals, and states how the effectiveness of proposed auditory
signal s may be assessed. These guidelines include occasional mandatory
requirements where experience indicates themto be necessary. These
requirements include the word ‘shall’ underlined, eg 'shall' or 'shall
not', and are listed in the Index under Mandatory Requirenents.

2 WARNI NG

This Standard calls for the use of substances and/or procedures that may be
injurious to health if adequate precautions are not taken. It refers only
to technical suitability and in no way absolves either the supplier or the
user from statutory obligations relating to health and safety at any stage
of manufacture or use.
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3 Rel ated Docunents

3.1 The docunents referred to in this Part of this Defence Standard are
listed in annex A

3.2 Reference in this Standard to any related docunents neans in any
invitation to tender or contract the edition and all amendments current at
the date of such tender or contract unless a specific edition is indicated.

4 Definitions

4.1 For the purpose of this Part of the Defence Standard the definitions
in BS 4727 apply together with those listed in annex B

4.2 Nomenclature for alarms and warnings. For ships, auditory signals are
defined in Naval Engineering Standard 599 and for aircraft, 3 categories of

auditory signal are defined in Defence Standard 00-970 and STANAG 3370.
Different nomenclatures are apparent in these documents for the meaning of
"Warning'. It is enphasized however that there is consistency between
naval and air Standards in the priority allocated to auditory signals of
sinilar category but of different nane. (For definitions of categories of
auditory signals see Annex B10 to Bl14).
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Section Two. Valid Use of Auditory Signals

5 CGeneral

In early stages of concept definition for new systems or equipnent, the
need to transfer information to human operators through auditory signals or
ot her neans shoul d be reviewed.

6 Suitable Use of Auditory Signals

6.1 Auditory signals are appropriate when

(a) the information to be processed is short, sinple, transitory, and
requiring inmediate or time-based responses;

(b) the critical nature of the response to the information nakes
suppl enentary or redundant transm ssion desirable, through audio as well as
visual nodes, when for exanple;

(i) it is desirable to warn, alert or cue the operator to subsequent
further response;

(i1) custom or usage has created anticipation of an audio display;

(iii) voice comunication is desirable, and needs to be cued by a
non-verbal signal

(iv) operational or environnental factors limt vision but not
heari ng.

7 Exanples of Suitable Auditory Signals

7.1 Equi pment designed to detect dangerous objects or substances produce
auditory signals coded for proximty to them In such equipnent, fault
war ni ngs, derived fromBuilt-In Test Equipment (BITE), shall produce a
broad band noise which obliterates all normal detection signals, thus
preventing normal use of unserviceable equipnent. Such a choice conforns
to 6.1 (a) and 6.1 (b)(ii).

7.2 In order to warn the occupants in a building of fire, the choice of a
strident bell conforms with 6.1 (a), 6.1 (b)(ii) and 6.1 (b)(iv) above, yet
signal inprovenent, eg by the addition of speech supplements, may be
necessary to overcome the habit of ignoring bell-like sounds heard as
frequent false alerts from burglar alarns.

7.3 Further information may be found in ISO 7731, Patterson and MIroy
(1979), Patterson (1982). Doll and Folds (1986), and US DOD ML STD 1472
C (1981).

8 Lnappropriate Use of Auditory Signals

8.1 Auditory signals are inappropriate when

(a) environmental noise prevents effective listening, eg noise from
engines in ships, aircraft or land vehicles, or fromair conditioning plant
in buildings;
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8.1 (Contd)

(b) personnel, other than the intended |isteners, can hear auditory
signals and are distracted frominportant tasks by those signals;

(c) specific auditory signals can be confused with existing signals, or
with known interactions with the operational environment. Further
information may be found in ISO 7731 and US DOD ML STD 1472 C. The
conprehensive |ist of prohibitions found in the ML STD 1472 C should be
taken as cautionary advice for specific operational circunmstances.

9 Unsuitable Types of Auditory Signals

9.1 The follow ng types of signal shall not be used where confusion exists
because such signals occur in the operational environment:

(a) nmodul ated or interrupted tones which resemble navigation signals or
coded radio transm ssions;

(b) continuous signals which resenble hisses, static, electrica
interference, or electrical mins hum
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Section Three. Signal Audibility

10 Ceneral

10.1 ldeally all intended |isteners should hear an auditory signal on
every occasion under all operational conditions. Such a requirenment is
difficult to specify, particularly when it is recognized that any or all of
the reference data may not be available or may change during the service
life of an equipnment or even during its devel opment. The need for an
audi bl e signal (see B.6) may be stated as an operational requirenent,

agai nst which designers should match auditory signals (see B.7) as closely
as possible.

10.2 For the purposes of this Standard, equipment designed to generate
transmt or control auditory signals shall include a | owcost nmeans of
easily and rapidly modifying the physical characteristics of those auditory
si gnal s.

11 The Auditory Conmunication W ndow

Signal audibility depends on signal frequency and level in relation to
hearing threshold at the same frequency. In the presence of noise the
threshold is elevated to a nasked threshold, when a higher signal level is
needed for audibility at a given frequency. Conversely very loud noise can
distort human hearing and reduce signal audibility and recognition. Hence
there is an upper limt to the level of auditory signals (Patterson 1978,
1982) which is simlar to that recommended for the avoi dance of hearing
hazards (see Part 5 of this Standard). These points are conveniently
represented in an auditory communication w ndow (see Figure 1). Further
information is available in Part 9 of this Standard. The absol ute
threshold, the lowest line in Figure 1, is unsuitable, since it is derived
fromthe sounds just heard by about 50% of persons within the age limts of
18 to 25 years inclusive (see BS 3383:1988). An effective limt some 12 to
15dB hi gher than the 'absolute' threshold may be assuned for User

popul ations that are nonitored regularly for good hearing, eg aircrew
According to Coonbe (1980) some 17% of arny recruits at induction had
hearing |osses of 30 dB or nore at one or nore of the standard audiometric
test frequencies between 250Hz and 8kHz.  Assuming that these |osses were
evenly distributed over frequency, a hypothetical lower limt can be made
as an exanple of the reduction which can occur in the available auditory
communi cation window, illustrated in Figure 1 by the dashed |ine |abelled
Effective service limt. Auditory signals should be based on frequencies
in the range 300Hz to 3kHz. There should be sufficient energy in the
frequency range bel ow 1500Hz to neet the needs of personnel with hearing

| oss or wearing hearing protectors.

12 Signal Audibility in Quiet Conditions

12.1 For the purposes of this Standard quiet conditions occur when anbient
or background noise levels are less than 50 dB(A). Limting sound |evels
fromauditory signals to be heard in quiet conditions are suggested at 12.2
and 12.3. For free-field conditions, the sound levels are relevant to the
head position of a listener, but measured in the absence of the |istener.
For conditions requiring the use of headphones, the sound |evels are

rel evant to signals nmeasured beneath the headphones at the ear of a
listener who is present.
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12.2 Maximumlinmit. The maxinum |l evel for an auditory signal presented in
qui et conditions should be 90dB(A), preferably 85dB(A). Even so,at this

| evel an undesirable startle reaction may be produced (see 17). Unexpected
auditory signals, particularly those in category one ﬁSee B10 to Bl4),

shoul d be audible to all intended |isteners. Signal |evels above 90dB(A)
may be justifiable in some signal reception areas, and for sone |isteners,
in order to achieve signal audibility for others. Potential hazards to
hearing should be nininized by limting exposure duration (see Part 5 of
this Standard).

12.3 Mnimum linit. The mninum sound |evel for an auditory signal
presented in quiet conditions shall be 65dB(A), (see |1SO 7731: 1986).
This limt shall be reduced only when there is direct evidence of
popul ation hearing levels suited to a |ower limt.

12.4 Night operations. For equipnment to be used silently at night the
sponsor may designate a single value of 60dB(A) at the ear under an
earphone. In this case personnel should be nonitored regularly for good
heari ng.

10
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13 Signal Audibility in Noise

13.1 The presence of noise will affect both upper and lower limts for
auditory signals. However, in the absence of data for assessnment and
prediction of suitable sound levels very little positive guidance can be
given. The suggested levels are free field or at the ear as for signals in
quiet conditions (see 12).

13.2 Maximum limt. The maxi mum sound | evel for a signal presented in

noi se is based on three criteria: the need to avoid hearing hazards

startle reactions and distortion of the signals presented. Signals need be
no nore than 15dB above masked threshold in order to be effective.

13.3 MnimumLimt. In the absence of suitable data for assessnment or
prediction it is only possible to reconmend that signals are at |east 15dB
above masked threshold in at |east one preferably three 1/3rd octave bands
(see also SO 7731: 1986)

14 Signal Leve

14.1 Auditory signals should preferably be presented within a
predetermned and fixed range of sound level. Wen an equi pment must be
used both in relatively high anbient noise |evels and also in very quiet
conditions, eg without detection by a potential eneny, it is permssible to
provide a volume control, which shall not permt a zero signal. A volume
control shall therefore provide either a choice between present |evels,
usual l'y high and low, or continuous adjustnent between preset mnimum and
maxi num signals. Throughout the range of a volunme control, auditory
signals shall conmply with the requirenents for audibility and safety (see
Part 5 of this Standard)

14.2 A regular auditory signal shall be available to permt the human
operator to set and nonitor a volunme control. The confidence signal, when
provided, shall be used for this purpose.

14.3 Wen provided, a volume control shall adjust to a simlar extent the
sound levels of all the auditory signals in the set, subject to permtted
mnima and maxi ma.

15 Signal Intrusiveness and Cancellation

15.1 It is known that wthout taking the intended action, overloaded human
operators will occasionally use a cancelling control in order to renove an
intrusive warning signal. In order to avoid such situations, designers are
advised to reduce the intrusiveness of the signal, or to reduce operator
workload. It is inportant automatically to link cancellation to the
corrective action, and, if an erroneous response is nmade, to generate an
automatic increase in signal urgency. Provided required responses and
actions can be correctly identified within the equipnent, an increase in
safety could be achieved.

15.2 Cancellation of an auditory signal should reinstate automatically
signals of lower priority which had been suppressed. It is preferable that
rei nstatement should be del ayed pending identification of correct response
to the signal of higher priority.

11
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Section Four. Signal Recognition

16 General

In order to be effective an auditory signal must be recognized. In this
context recognition of an auditory signal occurs when attention is gained
and |isteners successfully discrimnate the signal fromall other sounds.
The association of a meaning with a recognized sound is covered in
Section Five.

17 Attention Gaining

An auditory signal nmust gain the attention of human operators concentrating
on tasks other than listening for an unexpected signal. Increasing signa

| evel can, and often does, cause startle reactions (see 18). The better
course of action is to select distinct signal characteristics, as different
frequency content or tenporal patterns are likely to be nore effective in
this respect than an increase in signal level. Specific operator tasks
wi Il have an inportant influence on attention gaining. Therefore these
design suggestions should be trialled using |isteners who are carrying out
their normal duties

18 Startle Reaction

Abrupt onset and offset of an intense warning sound can and often does
produce a startle reaction characterized by transitory general nuscle
tension.  Such abrupt sounds can cause a tenporary disruption of cognitive
thought (Patterson 1982). Hence signals shall be arresting yet not
startling. This apparent conflict stems fromthe belief that all warnings
must be generated as quickly as possible, when in fact instantaneous
response is often beyond human capability, and in some cases should be

di scouraged. Correct onset of warnings can permt decisions undiverted by

startle reaction. In general, designers shall avoid using, in the first
0.2s of a signal: abruptly rising waveforns; square topped waveforns, eg
use trains of rounded pul ses (see 22); or nmaxinmumlevel. Startle reactions

may be expected when sound l|evel rises by nore than 30dB in 0.5s.

19 Signal Discrinnation

Wien signal audibility and sufficient attention gaining have been secured
for a signal, it is still necessary to ensure discrimnation from other
signals. Historically, variation of one acoustic dinension has been
regarded as sufficient for this purpose. For signals in categories one and
two, the signal shall be domnantly different from other sounds in the
reception area, in at least two of the follow ng acoustic parameters; sound
level in a selected bandw dth; frequency conbination; and tenporal pattern
Al'l other categories of a signal ghall be so in at |east one of the above
acoustic paraneters

20 Discrimnation of Siagnal Leve

Subj ective assessnent of signal level is unreliable (Schubert 1979) and
shall not be used as the sole means of discrimnation between signals.
Wthin a signal, changes in level are recognizable, as in interrupted
signals or anplitude nmodul ation.

12
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21 Discrimnation of Freguency

Al though signal recognition should never rely on a sense of absolute pitch
discrimnation between frequencies is easier than between signal |evels.
Even smal| changes in frequency within a signal are recognizabl e when
presented for immediate conparison under quiet conditions, eg a few Hz
either side of 1kHz. There should be sufficient energy bel ow 1500Hz in the
signal to permt recognition by |isteners wearing hearing protection, or
suffering from hearing loss. Selection of a harnonically related group of
frequenci es can produce signals which are nore robust to the distorting
effects of noise, even when the frequencies in noise vary. Such signals
are robust to the effects of noise because of the human ability to
recogni ze the fundanental frequency in such signals even when it is masked
or even absent. Consequently designers should adopt multiple harmonic
relationships within signals yet avoid them between the frequencies of
signals intended to carry different meanings. In this respect it is
inportant to evaluate all signals in the same trial

22 Discrimnation of Tenporal Pattern

Regul ar interruption of a signal has been widely used as an aid to
recognition. Consistency in repetition is more inportant than the val ue of
on-off tine selected fromw thin the general guideline of 0.5 to 2s. Mre
recently different rhythmc patterns of signal pulses have been formed into
di scrimnabl e sequences, which thensel ves may be repeated to form pul se
trains. (see Patterson 1982) The follow ng sub-clauses are based on the
principles referred to above. They have been derived for auditory signals
on the flight deck of civil aircraft and efficacy in other situations
shoul d be confirmed experinentally.

"Users of this Standard shall note that the processes may be clained to be
subject to patent rights in this or other countries (see preface viii ).”

22.1 In order to achieve the best conprom se between signal recognition,
avoi ding startle reactions, and reducing interference wth normal speech,
pul ses shoul d be constructed from several harnonically-related frequencies
suited to the available auditory conmunication w ndow (see Fig 1 and Part 9
of this Standard) and the sound which is to be perceived. The optinmm
signal should be nodul ated (AM or FM at between 0.5 and 4Hz.  Each pul se
shoul d last for 100 to 150ms, rise or fall within 20 to 30nms, have a top

| evel for about 100ns yet be rounded through 25ms quarter sine-wave gates.

22.2 A sequence of six pulses is illustrated in Figure 2. Wthin a
sequence, the spacing need not be regular, although once fixed it should be
retained in repetitions, unless a different sound is needed. It Is
possible to increase the apparent urgency of a sequence by reducing the
spaci ng between say the first four elements (see Figure 2). In contrast

| onger spacings are appropriate for initial auditory signals or attensons.
Short bursts of sound (pul se sequences) separated by 5 or 10 seconds can
present information effectively with little or no interference with speech

22.3 For Pulse Trains the overall level of repeated signal sequences can
be varied (see Figure 3) such that the initial sequence is well above
masked threshold, yet below startle level; mddle sequences may be at a
maxi num conpatible with the absence of hearing hazard; several final
sequences may be at the |lowest |evel audible thus reinforcing the message
and pernitting superinposed human voi ce communication. Such automatic
reduction in level will nmake the signal appear |ess "selfish".

13
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Figure 2 COMPONENT PATTERNS FOR AN ADVANCED AUDITORY WARNING SOUND

Note: The basic pattern is four regular-spaced pulses of sound followed by two irregularly spaced pulses.
The different rows show varying levels of urgency.

14
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Figure 3 THE TIME COURSE OF A COMPLETE AUDITORY WARNING

Note: Each trapezium represents a burst of pulses, the rectangle represents a voice warning.
The heights indicate the relative levels of the component sounds.
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Section Five. Siagnal Maning

23 CGenera

In order to be effective an auditory signal once recognized, nust also be
understood, ie each auditory signal shall be associated unanmbi guously with
a single neaning. This Section of this Standard provides genera

gui delines on the reduction of signal anbiguity, and suggestions for the
sel ection of specific auditory signals.

24 Si gnal Nunber

The specification of a generally applicable nmaxi mum nunber of auditory
signals is beyond practical definition. In order to avoid anbiguity
experience suggests that no nore than six, preferably four auditory signals
shoul d be used (see Patterson 1982, Col eman 1984, and W kins 1981).
Designers are advised to use no nore than are necessary, and |less than the
advi sed maxi mum whenever possible, unless directly relevant experimenta

evi dence can be provided to the contrary.

24.1 Gouped visual displays should be used to provide specific and
detailed information, and master auditory signals to draw attention to them
(see Defence Standard 00-970 and US ML STD 1472 Q)

24.2 Attensons and speech supplenents shall be used only when the signa
| ength does not inpair the reception of other auditory inputs, including
voi ce comuni cation wth other personnel

25 Previ ous Meani ngs

Vel | -known sounds previously associated with an intended meani ng shoul d be
incorporated in new designs, including the perpetuation of specific
frequencies or frequency conbinations in the design of signal pulses.
Exanples for aircraft are given in Defence Standard 00-970 and for ships in
Naval Engineering Standard 599, eg submarine diving alarm

25.1 Specific physical characteristics of well-known auditory signals
shall not be incorporated into signals carrying different meanings, whether
or not the well-known signal appears in the signal set.

26 Apparent Urgency

The nore rapid the repetitions of signal sequences the more urgent they
will sound, eg the rate of signal nodulation or repetition of pulse
sequences in a pulse train. Both apparent urgency and attention gaining
charﬁcteristics shoul d be matched to the relative priority of each signa
in the set.

27 Auditory Displays

Wien it is necessary for a human operator to nmonitor changes in a known
factor, an auditory display can be preferable to a visual display,
particularly when a specialist monitors the display continuously as a
primary task. Equi pnent designed to detect dangerous objects, materials or
subst ances shoul d enmpl oy continuous auditory displays, particularly when
the detection rate is low |In such cases the auditory signals may be coded

16
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27 (Contd)

for proximty. Increases in signal frequency, in rate of signal nodul ation
or inrate of signal repetition, shall indicate closer approach. For this
pur pose, designers should avoid using increase in signal |evel, which
can prove unreliable, particularly in the presence of variable background
noise. Changes in sensor output should produce corresponding responses in
the auditory signal. Direct sensor to signal relationships are preferred
Del ays caused by signal processing, for exanple, are undesirable, and are
likely to increase task difficulty and human error

28 Erroneous Signals

Frequent false auditory signals occurring either as a result of a fault in
equi prent (a false alert) or of an environnental factor (a false alarm,
wi || degrade user confidence and the neaning of a true signal. The
reliability of equipment shall be sufficient to reduce equipnent faults to
the mninmum specified by the sponsor. Designers are encouraged to seek
ways of avoiding interactions between equi pment and the environment which
are known to cause auditory signals. A 'fault warning' shall be treated as
e}thﬁr ? warning signal or a cautionary signal depending on the criticality
of the fault.

17
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Section Six. Requirenments for Specific Auditory Signals

29 Ceneral

This Section of this Standard provides guidance on the design and sel ection
of suitable attributes for specific auditory signals including: Emergency
Evacuation Signal; Warning Signal; Cautionary Signal; Advisory Signal
Confidence Signal; Al Cear; Verbal or Voice Signals.

30 Energency Evacuation Signals (see B.18)

30.1 Pending publication of British and International Standards on
Energency Evacuation Signals (EES) the follow ng guidelines are suggested
for suitable Defence applications, eg fire alarnms in offices, barracks,
stores and other buildings

(a) an EES shall be audible above all other auditory signals and
envi ronmental noise in the reception area;

(b) an EES shoul d have high attention gaining characteristics;

(c) an EES may be conpl enented by visual signals. Reinforcement of signals
may be achieved by matching any rate of flashing presented visually with
variation in the tine pattern of the auditory signal

(d) equipnment shall be designed to permt the sounding of an EES for
training purposes. In order to aid the listener(s) to retain signa
meaning in nmenory, it is likely that unexpected practice will be necessary.
Rare real energencies are likely to be insufficient for this purpose;

31 Warning Signals (see B.39)

31.1 A warning signal shall have priority over auditory signals in
categories three, four and five. It should delete, suppress or obliterate
cautionary and advisory signals. Suppressed signals shall be reinstated
automatically, when the condition giving rise to the warning signal has
been correct ed.

31.2 The physical characteristics of warning signals should be chosen to
enhance attention gaining characteristics. For preference, conplex,
interrupted or nodul ated signals should be used. Interruption rates shoul d
produce equal on-off times which [ie between 0.5 and 2 seconds. The

m ni mum base frequency for nodul ated signals should be between | kHz and 1.5
kHz, and the ratio between the maxi mum and m ni num frequency should be at
least 1:1.3 and not nore than 1:2. Further information is available in

| SO 7731: 1986.

32 Cautionary Signals (see B.15)

31.1 A cautionary signal shall have priority over auditory signals in
categories four and five. A cautionary signal should delete, suppress, or
obliterate any advisory signal. Such suppressed advisory signals shall be
reinstated automatically when the condition causing the cautionary signa

is resolved or the signal is acknow edged or cancelled by the operator (see
al so 15)
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32.2 Cautionary signals should reduce the need for warning signals, by
providing instead an early pronpt for corrective action, eg before danage
occurs to engines or machinery as a result of overheating or |ack of oil

32.3 The physical characteristics of cautionary signals should provide
sone attention gaining potential after priority allocation of such
characteristics have been made to warning signals in the signals set.
Basi ¢ frequencies between 400Hz and | kHz are preferred, subject to any
limtations in the available auditory commnication w ndow (see 10).

33 Advisory Signals

33.1 Advisory signals are of low priority. They do not normally require
hi gh attention gaining characteristics, which shall be reserved for warning
and cautionary signals eg square, sawooth, ramp and simlar waveforns.
Short soft signals at |ow audio frequencies, or several harnonically
related frequencies are suitable. Although the nature of the task will

i nfluence the choice of physical characteristics, frequencies between 250
Hz and 400 Hz are preferred.

33.2 Particular advisory signals are given separate nanes for convenience,
eg Confidence Signals (see B.17) or Attensons (see B.5).

34 Confidence Signals

34.1 Designs which purport to provide a confidence signal derived solely
fromthe operation of an on-off switch shall be prohibited

34.2 Confidence signals shall be presented either less frequently than, or
at the cylic rate of, successful output fromthe BITE Wen it is
necessary to avoid interaction with other auditory signals, presentation
rates should be low, yet related to the criticality of the task. The
sponsor of an equi pnent should define the maxi numtime, between successive
presentation of an intermttent confidence signal, and the valid continuous
presentation after a successful output from the BITE

34.3 The physical characteristics of confidence signals should conformto
the guidelines for advisory signals. Experience has shown that a suitable
signal is formed by a soft intermttent burst of white or pink noise (see
Annex B) lasting from0.5 to 1s and repeated at regular intervals of from7
to 10s. Precise control and consistency of the repetition rate over the
life of the equipment in service and between simlar equipment, is far nore
inportant than precise specification of signal duration or interval tinme.

35 All dear Signals

35.1 An all clear Signal is a category five auditory signal which is
conplenentary to an auditory signal of category one. Pending publication
of British and International Standards on this topic, the follow ng

gui del i nes are suggested for suitable Defence applications, eg return to
nornmal duties after an energency signalled by an EES (see 29).

35.2 If used, an all clear signal shall be sounded continuously for at
| east 30s at a constant frequency or harmonically related frequencies.

35.3 An all clear may be conplenented by a steady green visual signal
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35.4 Equi prent shall be designed to permt the sounding of an all clear
for training purposes.

36 Voice Signals

Auditory signals shall not be expected to carry the detailed information
that is contained in words until attention has been gained. Once attention
has been gained by an initial non-verbal signal or attenson, it is
permssible to add spoken words. The detailed information given thus
shoul d guide the |istener, wherever possible, to information in a visual
display, (see Part 7 of this Standard), which is the preferred node for
such purposes. The verbal conponents in auditory signals can be used not
only as a guide to a visual display, but also as a reinforcing suppl enent
to it. This can be very useful when the listener is involved in conplex
duties with a high workload. Al verbal conponents of auditory signals
shall conformto the requirenents of Part 9 of this Standard. Wrds shal
be chosen to avoid ambiguity with other words through contrast in
pronounced sound as well as in pre-learned nmeaning ?see Def ence Standard
00-970 Chapter 105). The following rules apply

(a) verbal conponents take a relatively long time to present, and thus the
risk of interference with speech comunication is greater than with
non-verbal signals;

(b) verbal conponents are usually easy to learn and difficult to forget;

(c) confusion can occur wth normal speech comunication with other
personnel

(d) voice warnings should be used only to supplement non-verbal warnings;

(e) anbiguity of meaning shall be avoided when the sanme words are used in
visual displays (see Parts 7 and 4 of this Standard);

(f) in either auditory or visual signals, the use of abbreviations
shall not lead to ambiguity in either node

(g) the information in a verbal signal may be repeated at a nore noderate
level as a reinforcement, and subsequently at an even |ower yet audible
level. After a tinme and in the absence of corrective action, or
cancel l ation, the verbal nessage can be repeated at the nore noderate
intensity as a reninder.
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Section Seven. Training Aids

37 CGenera

The majority of training aids are produced in the formof handbooks,
manual s or simulators and audio-visual aids. The latter have been
introduced into training programmes, to an increasing extent. In this
context it is possible to make personnel aware of auditory signals, and
give them an experience of them In order to reinforce the link between
the perceived sound of an auditory signal and its meaning, there are a
nunber of design actions which can be taken.

38 User Expectancies

In order to reduce training costs, it is inportant to select auditory
signals which are widely recognized, and associated with a specific
meaning. In order to ensure that the intended neaning is perpetuated it is
necessary to retain the perceived sound. The need for additional training
shoul d be consi dered when synthetic speech is used (Schwab et al 1985,
Sinpson et al 1985, Slow aczek et al 1985)

38.1 In order to achieve useful matching with user expectancies for the
intended signal, repetitive signal changes and re-testing may be necessary.

39 Consistency in Signal Maning

For the transfer of training, it is necessary to achieve consistency in the
signal meaning associated with given signal characteristics. It is
inportant to recognize that personnel are likely to use several simlar
types of equipnent during their careers due to the replacenent of

equi pment, individual postings or rotation of duties for exanple between
Arny units, RN ships or RAF squadrons. In support of this statement E D
Schubert (1979) is quoted, "By the very nature of its task the auditory
systemis nost useful if it does not associate a given identifiable signa
wth a particular fixed loudness. Conversely it is nost adaptable if it

| earns about signals in everyday use, irrespective of their |oudness, and
recogni zes a signal no matter how variable its actual |oudness or intensity
may be fromone tine or one environnent to another." The perpetuation of
wel | -known signals is already a requirenent in NES 599.

40 Reninder Signals

40.1 A sequence of short rem nder signals can be generated automatically
when an equi pment is switched on, or on demand, eg at hand-over to the next
wat ch appropriate inportant applications are as follows:

(a) signals are sounded in a sequence of increasing urgency and priority.
If a confidence signal is used, the sequence should start with it, revert
to it at the end, and continue it, if the equipment is functioning
correctly;

(b) when Built-In Test Equipnent (BITE) is fitted, the BITE shall drive

the sequence, start with it, revert to it at the end, and continue it, if
the equipment is functioning correctly
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40.1 (Contd)

(c) when BITE is not fitted, the BITE shall drive the sequence of rem nder
signals after successful conpletion of the automatic tests;

(d) the above principles for remnder signals may be incorporated into the
sw tching on and checking of individually operated equi pment, or of
sub-systens in large or conplex equipment, eg in the pre-flight checks of
aircraft. In this context it is inportant that reference is also made to
the existing single Service standards and |earned start-up procedures (see
Def ence Standard 00-970, NES 599)
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Section Eight. Evaluation of Auditory Signals

41 Genera

41.1 Each auditory signal, and the conplete set of auditory signals shall
be eval uated when using prototype equipment during devel opment; in a sanple
of production equipment, if required by the sponsor; and whenever a new or
modi fied auditory signal is introduced into the set.

41.2 Each auditory signal, and the conplete set of auditory signals, shall
be eval uated according to the principles and test methods set out in | SO
7731: 1986 as well as those summarized in table 1 below

Table 1

Auditory Signa

Measur ement _and Listening Test Methods

Audi tory Signal Methods

Criteria and Remarks

Conpliance with the requirenents of
Section Three of this Standard
shall be checked by neasurenents
taken at the head |ocation of
listeners and in their absence, or
at the ear of |isteners wearing
headphones (Rood 1984) as
appropriate

Sound Level meters shal
be at least class 2 as
defined in BS 5969: 1981
(see also 1S0 266 and

| EC 225.)

Until criteria are net, measurements
shall be taken for each signal, and
the greatest conbined anbient and
background noise in the follow ng
sequence:

As a criterion is net,
subsequent criteria become
opt i onal

(a) A-weighted sound |evel

That of the signal shal
be at |east 15dB above
that of the noise, and
shall be at |east 65dB(A)

(b) Frequency analysis in
octave bands.

The sound | evel of the signa
shall be at least 15dB greater
than that of the noise in at

| east one octave band.
Preferably the maxi mum octave
band | evel of the signal shal
be in a different band from
that of the noise.
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41.2 Table 1 (Concl uded)

(c) Frequency analysis in
1/3rd octave bands.

The sound |evel of the signa
shall exceed that of the noise
by at least 15dB in at |east
one, preferably three

1/3rd octave bands.

(d) Tenporal distribution
of the A-weighted sound
| evel s.

The tenporal distribution
of signal energy shall be
distinct fromthat of the

noi se. The pul se frequency
of a signal shall not be
identical with any periodic

fluctuation in the noise |evel

Li steni ng Test Met hods

Conpl i ance with Sections Four and
and Five of this Standard shall be
checked by sounding an auditory
signal in the |oudest conbination

of anbi ent and background noi se, and
in all inportant frequency variants
of it.

Noi se may vary in |evel and

in frequency content eg the

noi se on the flight deck of
aircraft during descent.

Each condition should be checked
separatel y.

Auditory signals shall be sounded
unexpectedly to each of a group of
10 listeners, representing the range
of age and noi se induced hearing

| oss of the user popul ation. The
test shall be repeated on five
separate occasions.

If fewer than 10 users exi st
all should participate. Al
|isteners shall recognize al
signal soundi ngs without
anbiguity. Instructors should
be consi dered.

The listeners shall wear persona
hearing protection if appropriate.

The listeners shall carry out the
tasks or sinulated tasks done as
their normal duty in the signa
reception area

Operational clothing and persona
equi pment shoul d be worn during the
tests.
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42 Flexibility in Desiagn

In order to save time and reduce the costs of repetitive testing and
redesign, it is inportant to evaluate auditory signals at an early stage in
design, and where possible predict signal effectiveness. Helpful reference
may be made to two extensive studies of this kind by Patterson (1982) and
Coleman et al (1984). Designers are encouraged to successively refine
avai | abl e data and recogni ze that at |east some adjustment and retesting of
auditory signals wll probably be necessary. Hence for the purposes of
this Part of this Standard, equipnment shall be designed to permt easy and
rapid replacenent at |[ow cost of those conponents generating or controlling
the physical characteristics of auditory signals. Part 11 of this Standard
includes guidelines on ease of access and replacenent.
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Section N ne. Checkli st

43 Ceneral

A checklist or aide nenoire is set out belowin the formof a
questionnaire. Mire direct guidelines are given by Coleman et al (1984)
aléhough t hese have been devel oped specifically for the coal m ning

i ndustry.

44 Per sonnel

44.1 Have all the potential listeners been identified? Are special
categories of user included, such as older and partially deaf personnel, or
instructors as well as operational personnel?

44.2 Are hearing thresholds available including masked thresholds where
appropriate? If not, are steps being taken to measure thenf?

44.3 Are panels of at least 10 listeners, representative of the users,
avai l able for participation in tests of early acceptability as well as for
final evaluation? If not, what action is being taken to ensure their
avail ability?

44.4 To what extent are vision, hearing and particularly speech
communi cation in active use when auditory signals are to be generated?

45 Signal _Meani ng

45.1 What information nust be transferred to the user? Can this
information be classified into a small nunber of coherent groups? |Is the
audi tory channel used to transfer detailed information? |If so, is this
avoi dabl e?

45.2 In consultation with the user, has a decision been made on the need
for a confidence signal? After the selection of meanings for intended
auditory signals, have relative priorities been allocated?

45.3 Are sinple or conplex auditory signals required? Are verba
conmponents needed? If so, what is the vocabulary used with present

equi pment, and has an initial list of keywords been selected for tests of
compatibility with user expectancies, and for potential anbiguity?

46 The Environnent

46.1 Is there any source of anbient acoustic noise in the working
environnent, or of background acoustic noi se generated by the equipnent?

46.2 If so, what actions are needed to obtain data on the sound |evel and
spectral conposition of each major portion of the mssion or duty cycle,
whi ch shows a consistently distinct noise characteristic?

46.3 In any noise present, are there any periodic fluctuations which wll
mat ch and therefore mask any tenporal patterns intended for auditory
signal s?

46.4 Do intended signals satisfy criteria to avoid hazards to hearing?
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47 Signal Characteristics

47.1 Have signal characteristics been selected to ensure signal detection
and recognition including:

(a) cross-systemconpatibility with functionally simlar systens or
equi pment ?

(b) sufficient attention gaining and apparent urgency of signal to conform
with allocated priority and neaning?

(c) sufficient discrimnation of each signal fromall others in the set?

(d) sufficient harnonic ponPonents to ensure consistency in perceived
sound irrespective of variable degrees of masking by noise?

absence of signal nodul ations (AMor FM which are close to periodic

(e)
fluctuations in environnmental noise?

I
(f) a preference for tenporal patterns in which the signal is nodul ated at
between 0.5 and 4Hz (AMor FM and presented as bursts of sound or pul ses
separated by relatively long intervals.

48 Tests Trials and Eval uation

48.1 Practical tests, trials and evaluations nust formthe final basis for
evaluation. In this context, are sufficient resources available to ensure
that:

(a) a test panel of at least 10 user representative listeners is used?

(b) the anbiguity, attention gaining and urgency aspects of signals are
tested on skilled personnel carrying out normal duties?

éc).real or sinulated equipnment is available for trained personnel to use
uring tests, trials and eval uations?

(d) all intended auditory signals are tested for nutual conpatibility and
di scrimnation?

(e) listener tests are carried out in real or sinulated conditions of
ambi ent and background noi se, and if appropriate, speech and other auditory
signal s which are sounded simultaneously or close by?

(f) the design permts easy and relatively |ow cost changes in the
conponents generating the auditory signals, thus facilitating response to
the results of trials and eval uation?

(g) simlar flexibility is built into production nodels to permt adaption
to either new or changing operational conditions?
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ANNEX B

Definitions

For the purpose of this Part of the Defence Standard the definitions
given in BS 4727 apply together with the fol | ow ng:

B.1 Advisory Signa

A category four auditory signal (see B.13). For aircraft, Def Stan 00-970
states that an advisory signal is "A signal used to indicate aircraft
configuration, a condition of performance, the operation of essentia

equi prent or to attract attention for routine purposes". On substitution
of 'equipnent' for "aircraft', this definition is acceptable for wider
use.

B.2 Alarm

The term'alarm is avoided in this Part of this Standard, except when
linked to a specific situation, eg, 'Fire Alarmi) For ships, NES 599 states
that "An ALARM denotes that an energency situation has arisen, which
endangers the ship, its personnel, or essential equipment and for which an
i mredi ate decision or action nust be taken. An al arm signal may be
requi red when an essential equi pment has mal functioned and the effect of
the mal function is not otherw se readily and i medi ately apparent”.

B.3 Alarm and Warni ng System

That system which is used to provide a co-ordinated and controlled

i ndication of alarnms and warnings, in a ship or submarine, at such
positions that the correct decision and/or action can be taken within an
appropriate time (NES 599)

B.4 Anbi ent Noi se

Enconpassi ng sound (at a given place), being usually a conmposite of sounds
from any sources, near and far.

B.5 Attenson

The initial, non-verbal and attention gaining conmponent of an auditory
signal which subsequently contains speech

B.6 Audible Signa

An audi bl e sound which is distinct fromother sounds in a specified
environment and audible to all listeners, who either associate with it a
specific neaning, or who may learn to do so.

B.7 Auditory Signa

A sound, the physical characteristics of which are distinct fromthose
of others but which is not necessarily audible to all potential |isteners.

B.8 Auditory Signal Systens

That systemwhich is used to provide a co-ordinated and controlled
indication of a signal set, at such positions that the correct decision
and/or action can be taken within an appropriate time. (NES 599).
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B. 9 Background Noi se

Total of interference fromall sources in a systemused for the production,
transmssion, detection, measurement or recording of a signal

B.10 Category One Auditory Signa

A sound denoting that a critical state exists; emergency action is
required of all personnel in the affected |ocations/environnents.

B.11 Category Two Auditory Signa

A sound denoting that inmediate danger exists; specific and inmediate
action is required of selected personnel; for others current operationa
duties continue.

B.12 Cateqgory Three Auditory Signa

A sound denoting that abnormal conditions exist or danger is inmmnent;
i medi ate awareness is required of selected personnel followed by early but
not necessarily inmmediate action

B. 13 Cateqgory Four Auditory Signal

A sound denoting that conditions are within normal linits; awareness
Is required, but not necessarily action; normal duties continue.

B.14 Cateqory Five Auditory Signa

A sound denoting that conditions have returned to normal; normal duties
are to be resuned.

B. 15 Cautionary Signa

A category three auditory signal. For aircraft, Defence Standard 970
defines it as "A signal indicating the existence of a hazardous or

I npendi ng hazardous condition requiring attention and early but not
necessarily immediate action". On the inclusion of 'an abnormal condition
not covered by a warning signal, or' "after existence of", this definition
Is suitable for wder use

B. 16 Conpl ex Signa

An auditory signal, usually digitized, which permts easy manipul ation of
sound level, frequency content, or tenporal pattern in an auditory signa
system

B. 17 Confidence Signa

An advisory signal driven fromrepetitively successful outputs from
built-in test equipment. BITE is used in a critical situation to indicate
that an equi pment is on and working correctly, when that information is not
available reliably, readily and immediately to the human operator. For
exanpl e, the Confidence Signal produced by a hand-held mne detector may
reduce apprehension and thus potential human errors.

B-2



| NT DEF STAN 00-25 (PART 8)/1
ANNEX B (Continued)

B. 18 Emergency Evacuation Signal

A category one auditory signal (see ISO 7731: 1986). It is used to

i ndicate the beginning or the actual occurrence of an emergency involving
the possibility of injury and instructing the person(s) to | eave the danger
zone in the recogni zed manner

B. 19 Environnental Noise

The total acoustic noise fromall sources in the auditory signal reception
area, usually the sum of anbient and, if any, background noi se.

B. 20 Equi pnent

A generic termused in this Standard to cover all products designed or
rppgped for the M, including for exanple, weapons, vehicles and
ui | di ngs.

B.21 False Alarm

A termused to indicate an auditory signal correctly generated in response
to an environmental factor other than the intended cause for the particular
si gnal

B.22 False Alert

The sounding of an auditory signal erroneously by an equi pment.

B.23 Fault Warning

An auditory signal indicating a fault in the equipment. The criticality of
the fault determnes the category of signal to be used

B.24 Listener (G oup)

Al the Users involved in the reception zone of an auditory signal, or a
group of at least 10 subjects chosen to be representative of the age
structure, and to include those with the worst hearing acuity encountered
in the zone

B.25 Mnimum Audi ble Field

The effective threshold of audibility in noise which is the |level of sound
at which an auditory signal is just audible in anbient noise taking into
account the hearing deficiencies of the listeners as well as the
attenuation of hearing protectors, (see 1SO 7731: 1986).

B.26 Master Auditory Signa

An auditory signal used to draw attention to a group of related and closely
| ocated visual displays, which provide additional information. Either or
both master warning signals and nmaster cautionary signals are acceptable as
permtted under Defence Standard 00-970, or a conmon master auditory signa
attracting attention to visual displays of category two and three
information, eg in ships as required under NES 599.
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B. 27 Pink Noise

Noi se whose power spectral density is inversely proportional to frequency.
B. 28 Pul se

A short burst of acoustic noise

B. 29 Pul se Sequence

A specific pattern of repeated pul ses.
B.30 Pulse Train

A pattern of pul se sequence repeated at intervals, into which suitable
vol ce conponents may be inserted

B.31 Sequence

See pul se Sequence.
B. 32 Set

See signal Set.

B. 33 Signa

A detectable oscillation in a nedium in the context of this Part of this
Standard an audi bl e sound, which is capable of carrying information.

B.34 Signal Pul se

See Pul se Sequence.

B.35 Signal Category

A class of auditory signals intended for specified groups of I|isteners.

B.36 Signal Set

Denotes all the auditory signals used to transnit information to a person
or a group of personnel.

B. 37 Sounder

A device which converts electrical (audio) signals into auditory signals.

B. 38 Warni ng

For ships, Naval Engineering Standard 599 states that, "A warning indicates
and draws attention to abnormal conditions not covered by an alarm for
which early remedial action is required. In this context it may be used to
indicate a condition outside of selected limts". In order to avoid
anbiguity in this Part of this Standard the term'Wrning' is not used in
lieu of "Warning Signal' nor in lieu of 'Cautionary Signal'.
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ANNEX B (Concl uded)

B. 39 Warning Signa

A sound indicating the existence of an energency condition requiring

i mredi ate deci sion and/or action to avoid delay or reduce potential |oss of
life, equipment or operational effectiveness. (A category two auditory
signal). For aircraft, Defence Standard 00-970 defines it as "A signa
indicating the existence of an immnent catastrophic condition requiring

i mredi ate action or a limtation of the flight envel ope of the aeroplane”

B.40 Wiite Noise

Noi se whose power spectral density is essentially independent of frequency.
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