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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.

ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization

The prdcedures used to develop this document and those intended for its further maintenance ar
describg¢d in the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfor th
differenft types of ISO documents should be noted. This document was drafted in accordance with th
editoriall rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

AR CENY

-

Attentidn is drawn to the possibility that some of the elements of this document may, be the subject d
patent rjights. ISO shall not be held responsible for identifying any or all such patént'‘trights. Details @
any patént rights identified during the development of the document will be in thejintroduction and/ofr
on the I$0 list of patent declarations received (see www.iso.org/patents).

-

Any tragle name used in this document is information given for the convenience of users and does nqgt
constityte an endorsement.

jw)

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as inforfation about ISO's adherence to th
World Tyade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.orgl/
iso/foreword.html.

W

This dofument was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 4,
Ergonomics of human-system interaction.

-

Any feedlback or questions on this document shauld be directed to the user’s national standards body. /
completle listing of these bodies can be found at www.iso.org/members.html.
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Introduction

019(E)

Interactive systems have used auditory information as primary sources and, more commonly, to
enhance interactions in primarily visual systems since about the time the digital computer was
invented. Even before that, one can consider telephone conversations to be a type of interactive system

where information is presented aurally. The way participants in a telephone conversation

present

information to one another is largely based on learned and subconscious conventions. In the digital
realm, sound has been used in increasingly symbolic ways, straying out of necessity from the realistic

representations of nhlpr‘fc and actionsin the nhvclr‘n] world

{

hore difficult to intuitively understand what makes a sound scheme usable, whether inits d
ifs presentation. Since the main communication medium of modern interactive software is th
display, it is not surprising that a need was first identified for guidelines relating té present
yisual information. However, designers developing for both visual and auditory informatio
benefit from guidelines rooted in scientific discovery, that lead to clear andmsable communig
information, while not inhibiting the creative process.

This document focuses on guidelines for presentation of information in\the auditory modality.

'he success of this document will depend on its positive impact on usability of future systems pr
uditory information using these guidelines. However, this docutnent is not necessarily design|

e Wl o b N |

fusers:

) the user interface designer, who will apply these guidelines during the development proces

Q)

b) the buyer, who will reference this document déting the product procurement process, an
end users will gain from the potential benefits provided by the guidelines;

d) those responsible for ensuring products‘meet the recommendations in this document;

d) writers of software industry/Standard guides to be used by auditory interface designers.

d) designers of auditory interface development tools to be used by auditory interface designey

Inlike visual displays, the information conveyed through sound is typically sparse, and IIt seems

esign or
e visual
ation of
h would
ation of

psenting
ed to be

sed by the direct beneficiaries of this desired usability incréase. Instead, it serves the following types

wn
<~

H whose
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TECHNICAL SPECIFICATION ISO/TS 9241-126:2

019(E)

Ergonomics of human-system interaction —

Part 126:
Guidance on the presentation of auditory information

1 Scope

This document provides guidance for the auditory presentation of information contréled by s
irrespective of the device. It includes specific properties such as the syntactic or isemantic ag
i

ccount of human perception and memory capabilities.

This document does not address the hardware issues of the transmission.dind the production of
information.

NOTE1 Volume is dependent on hardware and thus cannot always bé absolutely controlled by s
df the software to take into account.

This document does not apply to auditory alarms, warnings or other safety-related uses of
information.

NOTE 2  Safety-related uses of auditory presentation/ef information are covered in various domair
gtandards, such as ISO 7731:2003 which deals withjauditory danger signals for public and work aj
IEC 60601-1-8:2006 which provides very specific réquirements for auditory alarms for medical devices.

While this document applies to the presentation of all non-safety-related information, it ¢
ipnclude application domain specific guidance (e.g., audio instructions for consumer products).

This document can be utilized thtroughout the design process (e.g. as specification and guid
designers during design or as a basis for heuristic evaluation). Its provisions for the present
information depend on the auditory design approach, the task, the user, the environment and t
dr multiple technologies that'can be used for presenting the information. Consequently, this d
dannot be applied withoutknowledge of the context of use. It is not intended to be used as a pres
det of rules to be applied in its entirety but rather assumes that the designer has proper info
gvailable concerningtask and user requirements and understands the use of available technolg

This document\does not address visual or tactile/haptic presentation of information or 1
ghifting for the presentation of auditory information in other modalities.

NOTE 3<IS0 9241-112 provides high-level ergonomic guidance that applies to all modalities.

hftware,
pects of

information, e.g. coding techniques, and gives provisions for the organization’ef informatiop taking

uditory

oftware.

HBnvironmental conditions can also affect the ability for sounds to be perceived, which can be beyond the ability

uditory

specific
eas, and

oes not

hnce for
ation of
e single
cument
criptive
rmation
gy:

hodality

| \ PO rofaraina
INULT IIIAdUIVTU ITITITCIICTC S

The following documents are referred to in the text in such a way that some or all of their

content

constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments)

applies.

ISO 9241-171, Ergonomics of human-system interaction — Part 171: Guidance on software accessibility

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

© IS0 2019 - All rights reserved
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ISO and
— ISO
— IEC

31
pitch

[EC maintain terminological databases for use in standardization at the following addresses:

Online browsing platform: available at https://www.iso.org/obp

Electropedia: available at http://www.electropedia.org/

perception of the highness or lowness of a sound’s frequency (3.2)

3.2
frequer
number

3.3
fundam
lowest f]

3.4
overton
higher 1
fundam

3.5

harmonic

overtond

3.6

harmonicity

degree
frequen

Note 1 tq
“inharm

Note 2 td
frequend

3.7
pure to
tone (3.]

3.8
intensift
power p

39
loudnes
percept

Icy
of complete oscillations per unit time of a periodic waveform

ental frequency
requency (3.2) component of a periodic waveform

e
one (3.18) produced simultaneously with a fundamental frequency~(3.3) and that, with th
bntal frequency, comprise a complex tone

(3.4) that is an integer multiple of the fundamental frequency (3.3)

to which a sound’s overtones (3.4) are compaosed of integer multiples of its fundamentq
ry (3.3)

entry: A sound with high harmonicity is called*“harmonic” while a sound with low harmonicity is calle
bnic”.
entry: The degree to which a sound’siovertones depart from being integer multiples of its fundamentd

y is called “inharmonicity”.

he
|8) composed of a single frequency (3.2) with no harmonics (3.5)

y
er unit area‘efa sound wave in a direction perpendicular to that area

s
on.of a sound’s intensity (3.8)

9%

'~

| =)

—

3.10
maskin

g threshold

sound pressure level below which a signal is not audible when in the presence of another specified

sound (i

.e. a masking signal or masker)

Note 1 to entry: The masking threshold depends on the sound’s frequency (3.2), the type of masker, and the kind

of sound

3.11
timbre

being masked.

quality given to a sound by its overtones (3.4)

© ISO 2019 - All rights reserved
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3.12

reverberation

resonance

echo

prolongation of a sound through reflection off objects or structures in the sound environment

3.13
interaural
relating to sound reception and perception by each ear considered separately

1;14
onaural

rlelating to sound emanating from a single sound source or presented equally from all sound soprces

3.15
rhythm
dtrong, regular, repeated pattern of sound

3.16

dccent

increased stress or emphasis on a particular sound within a sequence, usually by increasing its {ntensity
(3.8) or duration relative to other sounds in the sequence

317

garcon

duditory icon

brief, distinctive sound used to represent a specific object or event
3.18

tone

discrete musical sound
3.19

prosody
hythmic and intonational aspect efldnguage

3.20
lateral sound localization
dbility of a user to approximate the location where a sound originated

3.21
dccessibility
gxtent to whick products, systems, services, environments and facilities can be used by peoplg¢ from a
population with the widest range of user needs, characteristics and capabilities to achieve identified
doals in identified contexts of use

Note 1ite'entry: Context of use includes direct use or use supported by assistive technologies.

SOURCE: IS0 9241-112:2017, 3.15]

4 Application

4.1 Accessibility

Auditory presentation of information shall be in accordance with ISO 9241-171, which gives specific
requirements and recommendations for the presentation of information in the auditory modality and
the presentation of the same information in different modalities.

NOTE ISO 9241-171:2008, 10.6, contains significant guidance on the controllability and accessibility of
audio output.

© IS0 2019 - All rights reserved 3
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4.2 Applying the recommendations in this document

It is recognized that different clauses in this document apply in different situations:

— Clause 5 contains recommendations on appropriate usage of auditory presentation of information;
— Clause 6 contains general recommendations on the auditory presentation of information;

— Clause 7 contains recommendations on auditory dimensions;

Cl o) P - dos: L.
a DU U CUIIUAITIIO T CULVUIIIITIVITUAUIUITIO Ull beb\/ll’

— Clagse 9 contains recommendations on earcons;
— Clayse 10 contains recommendations on auditory coding.

Each individual recommendation should be evaluated for its applicability and, if judged to be applicable
should e implemented, unless there is evidence that doing so would cause deviation!from the desig
objectives, or would result in an overall degradation in usability. In judging whether applicabl
recommendations have been met, evaluators should evaluate the product or dbserve representativ,
users of|the product in the context of accomplishing the user’s task.

W =<

5 Appropriate usage

5.1 Visual system unavailability

If the uger’s visual system is either unavailable or overburdéned, then consider presenting informatio
aurally ninless there is reason to prefer tactile communication.

—

EXAMPUE 1  Ablind user’s visual system is unavailable, sg the user opts for an auditory presentation.

EXAMPLE 2 Inan application with a dense visual display of information, additional information is provided by
the audifory channel to possibly increase the user’s task performance efficiency.

5.2 Inadequate or excessive light

If the abjlity to perceive visually is limited by excessive light or darkness, including the need to maintaip
dark adaptation, consider presenting information aurally.

5.3 Inability to maintain-visual attention

If the t3sk prevents the-user from maintaining focus on a visual display, then consider presentin
informaftion aurally.

Uy

1)

EXAMPLE Anrauditory presentation used for a shop floor inventory application because workers using th
applicatipn are.moving around the shop floor and also using both hands much of the time.

4 M brevi L simolici

Auditory messages should be considered when:
1) messages can be short and simple;
2) other means of communication are not practical; and/or

3) aural presentation is more natural for the information to be presented than other modalities of
communication.

4 © IS0 2019 - All rights reserved
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5.5 Event-based messages

019(E)

If a message relates to or signifies an event occurring at the time of presentation, then consider

presenting the message aurally.

5.6 Messages requiring immediate action

If a message requires immediate action, consider presenting the information aurally.

./ Messages requiring verbal response

If a message requires a verbal response, consider presenting the information aurally.

.8 Permanence of message relevance

If a message needs to be referred to later, aural messages should not be usedvalone (i.e. a re
resentation of the message in a more permanent manner).

.9 Attention capture

hen the attention is required of a user who can be focusing on other tasks, consider using s
apture the user’s attention.

XAMPLE A user looking away from a visual display is alerted by an audible tone to look at new infi
vailable on the display.

.10 Muting sound

Auditory presentation
6.1 General

6.1.1 Auditory channel overload

Auditory presentation of information should be used sparingly so as not to overwhelm th
duditory channel.

NOTE The-auditory channel does not have as much bandwidth as the visual channel, so care ne¢
thken not to préesent too much information aurally.

6.1.2 - Information conciseness

Hundant

ound to

rmation

hen a sound is used to capture the user's atténtion, the user should have the option of silencing it.

e user’s

ds to be

brfluous

Auditory presentation should be limited to only necessary information unless redundant or sup

information improves detectability, discriminability, or learnability.

6.1.3 Avoid extreme dimensions

Extreme values in any auditory dimension should be avoided whenever possible.

NOTE1 Extremely loud sounds can be very unpleasant. Quiet sounds and extremely high and low frequencies

are difficult to detect.
NOTE 2  Frequent exposure to sounds of greater than 85 dB in intensity can damage hearing.

NOTE3  People with normal hearing are maximally sensitive to sounds in the frequency range of sp
2000 Hz-5 000 Hz).

© IS0 2019 - All rights reserved

eech (i.e.


https://standardsiso.com/api/?name=54f2ddd5570ff69172a169e7c8631b61

ISO/TS 9241-126:2019(E)

6.1.4 Monaural option

If a stereo or multi-channel sound field is used, users should have the option whenever possible to have
the sound presented monaurally.

NOTE Users with reduced hearing in one ear can miss information if it is presented in stereo.

6.1.5 Ease oflearning

Whenever possible, sounds should be used that are commonly associated with whatis being represente
or whosl properties are analogous to some property being represented.

EXAMPUE 1 A sound with rising frequency is used to represent filling up a container.

EXAMPLE 2 In a home healthcare application, the sounds of pills rattling in a pill bottle is usedtp signal th
user thaf it is time to take medication.

11°)

6.1.6 [Signal invariance

The sanje signal should be used to present the same information at all times.

6.1.7 [Signal similarity

Sounds | that represent reasonably different information should  subjectively sound reasonably
dissimilpar.

NOTE This is derived from the Gestalt law of similarity.

6.1.8 [Two-stage signal usage

a) Ifthe information being presented is complex, afrinitial signal to gain the user’s attention should b
pregented before presenting the information.

W

b) If the initial signal is only used to alertusers, then the same signal should be used as the alertin
sigrjal throughout the application.

Uy

EXAMPLE If the user’s attention is not-focused on listening, the user can miss the first part of the signal o
message| Presenting an alerting initialsignal prepares the user to listen.

=

6.1.9 ogical sequencing

Pieces off information should be presented in logical order, particularly if a sequence is required for dat
entry relating to thisinformation.

-

EXAMPLE If a~s€quence of audio signals represents a set of actions that needs to be taken in a particulalr
order, present thenyin that order.

6.1.10 [Supporting short term memory

The number of items of information presented at one time should be limited in order to support
memorability.

EXAMPLE A banking interactive voice response system limits the number of choices at one time to between
3and 5 items.

NOTE Items presented earlier in the sequence are generally more memorable due to the primacy effect.

6 © IS0 2019 - All rights reserved
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6.1.11 Cross-cultural sounds

If sounds need to be used in different countries or cultures, or will be presented to individuals speaking
different languages, then the sounds should be culturally appropriate.

NOTE Some sounds can have specific cultural meanings associated with them, and using them for a different
meaning can be confusing or offensive.

6.1.12 Representative sounds

If the information is auditory in nature, or if a natural auditory analogue for the informatioh exists,
then that representative sound should be used to present that information.

BXAMPLE A heart monitor has an auditory display of heart rate that sounds like a beating-heart.

6.1.13 Representative sound usage

If the task involves distinguishing between very similar sounds, then additiondl information should be
Aresented to support the distinction.

HEXAMPLE If users need to distinguish between the calls of three birds| all of which sound very simjilar, then
providing additional information such as the names of the birds would be-appropriate for the task.

NOTE This can be addressed with redundant presentation of information visually.
6.2 Detectability in noisy environments

6.2.1 Signal distinctiveness

Auditory signals should be clearly different from any other simultaneously presented audio oufput.

6.2.2 Change signal frequency

The signal frequency, when possible, Should lie within a spectral range in which the noise intensity is low.
6.2.3 Signal duration in neisy environments

Jignals that need to be detected in noisy environments should be presented for at least 500 ms
7 Auditory dimeénsions

7.1 Frequency

.1.1 >-Absolute pitch identification

Hrégquency should not be used on its own to convey information when an absolute judgment is needed.

7.1.2 Temporal proximity for pitch comparison

When two frequencies are presented for direct comparison, the two tones should be presented in quick
succession.

7.1.3 Similarity for pitch comparison

When frequencies are presented for direct comparison, the timbres and intensity levels of the tones
should be as similar as possible.

NOTE Perceived pitch tends to drop with increasing intensity below 1 kHz and tends to rise when above 1 kHz.

© IS0 2019 - All rights reserved 7
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7.1.4

Minimum difference for pitch comparison

When frequencies are presented for direct comparison, there should be at least a 3 Hz difference
between frequencies below 500 Hz and at least a 0,6 % difference between frequencies above 1 kHz.

7.1.5

Frequency range for pitch identification

Frequencies below 80 Hz should not be used for any task requiring pitch identification.

7.1.6
When a

7.1.7 [—larmonicity for pitch identification

Inharm

EXAMPLE Users are unlikely to be able to identify the pitch of a click or a percussive-drum sample. Trully

inharmo|

7.1.8
a) Ifp
b) Inh

NOTE

evidence that pitch discrimination is somewhat better for harmgnic tones than for pure tones.

7.1.9

If the signal must travel over a large distance, then frequencies less than 1 kHz should be used.

7.1.10

If the signal must travel past major obstacles, then frequencies less than 500 Hz should be used.

EXAMPLE If the sound needs to'he'heard on the other side of a closed door, use frequencies less than 500 Hz.

7.2 Intensity

7.2.1

Increasing audiglvolume should not distort sounds.

7.2.2

F ; tohrdtsertrhmat

curate pitch discrimination is required, frequencies of between 1 kHz and 2 kHz should bé& used.

nic tones should not be used for any task requiring pitch identification.

hic sounds do not have a discernible pitch.

[Harmonic tones for pitch discrimination tasks
ssible, harmonic tones, rather than pure tones, should be used'for pitch discrimination tasks.
hrmonic tones should not be used for pitch discriminatiofvtasks.

Most people have great difficulty identifying the pitchrof inharmonic sounds, and there is somg

[Long-distance sound

Obstructed sound

Avoid distortion

Separate signal control

Users should be able to control levels of particular types of sound separately, especially in the case that

audio is

used only to supplement visual information.

EXAMPLE A listener mutes background music and increases the audio volume of messages from the

compute

r application that the listener is using.
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7.2.3 Loudness cues about the environment

Signal intensity may be used to convey characteristics and conditions of the environment where
applicable.

NOTE Different relative levels of loudness can suggest the presence of obstacles or convey information about
object composition, distance, and sound absorption.

EXAMPLE Sound intensity is employed as a proximity “code” for objects in an application. Objects closer to
the user are represented by sounds of greater intensity than objects that are farther away from the user.

.2.4 Minimal signal intensity
Audio signals should be at least 40 dB and at least 6 dB above the masking threshold.
NOTE A higher minimum signal intensity applies in some situations, such as: where the'users are likely to be

Wwearing hearing protection or when the target users of the software application are elderly persons (for pxample,
dn app for use by elderly persons living alone to call for help in medical or other emefgencies).

1.2.5 Signal intensity for rapid response

Audio signals requiring rapid response should be at least 16 dB abgdve the masking threshold.

.2.6 Relative maximal signal intensity

Audio signals should be no more than 30 dB above the masking threshold.

.2.7 Absolute maximal signal loudness

Audio signals should not be more than 115 dB.
7.3 Timbre

1.3.1 Timbre discrimination

Different timbres used for different purposes should be subjectively easy to discriminate.

1.3.2 Musical instrument timbres

Wherever possible, ‘imusical instrument timbres should be used instead of pure tones.
7.4 Localization
1.4.1 <Guidance related to lateral sound localization

41.1 Use interaural time and intensity differences to convey information about laterdl sound
localization relative to the user.

7.4.1.2 Time differences in the lower frequencies should be used to facilitate lateral sound localization.

7.4.1.3 Echoes and reverberation effects should not be used to enhance lateral sound localization.
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7.4.2

Minimum angle for position discrimination

If the task requires discrimination of two sound source positions, the angle between the two sources
should be at least 2 degrees. If the sound sources are different, the minimum angle should be increased.

NOTE See also 6.1.4.

7.4.3 Frequency selection for sound localization

If users are required to localize sound, frequencies less than 1,5 kHz and/or greater than 5 kHz shoul
be pres¢nt in the sound source spectrum. Sounds with frequency components spread across the entirg
spectrum should be used to facilitate sound localization.

NOTE See also 6.1.4.

7.4.4 |Minimum distance for front/back position identification

Identifigation of front/back sound position should not be required for distances of less than 50 cm.
7.4.5 |Guidance related to distance judgment

7.4.5.1 | Relative loudness should be used to convey information abpuit the distance of a particulalr
sound spurce.

7.4.5.2 | Relative reverberation should be used to facilitate distance judgment.

NOTE Reverberation can inhibit localization and impede speech intelligibility.

7.4.5.3 | Sound sources located laterally relative toithe user should be used for accurate distancg
judgment.

7.4.5.4 | If users are required to estimate distances of less than 1 m, interaural time and intensity
differenfes and low-frequency content should be used to facilitate distance judgment.

7.4.6 oppler effect

Rising and falling pitch should be'used to convey motion of a sound source toward and away from th

user. T

7.4.7

7.4.7.1
be used

7.4.7.2
not dire

7.4.7.3
not dire

10

D

amount of pitch change should be greater when the sound source is closer to the user.
Guidance related to elevation angle judgment

If the user is required to localize the angle of elevation of a sound source, then sounds shoulgl
that are directly in front of the user.

[fAusers are required to localize the angle of elevation of a low-frequency sound source that is
ctly in front of them, then interaural time differences should be used to facilitate localization.

If users are required to localize the angle of elevation of a high-frequency sound source that is
ctly in front of them, then interaural intensity differences should be used to facilitate localization.
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7.5 Duration

7.5.1 Minimum signal duration
For a signal to be accurately and reliably detected, it should have duration of at least 100 ms.

NOTE In high-noise environments, it is important to increase signal duration to at least 500 ms (see also 6.2.3).

7.5.2 Adjustable signal duration

The user should be enabled to set a minimum/maximum duration for signals, as long as thatig greater
han specified in 7.5.1.

ot

7.6 Rhythm and accent usage

Rhythm and note accents should be used to ease and improve recognizability of'sounds.
7.7 Timing

1.7.1 Event-based sounds

Hvent-based sounds should be presented along with some otherevent cue in another modality fthat has
heaning so that the user can learn and remember the assogiation.

HXAMPLE An audio sound (e.g. buzzer) indicates that ¢lothes in a dryer are dry, and is accompaiied by a
{isual display indicating that the dry cycle is completed.

1.7.2 Sounds to guide rhythmic movements

Jounds should be used to denote intervals forrepeated rhythmic movements.

HXAMPLE A repetitive sound can be presented at regular intervals to guide finger tapping.

1.7.3 Concurrent auditory stteams

) If users are required te-differentiate between two or more concurrent auditory streatps, then
differences in frequeney, localization information, and onset and offset timings should be irfcreased
to facilitate differentiability.

Q)

) Tones that share-many of the same overtone frequencies should not be used in these situatjons.

NOTE If auditory patterns are being presented at the same time and the user needs to pay attentioh to both
gimultaneously; it is important for the user to perceive them as separate auditory streams rather than af one.

il! Spéech

8.1 Appropriate usage

8.1.1 Complex messages

If an auditory message is complex and can be more easily communicated and understood as language,
then speech should be used.

8.1.2 Source identification

If the user needs to be able to identify the person who is the source of the message, then speech should
be used.
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8.1.3 Untrained users

If it is not possible or practical to supply users with special training in coded signals, then speech should
be used.

8.1.4 Stressful context of use

If a stressful environment or task can cause the user to forget the meaning of a coded message, then
speech should be used.

8.1.5 IRapid information exchange

If the tapk requires a rapid, two-way exchange of information, then speech should be considered.
8.2 General speech presentation

8.2.1 [Eliminate non-relevant speech

A speech message should contain as little inessential information as possible.

8.2.2 [Audio volume consistency

Prompt$ and announcements should be recorded and presented at a<cénsistent audio volume throughout
the appllication.

8.2.3 |Monophonic speech presentation

Speech nessages should be presented monophonically.

8.2.4 |Present messages serially
a) No more than one speech message should-be presented at the same time.
b) Relative importance should be used\to prioritize the order of presenting messages.

NOTE Because of the complexity-of:speech messages and the density of information, it is especially difficult
to pay atfention to two such messages.simultaneously.

8.2.5 [Information brevity

If the information needs)to be recalled or remembered, no more than four pieces of information should
be presg¢nted in a single message to avoid overloading short-term memory.

8.2.6 [ﬁessage replay

a) Usefs-should be provided with a means of repeating messages.

b) If technically feasible, users should be provided with a means of repeating portions of long
messages.

8.2.7 Option phrase sequencing

Prompts that require user response from a list of options should be structured so that the option
precedes the action.

NOTE This helps the user to pay closer attention when relevant information is about to be presented.

EXAMPLE Use "Fory, press x" instead of "Press x for y."
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8.2.8 Grouping information

When multiple pieces of information are presented in one message, pauses should be inserted between
phrases to group information.

NOTE Inserting pauses between pieces of distinct information to delimit options helps to to identify the
individual pieces of information and to clarify their boundaries.

8.3 Language

8.3.1 Language and dialect control

Where possible, the user should be able to select a preferred language or dialect.

8.3.2 Avoid dialect-specific expressions

If selection of a preferred dialect is not possible or practical, then terms ot lexpressions unifue to a
particular dialect should be avoided.

8.3.3 Vocabulary used in prompts

Rrompts should contain only vocabulary that the expected-~user population would be ljkely to
ynderstand.

HXAMPLE Jargon and technical terms are avoided unless targeted to users familiar with those ternps.

8.3.4 Consistency of terminology use

Terminology use should be consistent throughout an application and among applications that are
ipntegrated with each other within a system.

8.3.5 Unambiguous prompts

Rrompts should be stated so thatthey are unambiguous to the target user population(s).

8.3.6 Simple linguistic forms

§imple linguistic construetions and word forms should be used whenever possible.

HXAMPLE Avoid passive voice.

8.3.7 Minimuin syllable count
Ypeech messages should contain at least four syllables to aid intelligibility.

NOTEI Using polysyllabic words improves speech intelligibility.

OTEZ  Four- to eight-syllable messages present information rapidly and cause less interference with other
communication than longer messages.

8.3.8 Sentence usage

If possible, use short sentences rather than single words in isolation to improve speech intelligibility.
8.4 Voice

8.4.1 Use of synthetic speech

a) Digitized rather than synthetic speech should be used.
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b) Ifitis not possible or practical to use digitized speech, the synthetic speech used should simulate
natural human speech as accurately as possible.

NOTE Synthetic speech has been found to require more attentional resources than natural speech.

8.4.2 Source voice identification

If the source of the speech message is relevant to the task, then that source’s voice should be used if
possible.

NOTE If someone the user knows is sending him or her a message, using that person’s actual voice allowsthg
user to rgcognize it and also interpret the message using learned cues to that person’s speaking style.

8.4.3 |Dialects and accents

Dialectgand accents should not interfere with a user being able to recognize what is beihg said.

NOTE See 8.3.1.

8.4.4 [Speech output rate
The spepch output rate should be adjustable, with a default setting of 160 'words per minute.

NOTE Listeners with visual impairment often prefer speech to be much faster than this default setting (i.¢.
up to 400 words per minute).

8.4.5 [Intonation and prosody
To increase clarity, the prosody, including intonation patterns, of information items should be similar tp

the progody in human speech.

9 Earcons

9.1 Meaningful earcons

Where possible earcons should make use of sounds that have very clear relationships to what they
represent.

EXAMPLE The sound of hands clapping is used to represent task success or approval of some action.

9.2 Sound organization

If a set df sounds,is used to represent a wide variety of information, a grammar should be established tp
organiz¢ the seunds into a semantic and syntactic hierarchy.

2]

EXAMPLE A particular or general rhythm can be used for a certain category of information, and modulation|
of that riythm or different melodies can be used to represent different specific information within that category

<

9.3 Earcon usage

If the task requires the user to work with a large amount of dynamic data, consider using earcons to
reduce the user’s mental workload and reduce error recovery time.

9.4 Earcon construction

Earcons should be constructed in such a way that they are easily discerned and discriminated. They
should be easily and clearly comprehended.
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The earcon’s duration should be just long enough to convey the associated information effectively.

NOTE Ifan earcon is composed of tones, the optimal earcon length is two to four tones, which tends to be long
enough for users to recognize its rhythm and/or melodic character and short enough to facilitate memorability

and reduce the likelihood of users experiencing audio fatigue.

9.6 Consistency across earcons

arcons that have concepts in common should be similar in at least one audio dimension, preﬂerably a

imension that consistently represents qualities in that concept which is shared.

.7 Reversing earcons

If an earcon is composed of a sequence of tones, reversing the order of the tones should not

be used

construct another earcon unless the original earcon has a very clearly discernible rising or falling

equency pattern.

0 Coding
0.1 General

0.1.1 Meaningfulness of codes
leaningfulness should be built into codes howeverand whenever possible.

NOTE Meaningfulness is increased when clear associations exist between coded information
iptended meaning. Task performance is more acclirate and rapid if codes are meaningful.

10.1.2 Access to meaning of code

When the meaning of a code is npt' @bvious to the user, then information about the meaning of
ghould be easily accessible.

10.1.3 Rules of code construction

) Rules should be-established for the specification of codes.

Q)

) Rules for coding should be applied consistently and unambiguously.

10.1.4 Distinctiveness of codes

(odesishould be used that are perceptually distinct from each other.

and its

he code

a . B L rad 'y i
LU L.J UGUUIISISUWTIIT LUulllE
Codes should be used consistently with the same meaning or the same function.

10.1.6 Coding relative values

When the relative (rather than the absolute) value of a variable is important, gradual changes in

intensity, frequency, duration, temporal separation, or position should be used to show the
values of the single variable.

NOTE Timbre is not be used for coding continuous values (see 9.2.4).
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10.1.7

Ordered coding

When variation in intensity, frequency, duration, temporal separation, or position is used for coding
relative values, the assigned code values should be ordered so that the extreme values in those

dimensi

EXAMPL

10.1.8

ons correspond to the extreme values of the coded variable.

E If an event is happening sooner than expected, then the sound intensity coding progressively
indicates the upcoming occurrence (reverse camera sound in case of pull back).

Change of state

If a par
dimensi

10.1.9

More di
memora3

10.1.10

Users sh
dimensi

10.1.11

The nur
unless t

NOTE

depends
simultan
different

EXAMPL
expected

10.2 D

ticular auditory dimension is used to indicate a state, then a change in that same auditor
on should be used to indicate a change in state.

Combination codes

mensions should be combined and fewer levels of each dimension should be used in creatin
ble and meaningful codes.

User training in codes

ould be trained to recognize the differences between each unique combination when combinin
ons for coding.

Counting simultaneous tones

hber of simultaneously presented tones should not'be used to communicate a discrete valu
he number of tones is 0 or 1.

It is too difficult with most sounds to identify.the number of tones being played, and discriminabilit
highly on timbre and harmonic frequencies and their relation to the fundamental frequencies. Multipl
eous frequencies often blend to form a chord, that is interpreted more easily as a single unit, even whe
timbres are used.

E Number of simultaneous tones‘can be used to code true or false, but generally users are ng
to be able to count the number of simultaneous tones if it is greater than one.

mension-specific coding

10.2.1 [Number of frequencies for pitch coding

Four to

seven levels offrequency should be used for pitch coding.

10.2.2

requency selection for pitch coding

When c¢dirig based on frequency, select frequencies spaced throughout the spectrum.

8]

1=}

D

19°)

O

10.2.3

Need for redundant coding when coding based on frequency

Frequency should not be used as the only dimension of coding for a particular variable.

NOTE

16

Performance is better when selected frequencies are highly distributed (see 10.2.2), but people vary
greatly in their pitch discrimination ability.
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