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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.

For an fexplanation of the voluntary nature of standards, the 4neaning of ISO specific terms an
expressjons related to conformity assessment, as well as information about ISO's adherence t
the Wofld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), se
www.isp.org/iso/foreword.html.

W U =

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

Alist of pll parts in the ISO 9241 series can be found on the ISO website.

-

Any feedlback or questions on this document should 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

In physics, sound is a vibration that propagates as an acoustic wave, through a transmission

medium

such as a gas, liquid or solid. In human physiology and psychology, sound is the reception of such waves
and their perception by the brain. Unwanted sound is referred to as noise and is often perceived as the
most serious disturbance factor at office workstations. In many industrial environments, sound can be

a serious threat to health in general, not limited to auditory effects alone.

While sound is a measurable physical reality, acoustic noise is a psychoacoustical concept. T

he main

doal of this document is minimizing the impact of noise while operating interactive systems, for.
dn the behaviour of users, their well-being and/or performance. This can be accomplished byt

'he overall concept T-O-P (technical - organizational - personal) indicates the peasonab

quipment (PPE).

sychoacoustics is the branch of psychophysics involving the scientifi¢ study of sound percep

eals with the undesired effects of sound, which can be classified as follows:
+ impaired hearing;

+ undesired responses of the central and autonomic hervous system;

+ hindrance of verbal and other communication;

+ reduced performance and cognitive functioning;

+ annoyance.

A
)¢
h
g
huilt environment; and C(for control - Control of sound levels in the built environment. For]
gpace, various measures.in combinations can be taken to control the acoustic environment to
q
q
C

hanges to work-0rganization and tasks.

gxample:

— Aeducing the rating level

]
df measures that can be taken to control the impact of the acoustic environment on human work. In
t
€

bxample
bchnical

heasures, organizational means, interventions at the personal level and any combinationsthereof.

e order

his context, technical solutions have priority over organizational measures.and personal prjptective

fion and

I

dudiology - how humans perceive various sounds. More specifically, it Is the branch of science Jtudying
the psychological responses associated with sound (including nois€;-speech and music). This dgcument
C

\coustic satisfaction of a space capnet be guaranteed without consideration of each of the three
rinciple parameters of architectutal acoustic design, formalized and established in the early 1900s
y Sabine.[28] The three principlé-parameters are known as the ‘ABCs’ of architectural acoustigs: A for
bsorption - Sufficient absorption in the built environment; B for blocking - Sufficient isolatign of the

a given
achieve

atisfaction. In 1S0,9241-6 such measures are briefly listed and partly explained. Experience now
uggests that a more’thorough consideration of the acoustic environment is required becauge of the

(ontrollingithe acoustic environment is considered part of the T-O-P concept. It can compfrise, for

——Imsulation T Structural COMpoTTeTts;
— reducing noise emission from equipment;

— increasing sound absorption;

© IS0 2023 - All rights reserved
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While a
sound e
dedicaté
level, in

Vi

Figur

reducing the ambient noise level;

optimizing the signal-to-noise ratio

reducing the sound level in speech frequencies;

sound reduction within use environments

sound-absorbing ceilings;

nartitions:
) ol 7

adequate distances between workstations;

reducing reverberation.

-

| these measures are of a technical nature (T of the T-O-P principle, Figure 1), the impact @
yents on persons and work can require organizational measures, such as holdingsmall meeting
d to certain tasks outside the workspace. The final argument comprises measures at a persong
rluding training to cope with adverse environments.

A\

— /D

o N

%
2

ww\\

e 1 — T-O-P principle/for controlling the impact of the acoustic environment on human
work

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ede53fb6e32bc8a56ad7ecb57107ecf9

TECHNICAL SPECIFICATION ISO/TS 9241-620:2

023(E)

Ergonomics of human-system interaction —

Part 620:
The role of sound for users of interactive systems

1 Scope

'his document provides users with a summary of the existing knowledge about erg

re reducing the rating level of sound in general, optimizing signal-to-noise ratio and sound r¢

|
a
dffects of sound (noise) can be controlled. The main goals for controlling the acoustic use envil
within the workspace.

This document also provides users with organizational measures_that can be taken if an
technical measures do not help sufficiently. Also included are measures on a personal level.

This document deals with sound events that can cause extra-autal effects. Noise-induced heat
fprevention and the ways to eliminate or reduce hazardous noise exposure are not covered
document.

The intended users of this document include:

+ developers of systems, products and services;

+ public and corporate purchasers;

4+ occupational health and safety professionals;

4+ architects and interior designers;

+ human resource professionals;

4+ usability, ergonomics pr.htiman factors professionals;

+ users of interactiye systems.

' Normative references

b

There are.no'normative references in this document.

3 ‘Terms and definitions

bnomics

onsiderations for the influence of sound in use environments on humans. It describes how upwanted

onment
duction

d when

ing loss
by this

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

ISO and [EC maintain terminology databases for use in standardization at the following addresses:

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

— |EC Electropedia: available at https://www.electropedia.org/

3.1

irrelevant speech effect

ISE

negative effect of verbal sound level

© IS0 2023 - All rights reserved
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rating level

LAR

equivalent continuous A-weighted sound pressure level during a specified time interval plus adjustment

for tona

| character and impulsiveness

Note 1 to entry: ALT = 0 dB or 5 dB according to subjective assessments

where

A
L
T

Note 2 t
impulses

[SOURC

3.3
backgr

L,g

A-weighted sound pressure level present at the workstation during-working hours with people absent

Note 1 td

3.4

total ngise sound pressure level

Lya
sound p
generat

height for the area in which people are normallylocated
Note 1 td entry: The A-weighted total noise sotind pressure level Ly, is expressed in decibels.

Note 2 to entry: If not otherwise specified, noise is determined according to DIN 45641 as the A-weighte

equivale

3.5

impulsive sound
sound wWith a rapid rise and decay of sound pressure level, lasting less than one second and causing a
increasg in the soundleyel of at least 6 dB(A)

3.6

reverberation-time

T
time re

is difference;
islevel;

is tonal.

entry: Impulsiveness is specified only if the difference of the measured sound levellwith and withoyt
exceeds 2 dB.

E: [SO 9241-6:1999, 3.19, modified — Notes to entry replaced.]

bund noise level

entry: The A-weighted background noise level L, 5 is expressed in dB.

ressure level that contains all noise componeénts affecting the listener during use, such as noisg
ed by building systems, operating equipmeént or the audience, and which is determined at ea

=

| =}

ht continuous sound pressurélevel averaged over the time that is representative for the disturbance.

=}

hdised for the sound pressure level in a room to decay by 60 dB once sound excitation hap

stoppe

Note 1 to entry: The reverberation time is expressed in seconds.

3.7
speech
STI

transmission index

metric ranging between 0 and 1 representing the transmission quality of speech with respect to
intelligibility by a speech transmission channel

[SOURCE: IEC 60268-16:2020, 3.3]

Note 1 to entry: Speech transmission channel can also be the use environment.

© IS0 2023 - All rights reserved
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3.8

sound pressure level

SPL

logarithmic measure of the effective pressure of a sound relative to a reference value

4 Sound and noise

4.1 How sound and noise impact users

023(E)

i

€

dlfactory sense) and touch (somatosensation, somatosensory sense). Even if its sensor,the‘ear, g
flunction independently from those of the other senses, they all function in concertSight and
dr those sensory aptitudes that can collect information from a distance (relatively speaking), al
far senses. Hearing is the only sense that can detect objects or events beyond the (optical) hori3

volution has programmed human beings to be aware of sounds as possible sources of dan|
earing as the far sense gives notice of things that cannot be seen but that‘could be important
n alerting function. Even if this function is not needed in most use environments, it cannot be s
ff or ignored. While the sense of sight is relatively inactive during‘steep, hearing remains on. T
unction requires that hearing is almost non-directional compared with sight. It is possible
way or even close the eyelids, watch certain objects while ignoring others, but there is no me
0 ignore acoustic events.

e B 5 W e o W o W B o el e o

The directionality of the human auditory system is limited to sound localization. The brain
qubtle differences in intensity, spectral and timing cues to allow sound sources to be localize
€
t

0 get used to noise exposure, the degree of habituation differs for individuals and is rarely co

Adverse effects of sound events can be of\a™different nature. The simplest effect is characte
gnnoyance without further consideration of the genesis and aftermaths. Other effects can
physiological and/or psychological nature (see Table 1).

Table 1 — Classification-of factors that affect individual annoyance with noisel[15]

learing (audition, auditory sense) is one of the five basic senses used by humans to perceive the tahysical
nvironment, alongside sight (vision, visual sense), taste (gustation, gustatory sense), smell(olfaction,

eems to
hearing,
e called
on.

ber. The
It plays
witched
he alert
to look
Chanism

utilizes
d. Thus,

ven if someone tries to ignore a certain acousticevént there will be a response. Although pegr)le tend

plete.

rized as
be of a

Factors that affect individual annoyance with noise

Sound level

Primary acoustic facters Frequency

Duration

Spectral complexity

Fluctuations in sound level

Fluctuations in frequency

becondary acoustic factors - - -
Rise-time of the noise

Localization of noise source

Physiology

Adaptation and past experience

How the listener’s activity affects annoyance

Non-acoustic factors Predictability of when a noise will occur

Is the noise necessary?

Individual differences and personality

SOURCE: Canadian Centre for Occupational Health and Safety (CCOHS). Noise - Non-Auditory Effects. Available

from: https://www.ccohs.ca/oshanswers/phys agents/non _auditory.html. Reproduced with the permission of
CCOHS.
©1S0 2023 - All rights reserved 3
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Recent research supports earlier results regarding the association of ambient sound and heart rate with
longitudinal data that demonstrate that the real-world ambient signal-to-noise ratios are associated
with lowered heart rates, suggesting that sound conditions which reduce the auditory perceptual load
and listening effort de-stress the human cardiovascular system.[16].[27]

If many people work together in close proximity, as is the case in multi-person offices, disturbances to
activities and annoyance reactions from staff due to various environmental factors become particularly
evident, in particular since working practices often require switching between communicative
exchange and focused work.

The resyilting annoyance reactions can occur in the following forms:

The mojst disturbing characteristics of speech-specific noise are the informationn content and th
uncontrpllability, whereas uncontrollability and unpredictability of the nois€ play a big role in th
case of
resultin|
from mqgderators of annoyance (see VDI 2569).

4.2 Ty

The typ|
should |

Sound e

a)
b)
‘)
d)

distfjurbance component “annoyance”;

implairments of well-being, irritation, tension, exhaustion;

cha

sted
sted

tim

impulsive sound signals that can‘include one or more impulses (e.g. ringing telephones, high-impad

priy

hged communication behaviour (withdrawal, avoiding interactions).

hoises from office environments. Only approximately 30 % to 40 %-of the annoyance effect
g from noise can be explained by technical-acoustic factors. The predominant part originate

2 ER2BC Y

/pes of sound events

T

e of sound has a bearing on how it is to be measured,"what type of sound-level meter settin
e used and what descriptors and other data should,be presented.

P

vents are generally classified into the following categories (Figure 2):
dy sound levels (e.g. air conditioning);
dy but intermittent sound levels (e.g. printers that print in bursts);

e-varying sound (e.g. traffic sound over a specific time period);

ot

ters).

© IS0 2023 - All rights reserved
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Y Y

95 95

85 85

75 75

65 65

55 55

45 45

35 35
X X

a) Steady sound b) Intermittent sound

Y Y

95 95

85 85

75 VAR 75

65 / A — 65

55 // \\/ \C 55

45 / 45

35 35 —
X X

c) Time-varying sound d) Impulsive sound
Key
¥ time

Y sound pressure level, dB(A)
Figure 2 — Types'of sound events

Jound level descriptors or metrics differ ;@cecording to the type of sound events. Most metfrics, for
gxample A-weighted sound pressure level,"have been developed for non-impulsive sound evgnts. For
dharacterizing impulsive sound levels, different methods are used.

4.3 Interference with the task

The impact of sound from sdurces other than speech is normally considered by its sound pressyire level
L) or the equivalent continuous A-weighted sound pressure level (L,.4). If the sound includesfimpulse
oise, a certain marginis-added to the level [e.g. +2 dB(A)].

—

peech sounds and'speech-like sounds lead to losses of performance of the working memory. THis effect
oes not necessitate the understanding of speech; an unknown foreign language or a musical pliece can
Iso have adverse effects. In this context, it is essential that the sounds are not mandatorily pg¢rceived
s noise andsthat, despite focusing the attention on the material to be memorized, the irrelevanf speech
ffect ({ISE) can occur. This disturbing effect can already occur at A-weighted speech levels from 35 dB
f theyate clear speech signals.[39] The disturbing effect is due to the spectro-temporal structure of
he speech or music sound, which results in this sound gaining access to the cognitive system (see

DI 0N
Ul 400U7]

S~ = M O ) O [N

The interference of speech with the user performance can be a result of the disturbing effect on
the “inner speech”. Ambient noise can affect both reading and typing, because most users “speak to
themselves” during these tasks. As for the mechanism for such effects, some research indicates that
masking the relevant information with ambient sound is responsible.[28] The role of inner speech in
human communication has been investigated (see Reference [20]). Inner speech, also called self-talk
or internal monologue, is a person’s inner voice that provides a running verbal monologue of thoughts
while they are conscious. Inner speech plays several crucial roles in reading.[181.[31] Reading is a complex
process that involves the interaction of two levels of processing: decoding individual units and using
text as a whole to establish broader meaning. Both can be affected by ambient sound, but the effect
seems to be much stronger if the ambient sound is speech or speech-like.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=ede53fb6e32bc8a56ad7ecb57107ecf9

ISO/TS 9241-620:2023(E)

The characteristics of sound events are very different for environments with “normal” noise sources,
such as street noise or machine noise, than for those environments dominated by speech sound. While
for the first the concept of a sound “level” can hold true (Figure 3), in the latter each sound event is
separated from the others (Figure 4). In these studies, the base level without any work activity was
33 dB(A); single events were up to 65 dB(A) in the recorded session. The highest recorded level was
75 dB(A) with a speaker at a distance of 11 m. Whereas in acoustics, mostly a level of 65 dB(A) for
normal speech in one meter from the speaker’s mouth is assumed.

In real work env1ronments speakers can emlt sound levels between 45 dB(A) and 75 dB(A) whlle

contrast to earller landhne phones mobile networks do not guarantee a certaln transmission quallty.
In additjon, users do not speak in rooms with controlled acoustic conditions.

vl

A “silent” train compartment in modern trains has noise levels beyond any recommended environment
for acceptable telephone communication. However, those levels are still lower than thoSe'in cars o
aeroplanes. While communicating with people in such environments, the speaker adjusts her or hi
speech level to a certain degree to the level of that noisy environment.

Y

N Mw T N
40 .

20

17 B

Key
X  time
Y sound pressure level, dB(A)

NOTE The red line approximates the.sound “level”.

Figure 3 — Typical sound event with slow changes in the level

6 © IS0 2023 - All rights reserved
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90 s

70

60 l

>
¢

50 f

40

33°

33

Key 05\

Y sound pressure level, dB(A) QQ
\\Q

a  Baselevel = 33 dB(A).

NOTE The base level is the sound pressure level (SPéthth all users if they are inactive.
o)
Figure 4 — Sound events@an office room within 90 seconds
¥
Ih a given room with good acoustic con\dﬁtions, the sound level can be 15 dB(A) higher if man)
yse a telephone (Figure 5). C\’Jr

>

.

OQO

 people
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70

y
i

co |l o _ I ||,“HLH bl W.“Mm
i |! ]

40
372
30
Key
Y sound pressure level, dB(A)
1  regylar office work with computers
2 offige work with intensive telephone conversations
a  Basg level = 37 dB(A).
NOTE The base level is the SPL with all users if theyvare inactive. The events do not include ringing
telephonies.

Figure 5 — Acoustic events in a multi-person room according to type of work

o

Uncontrjolled phoning can heavily interfere with the work of others. One of the mechanisms leading t
this levdl of interference is the Lombard effect.

4.4 Lombard effect

—

The Lombard effect or Lombard reflex is the involuntary tendency of speakers to increase their vocg
effort wihen speaking in‘loud noise (total noise sound pressure level) to enhance the audibility of thei
voice.[24l This changejin¢ludes not only loudness but also other acoustic features such as pitch and rat
and durption of sotnd syllables. This compensation effect results in an increase in the auditory signal
to-nois¢ ratio ofthe'speaker’s spoken words.[33]

=

1 w

It is suggested[24] that the magnitude of the speakers’ response to noise is likely to be governed by thp
desire tp‘achieve intelligible communication, as in noisy conditions speakers would not change theifr
voice level if talking to themselves.

Speech is often considered the primary communicative signal, but it is heavily integrated with signals
from the face and body. Visual signals, including hand gestures, are integral to human communication
and can play a particularly important role in noisy situations when verbal communication fails.[1]

In noisy environments, noise is not only associated with increased speech intensity but also with
enhanced gesture kinematics. Acoustic modulation of the speech signal only occurs when gestures
are not present, while gesture kinematic modulation occurs regardless of co-occurring speech.
Thus, in face-to-face encounters, the Lombard effect is not constrained to speech but is a multimodal
phenomenon where gestures carry most of the meaning[32l. This means that noise modifies the entire
behaviour of the users.

8 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ede53fb6e32bc8a56ad7ecb57107ecf9

ISO/TS 9241-620:2023(E)

4.5 Irrelevant speech effect (ISE)

In work environments such as open-plan offices, users communicate and interact with co-workers
verbally, and an open-plan office layout is commonly assumed to facilitate communication and
interaction between co-workers, promoting workplace satisfaction and teamwork effectiveness. The
assumption reflects the main purpose for selecting such layouts. On the other hand, open-plan layouts
are also widely acknowledged to be more disruptive due to uncontrollable noise. As an overall result,
the benefits need to overweigh the negative effects.

Nhile most sources of noise can be controlled effectively, human speech is not that easy to control
Recause it is part of communication, although irrelevant to most users by definition.

'he irrelevant speech effect (ISE) is the finding that serial recall performance is impaired under
omplex auditory backgrounds, such as speech, as compared to white noise or silence:1Z The effect
efers to the degradation of serial recall when speech sounds are presented, evergifithe list items are
resented visually. The sounds need not be a language the participant understahds, nor even a real
hnguage; human speech sounds are sufficient to produce this effect. The ISE repfesents one of the best-
hvestigated disruptions of short-term memory by sound events. Speech and-tofnie are equally cgpable of
isrupting short-term memory.[22]

o = = N

\nalyses of the objective effects of noise on human performance with.respect to distribution, temporal
tability and the precision of measurement to be attained demonstrate the importance of ISE. Irfelevant
vords can be disruptive to performance and the frequency of usage of the irrelevant words cqn affect
he magnitude of such disruption.[14]

o < N N

Both meaningful and meaningless speech disrupts the comprehensive aspect of the task, but the effect
df the meaningful speech is significantly greater. Both,rehearsal and semantic processing, which are
ipvolved in reading comprehension, seem to be susceptible to disruption by irrelevant meaningful
dpeech.[28] Proofreading is disrupted by ISE. Th€ deleterious effects of irrelevant speech depends on
the speech being meaningful.[21]

Ih contrast to intended listening, where familiarity with an attended speaker’s voice improves speech
domprehension, experiments show thatfamiliarity with an ignored speaker disrupts working memory
fpr target speech.[23] This means that; for work environments, disruption by colleagues’ (irrelevant)
gpeech is considered to be higher:

4.6 The importance ofthe concept of T-O-P

Vhile in private envirohments the users can select any measures to reduce the annoyance fthrough
oise arbitrarily, in-erganizational contexts other considerations apply. The rationale beljind the
oncept of T-O-P dies-in the experience that avoiding sound events that can be considered noige at the
ource causes féwer issues than fighting their impact. This rationale is in agreement with the grinciple
freedom fronrinterference between task and environment” of ISO 9241-500.

N T o L B

Where the/task at hand of a user can cause impairments or unwanted effects for others anfl/or the
gnvirGmiment, avoiding its effects should begin with technical measures. Organizational njeasures
lequire a change of the behaviour of others and should therefore be introduced as the next step, pbecause

ny Phangn inthehehavigur ofan nrgani'r)finn canbethe reasaon for further unwanted effoects Finally'

changing the personal behaviour of the user or equipping her or him with, for example, PPE, is the
final resort for different reasons but can be necessary under certain circumstances. Giving collective
protective measures priority over individual protective measures is a well-established principle in the
health and safety domain.

The organizational and personal contributions for noise reduction are indispensable but are not
dealt with in technical standards, mostly because organizational measures and changes of personal
behaviour are out of scope for them.

©1S0 2023 - All rights reserved 9
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5 Measures to control the impact of sound events

5.1 Overview

In ISO 9241-6, space organization and workplace layout are described as the starting point for an
acceptable environment (Figure 6). All named aspects, including “artificial and natural light”, can
contribute to successfully control the acoustic environment.

Work
—| organisation
and groups

Psychosocial
factors

Space
organisation Circulations and
and workplace [ [|  wayfinding
layout
Artificial and
] natural light

 Sound and noise

Figure 6 — Space organization and workplace layotit as important parameters

—

A direct contribution is given for “circulations and wayfifiding”, for example by avoiding groups an
persons|moving through work environments with verbal communication. (Type of measure: technic3
and organizational.)

—

w

An appropriate organization of the work, for example the introduction of “silent hours” with no phon
use or sjmilar, can help reduce annoyance from'sound events. (Type of measure: organizational.)

D

“Psychopocial factors”, such as respect forsthe other colleagues’ requirements or learning appropriat
speech technologies, usually help moere"than most technical measures that are feasible. (Type d
measur¢: organizational and /or personal).

-

Luminajres for artificial lighting can emit noise or enhance noise propagation through the use of hargl
materials, such as acrylic glass) but can also help reduce annoyance through features such as soft fabri

diffusers. Windows are of a¢oustically hard material (glass) and influence the acoustic environmenﬁ
substantially. If they arg_also utilized for ventilation, their impact is beyond any acoustic measurg.
(Type of measure: technical)

For a general strategy to control noise at workplaces containing machinery, ISO 11690-1 includef
detailed information.

5.2 Controlling sound and nogise
(=]

5.2.1 General

The control of the acoustic environment is by far the most complex task for the design of work
environments. The main reasons are the conflicting requirements associated with the use of sound for
communication (aural interaction) and the impact of acoustic interventions on the other environmental
factors.

In rooms dedicated to a single purpose, such as reading rooms of libraries or lecture halls, effective
measures can be taken in consideration of the task. In reading rooms, the environment is designed to
keep any distraction as low as possible, whereas in lecture halls the propagation of the sound from
the speaker to the audience is the ultimate goal. To achieve the goals for such environments, suitable

10 © IS0 2023 - All rights reserved
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technical measures are usually taken during the planning of the building. Even then, all involved
persons’ behaviour needs to be controlled.

Use environments are more or less a general purpose space. People in that space do not only perform
their tasks. While performing their tasks they emit sound that can be meaningless to others and thus
can be considered noise regardless of its level. However, it can also be relevant depending on its content,
for example a colleague's phone conversation that has some personal relevance. In the immediate use
environment of teams, there will always be intended verbal communication (information), partly
interesting communication (information or noise) and noise, i.e. speech without any relevance for a

2rson or ogroupn
(=] r

The transmission ability of a room or a communication path for speech can be measuled through
ifs physical characteristics [speech transmission index (STI)]. STI is a well-established dbjective
theasurement predictor of how the characteristics of the transmission path affect spe'ech intelligibility.
However, STI depends on various factors such as speech level, background noisedevel, echogs in the
loom, reverberation time and masking effects and a variety of technical features of the tpchnical
dgquipment ifitis part of the transmission path (see Figure 11). In a general purpose space, a high quality
df speech transmission does not form the ultimate goal for all tasks and users. In many regpects, a
dontrol of the acoustic environment to inhibit the intelligibility of speech can be of higher valueg

The control of the acoustic environment requires first an analygsis-to determine the best tirade-off
hetween the achievable benefits and the efforts and disadvantageés of a direct or indirect| nature.
This task requires holistic thinking and acting, because a certain benefit (e.g. better intelligibility of
gpeech) could require measures (e.g. acoustic screens betweén co-workers) that can impact the work
detrimentally but also the intelligibility of speech, because one cannot see the speaker any morje.

According to ISO 9241-6, measures to control the acoustic environment can be grouped info three
groups of goals (see ISO 9241-6:1999, Figure B1):

— reducing the rating level;

+ optimizing signal-to-sound ratio (control of the intelligibility of speech);

— sound reduction within workrooms or immediate environments of workstations.

3.2.2 Reducing the rating level

This group of measures@ms at lowering the overall sound level. The rating level (L,gp) is the
dharacteristic value for(noise emission. The rating level is determined for a specified time [interval
(see ISO 1996, I1SO 9612) 1SO 11690). When determining the rating level, no account is taken of pcoustic
gvents which serve-the purpose of communication between the person at the workplace in question
with other persoi®(conversations, communication signals).

The equivalent continuous A-weighted sound pressure level (L,.,) is measured to representja whole
ghift of 8hours. L,., is a common measurement used in industry to characterize noise levelg in loud
gnvirominents. It is less suitable to characterize the potential of annoyance by impulsive sound jor time-
yarying sound.

Reducing ToiSe emission fTom the equipment Iciudes a variety of Measures, SUucir as silencing
telephones or insulating printers. The most recommended intervention is noise control at the source,
for example by using equipment with low emissions in the immediate environment.

The main descriptor of the noise emissions from information technology and telecommunication
equipment is the A-weighted sound power level (Ly,). It is supplemented by another emission quantity,
the A-weighted sound pressure (L,,) at the operator or bystander positions (ISO 7779).

The L,, at the operator position is relevant for the noise within the immediate environment, whereas
Lwa hefps describe disturbances to other workstations.

Both sets of data are declared according to ISO 9296 and can be found in the product data sheet or the
product environmental data sheet.
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In office environments, keyboards are among the noisiest equipment due to their use throughout the

day. Acc

ording to ISO 9241-410, the sound emission of keyboards can have three categories:

— C1: suitable for meeting rooms or tasks involving concentration [35 dB(A) to 45 dB(A)];

— (C2: suitable for routine office work [45 dB(A) to 55 dB(A)];

— (C3: suitable for industrial workplaces [75 dB(A) to 80 dB(A)].

Selecting C1 is recommended. Since many products are not labelled, the products should be tested for

their no

For prir
main so
For the

an enclg

Increasing sound absorption is a usual intervention and gives protection against noise from all sourceg.

All equi
achieval

Two ex:
efficien
reductic
position

. . 1 C 1 :
ST CIIISSI0IT DE1OI'S pUl'tIldsSIing.

1}

ters, there is a correlation between the printing speed and the sound emission becausethp
irce is the movement of paper. Thus, purchasing a low-noise printer is not always a good option.
'requent use of higher-speed printers, the device should either be moved to a separate’room ofr
sure should be used. Most printers offer a silent mode, which should be used if posSible.

1%

bment, room surfaces or furniture can be considered for this purpose. The cost involved and th
ple effects are rather different.

ymples of this type of intervention are given in Figures 7 and 8,24l The calculation of th
y of the measures is valid for a specified position in a workroom (Figure 7). The soun
n lies between < 0,5 dB and 9 dB for the specified work position' (Table 2). For the other wor
s, the outcome is similar.

AN == (D

~ @!ﬂ
%,
»

o |

Key
1 Cabinet
SOURCE| DGUVAnformation Akustik im Biiro, VBG Hamburg, 2012-09.
Figure 7 — Workroom and working position
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Table 2 — Variants of acoustic interventions and the effects

Sound absorbing
product

Absorbing ceiling

Vertical slat blinds

Y

Absorbing walls

Cabinet fronts

| &4

~

SPLindB(A) at the
specified workposition

628

578

62,2

58,9

622

60,0

57,5

559

55,7

53,8

Reverberation time in s
500 Hz
1000 Hz

1,5
1,0

0,5
0,4

Reduced SPL in dB(A)
at the specified

workposition

5,0

1,3
0,9

G
0,5

09
0,6

e

4,0

1,3
0,9

e
0,5

08
0,6

G|

2,8

0,5
0,4

g
5,2

0,4
0,3

7,0

0,4
0,3

7,1

0,3
0,3

9,0

JOURCE: DGUV Information Akustik im Biiro, VBG Hamburg, 2012-09.

The following example depicts a bigger room used for phone conversations, e.g. a call centre. An
dbsorbing ceiling cannot be used because of the chilled ceiling. Instead, baffles can be uded. The
lhminaires can be equipped with acoustic sails (Figure 8, Table 3). The lighting is installed pver the
workstations.

Key

1

Cabinets

SOURCE DGUV Information Akustik im Biiro, VBG Hamburg, 2012-09.
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Figure 8 — Multi-person workspace used for regular phone conversation
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Table 3 — Variants of acoustic interventions and the effects

¢ Vo V3 |v3.0.1f V5 |V5.0.1{v5.0.2| V3.1 | V5.1 |V5.1.1|V5.1.2

Absorbing

Cabinet fronts

Acoustic sails lighting

Screens 1,20 m high ,Q)V

SPLin dB(A) at the
specified workposition
Reverberation time in s

653 | 63,0 | 62,3 | 63,1 | 62,4 | 589 | 61,02 61,12| 60,23| 56,42

500 Hz 2,3 1,3 1,1 1,3 1,1 0,5

1000 Hz 14 | 08 | 07 | 1,0 | 08 | 04 |
Reduced SPL in dB(A) gl
at the specified - 331|140 | 3,2 | 39 74/ 52 52 161 |99
workposition

2 Estimated values

SOURCH: DGUV Information Akustik im Biiro, VBG Hamburg;2012-09.

Some elements of this intervention do not cause any negative effects (e.g. wall-to-wall carpet) whil
baffle ceilings require an additional height of the room. If this is not available, the room impressio
can suffpr. Also, the air circulation in the room can\suffer from the baffles, screens and sails. Absorbin
walls arld cabinet fronts limit the available coleuts for these surfaces. Once installed, the colours canngt
be chaniged without removing parts of thessurfaces. The screens inhibit visual contact between the
workerd. They also form an obstacle for_the’daylight. Usual forms of general lighting in regular rowgs
would spiffer somewhat when screens aretised.

T = (D

J

With m¢st of the variants, a comfertable acoustic environment through the technical measures is ngt
achievegl. The room for which two-different uses and the sound events are shown in Figure 5 can help
to evalulate the acoustic envirenment: the rating level for the general office use would exceed the basp
level of B7 dB(A) only by abeut 4 dB(A) to 5 dB(A). If the task includes often telephone conversations
the sound level is increased to about 55 dB(A). Using the same space (Table 3) for tasks where phon
convershtions dominate will result in sound levels of 65 dB(A) (without intervention) that can b
reduced by up to 10.dB(A) with a variety of interventions.

AL RN

Sound insulatien“in structural components means that the structural components (walls, ceiling
windowfs) sheuld be adequately insulated against structure- and airborne sound. Because of th

<

The requirements to be met by the sound 1nsu1at10n system can be selected in relatlon to the background
sound.
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Table 4 — Recommendations with regard to the sound insulation of structural components
for various office tasks and background noise levels (without activities and equipment) which
should not be exceeded

Type of activity

Acoustic recommendations insula-
tion and restrictions

Type of room

Level of background
noise

Lpeq dB(A)

Tasks with temporary
concentration, tasks

Good noise insulation from neighbour-
ing offices; very good verbal communi-

Single office with
normal user require-

35t040

: 11 Py
ULLASTUTIAITY TTPTUILIVE

catron

nrents

[asks with temporary
Concentration, tasks oc-
rasionally mechanized

Good noise insulation from neighbour-
ing work areas and adequate screening
from neighbouring workplaces; good
verbal communication

Multiple office with
normal user require-
ments

B5'to 45

[asks largely mecha-
hized

Adequate noise insulation from neigh-
bouring work areas and low screening
from neighbouring workplaces; limited
confidentiality, good verbal communi-

Multiple office with
low user requires
ments

40 to 45

cation
BOURCE: IS0 9241-6:1999, Table B.1.

3.2.3 Reverberation time

The reverberation time is an important characteristic for.any enclosed space. As can be segn from
Table 2 and Table 3, any intervention will affect it. For reasons of good verbal communication and
g
(

dequate “acoustic comfort”, the reverberation should’be as low as possible. A reverberation| time of
,5sto 1sinthe frequency range from 250 Hz to 4&kHz should be aimed for.

The maximum recommended reverberation time of a work environment depends on its volume|
dets out the maximum recommended times,d$’a function of room volume, see ISO 9241-6.

Table 5

Table 5 — Maximum reverberation time as a function of the room volume

Volume of room Maximum recommended reverberation time
S
m3 Conversational speech General purpose
50 n.s. n.s.
100 0,45 0,8
200 0,60 09
500 0,7 11
1000 0,8 1,2
2000 09 1,3

Key

h.s:not specified

5.3 Optimizing signal-to-noise ratio

5.3.1 General

The term signal-to-noise ratio is a concept from technical communication. The word "noise" in this
context does not refer to acoustics only. The signal-to-noise ratio is a measure used in science and
engineering that compares the level of the desired signal to the level of background noise. Signal-to-
noise ratio is defined as the ratio of signal power to noise power, often expressed in decibels. A ratio
higher than 1:1 (greater than 0 dB) indicates more signal than noise.
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The concept behind the term is depicted in Figure 9. It means the ratio of relevant to irrelevant
information in a communication channel (or an interface).

Y 3

Key

X  time

Y power

1 noisk floor

2 signpl-to-noise ratio
3 recejfived signal

Figure 9 — Principle of signal‘to-noise ratio

=}

The primary goal of considering signal-to-noise ratiq\is to judge or improve speech intelligibility. I
many cgses, the opposite goal, reducing speech intelligibility, is relevant, for example in open space. Th
contribytors to speech intelligibility in any given reom are shown in Figure 10.

1%

Background
noise level

Signal-to-noise
ratio

Reverberation
time

Speech
intelligibility

Room geometry

Figure 10 — Contributing factors to speech intelligibility

In a use anvironmant with 4 naico lavual Af AS ARIAY A hyaman unico wzith o lavual of 60 ARCAY (thonratic 1
YV O e e vy oo T oo E ey Er O O Do et o v O e e vy e o ey Er o oottt or e

assumption) will have a signal-to-noise ratio of +20 dB(A) near to the speaker and 0 dB(A) at a distance
of about 11 m (Figure 11).
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| NG T S G . V]

background noise level

Figure 11 — Signal-to-noise ratio for the human voice in rooms

3.3.2 Transmission paths for the voice-in use environments

The speaker’s voice as the desired sighal can reach the target, the ear of the intended listener, through
different paths. In face-to-face communication, the likeliest path is air. But communicatior] within
teams in bigger rooms (e.g. controlrooms) can require the use of technical means, even if both partners
dan see each other.

Ih many professional environments, the communication partner is located in another spade. Thus,
technical means such™as telephones, mobile phones or computer equipment need to be uped. For
theetings or conferénces, other type of equipment is used, the input and the output devices of which are
not located immédiately at the speaker or the listener. Mobile phones used in vehicles are alsq located
dt some distancefrom the user.

This means that human speech can be affected in various ways before it reaches its target. Thus, the
tiask of eonveying information from a speaker to a listener has many more facets (Figure 12).

Hora'given room geometry, the signal-to-noise ratio, the background noise level and the reverberation

o 4] 4 1 4+ foaaloo ot
T Al T LT TTIUST TUITVAIIU CUITILTI TOULUTL 5.

The concept of signal-to-noise ratio is valid if the transmission path is air only. A more general view is
given in Figure 12. While transmitting sound using technical means (Figure 12, middle), ambient sound
can affect both ends even if the microphone is located closely to the source (conventional telephone
handset, mobile phone, microphone of the headset) and the speaker is also closely located to the ear
(conventional telephone handset, mobile phone, speaker of the headset). In many uses, the technical
means to capture and reproduce speech are not or cannot be located near to the source or receiving end
of a transmission path (Figure 11, bottom). Thus, the ambient sound can affect both ends. This is the
case, for example, for conference systems or mobile phones used in cars.
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) ] e

()

The sinplest path is air between speaker and listener (top). For persen-to-person conversations, ambien{
sound dan affect the communication on both ends (middle) and\the features of the technical equipment

play a mpajor role. A communication many-to-many with sensors'and loudspeakers in some distance car
be affeqted in various ways (bottom).

NOTE

Their mgin purpose is to illustrate the range of situations which could be encountered in different interactiv
systems,and thereby help to identify the best matching situation and select the corresponding recommendefl

interven

5.3.3

For the
human s

The figures given here for the transmission paths are indicative only and not technology-specifi

M .

Fion solution.

Figure 12 — Transmission paths for human speech

[How the communication-is affected by unwanted sound

transmission path-air the factors in Figure 13 can contribute to the loss of intelligibility g
peech.
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N
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Lombard effect, change of level, pitch, fundamental tone, voice type
room characteristics, reverberation, reflections, etc.

unwanted sound, ambient noise, etc.

distance

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=ede53fb6e32bc8a56ad7ecb57107ecf9

ISO/TS 9241-620:2

5 hearing abilities

Figure 13 — Transmission path air

023(E)

Interventions to improve the intelligibility of speech are possible at each point, with somewhat different

success and using different means.

The communication using technical equipment can be affected at different points from the speaker to

t

1 2

w

L 5 6

_ NS
\— \No—

D E ek

Lombard effect
characteristics of the microphone, feedback loop for speech

1\

Key

unwanted sound, ambient noise, etc. at the source
characteristics of the transmission channel (e.g. bandwidth, signal-to-noise ratio, distortions)
unwanted sound, ambient noise, etc. at the receiving end

o (@xnl N LA D =

characteristics of the earphones, sound insulationyete:

=

[OTE Interface elements can include telephones, headsets and mobile phones.
Figure 14 — Transmission-path with interface elements near to the user

Ih use environments, there are‘different means with extremely different features, from a
phone (commercial bandwidth 300 Hz to 3 400 Hz) with poor microphone and speaker acousti
to a headset capable of transmitting the entire range of speech frequencies, connected to a c
network for which that(bandwidth is not a challenge. At the same time, the quality of the
C
1
C

hobile equipment is-used. In mobile networks, the user can lose control of the communication
ifferent mechanisms.

An even more complex picture is given if the interfaces of the communication system are not

dquipntent, the interface of which serves many persons (Figure 15).

"h point.

landline
quality
pbmputer
hcoustic

ommunication can fall well below that of landline phones of earlier times, at least temporarily when

through

located

immediately at the mouth or the ear of the user, i.e. using mobile phones in vehicles or comference
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Ny PN
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Lompbard effect
chaifacteristics of the room (e.g. reverberation), distance to the speakers

unwanted sound, ambient noise, etc. at the source, characteristics of the microphone
charjacteristics of the transmission channel (e.g. bandwidth, signal-to-noise ratio, distortions)
chatfacteristics of the loudspeaker, unwanted feedback loop, room characteristics

unwanted sound, ambient noise, etc. at the receiving end

N O U W e

distnce to the interface

Figure 15 — Transmission path with distant interface elements on both ends

5.3.4 [How to improve the intelligibility of speech

The intglligibility of human speech transmitted by air from asspeaker to the ear of a listener (Figure 13
can be improved by applying the possibilities of interventien shown in Table 6.

Table 6 — Recommended interventions to improve the intelligibility of speech for direct
communication

Item Possible interventions

Technical

— Reduce ambient noise level (see Table 2 and Table 3)

Lombarf effect
—{ Optimize reverberation time

Room characteristics < Adjust the layout of the immediate environment

— Same as the Lombard effect

Unwantpd sound — Reduceambientsound selectively in consideration of speech intelligibility

(frequency)

— Reduce distance between speaker and listener
Distanc¢
— Ifnot possible, consider using another transmission path

Organizational

— OSeparate groups with differentrequirements in the acoustic environment

Assignment of space (different space, activity-based assignment of space)

— Separate those work periods with different requirements in the acoustic

Assignment of tim ) : : L . . ;
ssignment of time environment (different time, activity- based assignment of time slices)

Personal
Training — Offer voice and speech training
Behaviour — Encourage mutual respect and understanding

For a technically mediated communication (e.g. telephone or equivalent means with interface elements
close to the mouth and ear of the users, transmission path, Figure 14), a bigger variety of technical
interventions exists (Table 7).
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Table 7 — Recommended interventions to improve the intelligibility of speech for technically

mediated communication

Item

Possible interventions

Technical

Lombard effect

Reduce ambient noise level (see Table 2 and Table 3)

Optimize reverberation time

Characteristics of the micro-

Select noise-cancelling microphone

bhone

Reduce feedback from speech

[Jnwanted sound

Same as the Lombard effect

Reduce ambient sound selectively in consideration of speéch intel
(frequency)

igibility

Characteristics of the transmis-
bion channel

Select wider bandwidth (“HD audio”)

Select other codec, e.g. wideband (7 kHz), super wideband (14 kHE) or full

bandwidth (20 kHz)

Jnwanted sound at the receiv-
ng end

Reduce ambient noise level

Reduce ambient sound selectively i1 consideration of speech intel
(frequency)

igibility

Characteristics of the ear-
bhones, sound insulation

Select wider bandwidth (7°kHz) or more
Select noise-cancelling equipment

Select better noige-attenuating equipment

Organizational

Assignment of time

Introduce~silent” time periods

Assignment of space

Allow telephone use in a separate space

Personal
[raining — <Offer voice and speech training
Behaviour —-/ Encourage mutual respect and understanding

ransmission path (Table 8).

Hor a technically mediated,"Communication with distant interface elements on both ends
dnd solutions (microphone; loudspeaker, Figure 15), different means can be used to impiove the
t

- goals

Table 8 — Reeommended interventions to improve the intelligibility of speech for techpically
mediated communication with distant interface elements

Item

Possible interventions

Technical

ombard effoct

Reduce ambient noise level (see Table 2 and Table 3)

Optimize reverberation time

Characteristics of the room (e.g.
reverberation), distance from
the speakers

Same as the Lombard effect

Change distance from the speakers
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