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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.
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Introduction

Open-plan office is a large and open office space where large number of occupants can simultaneously
work in well-defined workstations. Both flexible offices and activity-based offices often involve spaces
that resemble open-plan offices. Open working areas, which can be considered as open-plan offices, can
also be found in many libraries, hospital wards, industrial workplaces, and schools.

Noise and lack of speech privacy are among the largest contributors to environmental dissatisfaction
in open-plan offices[l]. Colleagues’ speech is the main source of office noise. Inadequate room acoustic

design of the office is one reason to the perceptlon of noise and lack of speech prlvacy Distraction due
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requlrlng cognitive resources. Insuff1c1ent speech prlvacy prevents confldentlal Co1

rbancel4l. According to Reference [4], many of the single-number quantities descr
dard are associated with the perceived noise disturbance in open-plan offices.

butcomes of this method describe the acoustic performance of the opensplan office in a st
ition where a single occupant is speaking with normal speech éffortl2l. The backgr
ed by building appliances or sound masking system is considered in the measurg
surements are conducted in an unoccupied open-plan offiee because the metho
pbermanent building properties and stable room acousti¢ ¢onditions as well as ISO
B382-2. The activity sound caused by the occupants do€s/not belong to the scope of th
ugh the level of activity sound can be significantly larger than the level of background

method uses omnidirectional sound source to previde reproducible results between m
ators. Furthermore, the speaking direction of eccupant in the office workstation is
vn nor constant in time. The use of directional sound sources would lead into diffe
feen measurement operators due to differént choices of source direction and source dif

Roo

acoustic quality can be affected by the amount and positioning of wall and ce
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Acoustics — Measurement of room acoustic parameters —

Part 3:
Open plan offices

1

This
opet]

cope

document specifies a method for the measurement of room acoustic parameters ‘in
-plan offices. It specifies measurement procedures, the apparatus needed, the‘coverag

the method for evaluating the data, and the presentation of the test report.

This
of ar

document describes a group of single-number quantities indicating thegoom acoustic p|
open-plan office in a condition when one person is speaking. They foeus’on spatial dec

while the quantities in ISO 3382-2 focus on temporal decay of sound.

2
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tran

IEC
IEC
[EC

For 1

ISO

Normative references

titutes requirements of this document. For dated teferences, only the edition cited

B382-1, Acoustics — Measurement of room acoustic parameters — Part 1: Performance sp)

K0268-16, Sound system equipment — Part 16: Objective rating of speech intelligibilit]
kmission index

h0942, Electroacoustics — Sound calibrators
b1260, Electroacoustics — Octave-band and fractional-octave-band filters

b1672-1, Electroacoustics-~=/Sound level meters — Part 1: Specifications

Terms and definitions
he purposes/ofithis document, the following terms and definitions apply.
ind [EC thaihtain terminological databases for use in standardization at the following a

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

unoccupied
re required,

erformance
y of speech

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

hpplies. For

ited references, the latest edition of the referencedidocument (including any amendmerts) applies.

aces

y by speech

ddresses:

3.1

hnFadlnll - 1. 111 Pl R LL 1 + 1 L
LU LICCLIUPCUIA. dvdlldDIC dU HLLPS. //W W W.EICELLIUOPEUILL.UL 5/

omnidirectional sound source

0SS

sound source which radiates sound evenly to all directions
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3.2

spatial decay rate of speech

D, s

rate of spatial decay of A-weighted sound pressure level (SPL) of speech per distance doubling in
decibels

Note 1 to entry: D, ¢ describes how fast the A-weighted SPL of speech attenuates in the open-plan office when the
distance to OSS increases. Large value means strong room acoustic attenuation. In free field, D, = 6 dB.

3.3
speech level at 4 m distance

Ly asa
prelgrillted SPL of speech in decibels at the distance of 4,0 m from the middle point of the OSS

Note 1 to enftry: Distance between nearby workstations is usually less than 4,0 m. Small value means sfrong
room acoustjc attenuation near the OSS.

3.4
comfort diftance
I'c
shortest digtance from the middle point of the OSS where the A-weighted SPL-0f speech is lower fhan
45 dB

Note 1 to enfry: Comfort distance reduces with increasing D, g and decreasing)L s s 4m-

3.5
background noise level
Ly
unwelghted SPL of background noise in decibels at theiworkstations along the measurement path
during working hours when occupants are absent

3.6
speech transmission index
STI
quantity depcribing the transmission quality-of speech from speaker to listener

Note 1 to enffry: STI is based on IEC 60268+16.

3.7
distraction distance
p
shortest didtance from thé middle point of the OSS where the STI is lower than 0,50

Note 1 to entfy: Distraetign distance reduces with decreasing r¢ and increasing L, 5. Smaller values are assocjated
with higher levels of Speech privacy. Annex A gives a psychological reasoning of dlstractlon distance.

3.8
workstatidn
furniture ensemble containing at least one chair and one table having a minimum size of 70 cm x 70 cm

Note 1 to entry: Workstation can also contain other components, such as table-mounted or floor-mounted
screens, storage units, display units, or luminaires.

3.9

sound masking system

centralized or networked electronic system used to produce spatially constant background sound in
the workstation area

2 © IS0 2022 - All rights reserved
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4 Measurement conditions
4.1 Equipment

4.1.1 Sound source, OSS shall be used in all measurements. The requirements given in 1SO 3382-1
for the OSS within 125 Hz to 4 000 Hz shall be fulfilled for measurements to be in accordance with this
document.

NOTE There are no requirements for the 8 000 Hz octave band.

b measured
ne shall be

4.1. Microphone, SPLs in each octave band and at each microphone position shall-b
using a sound level meter meeting the requirements of IEC 61672-1, class 1. The microph
omnfidirectional considering any supplementary equipment connected to it.

4.1.]
[EC

8 Analyser, the octave-band filters of the analyser or analysis software shall c
61260. If the signal is recorded, the recording device shall have the ¢haracteristics d

bmply with
escribed in

ISO 3382-1.
4.1.4 Calibrator, the acoustical sensitivity of the measurementisystem shall be checked using a
sourn]d calibrator that complies with IEC 60942. This is done both before and after each mpasurement

serig
betv
calil

s. The results of the calibration checks shall be documeénted. A difference of more than 0,5 dB
een calibration checks shall be an argument to repeat measurements. It is recommengled that the
ration is checked when batteries of the measurement €quipment or open-plan office is changed.

4.2 | Measurement procedure

4.2.1 Measurement conditions

Meapurements can be conducted in opendplan offices of any kind and with any configurati¢n of ceiling

absdg
scre
to th
repo

Back
wor]

rbers, wall absorbers, sound masking systems, floor coverings, fixed partitions, w
bns, storage units, and other furniture, whether they are fixed or mobile. The results af
e specified configuration which prevails during the measurement. Therefore, it is m
rt the abovementioned configurations along with the measurement results.

ground noise meang-all”’continuous or non-transient sounds, which are present duf
xing hours and are_ot caused by the occupants. Such sounds are, e.g., heating, vent

brkstations,
e valid only
hndatory to

ing normal
ilation, and

air (
elect

onditioning (HVAC] devices, environmental noise caused by sources outside the byilding, and
ronic sound masking system.

The [HVAC devices shall operate on the same power as during typical working hours. If the office is
equipped with a sound masking system, it shall be switched on during the measurenpent. Sound
masking shall operate at the same level and with the same spectrum as during typical working hours.
Adaptive masking systems can be tested separately for minimum and maximum levels.| Appliances
suc i Tpri ; eSS, i i j own if they
increase the background noise level in any measurement position. Windows and balcony doors shall
be closed. Occupants shall not be present in the workstations involving measurement positions or OSS.

If the table heights are electrically adjustable, the tabletop height shall be set to (75 = 5) cm from
the floor corresponding to the tabletop height of a sitting occupant. The setting shall be made in the
workstations located along the measurement path and in the workstation containing the OSS.

4.2.2 Acoustic zones and measurement paths

Acoustic zone means an area in the open-plan office, where the absorption treatment, room height, and
workstation layout are similar. Open-plan office can contain one or several acoustic zones. If the open-
plan office contains two or more acoustic zones, the measurements should be conducted in each of
them. Separate results are reported for each acoustic zone, where measurements have been conducted.

©1S0 2022 - All rights reserved 3


https://standardsiso.com/api/?name=8d8250dac2622d4620cb37d22e4408a5

ISO 3382-3:2022(E)

Atleast two separate measurement paths shall be used per acoustic zone. If only one measurement path
is possible in a zone, measurements shall be conducted in both directions along this measurement path.

4.2.3 Source and microphone positions

The measurements shall be conducted along a straightest possible path which crosses over
workstations, as shown in Figure 1.

Key
1
2

straight

measurement path

non-strgight measurement path

Figure 1 + Example of a straight and a non-straight measurement path in an open-plan off
where workstations and other furniture are present

(position of the,OSS is in the end of a path)

ce,

If the acous
higher than|
there is suc

tic zone contains high pieceof furniture (such as screens, dividers, or storage units b
1,20 m) between workstations, the measurement path should be chosen in such a way
h a high piece of furniture between the OSS and the first measurement position.

eing
that

The 0SS is |
a sitting oc
above the f
0,40 m. The
1,00 m. Dis

All workstg
number of

ocated at the werkstation at the end of the path. The OSS shall be located at the positi

oor. The distance between the middle point of the OSS and a nearest table shall be at
distancé between the middle point of the OSS and nearest wall of the room shall be at
repancy from this requirement shall be mentioned in the report.

tions along the measurement path shall be measured and considered in the analysis,

fupant’s headsin/a workstation. The middle point of the OSS shall be at the height of 1,2

bn of
Om
east
east

The

easurement positions on a path shall be at Ieast 1our. In other words, measure

ents

according to this standard are only possible if measurement path involves at least five consecutive
workstations. The preferred number of successive measurement positions on the path is six to ten.
Measurement positions locating farther than 16 m from OSS are not necessary, but they can facilitate
the determination of ry), if it is larger than 16 m.

The reference position shall be located at the distance of 1,00 m from the middle point of the OSS without
any separating obstacles, such as a screen, between the 0SS and the microphone. The reference position
can locate in another direction than the measurement path if an obstacle prevents the abovementioned
condition. The reference position is not a measurement position affecting the reported single-number
values. It enables a post check of the actual sound power level of the 0SS. The value at the reference
position can be shown in spatial decay curves of both A-weighted SPL of speech and STI to provide
additional information about the acoustic conditions at short conversation distance.

© IS0 2022 - All rights reserved
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The actual measurement positions, which affect the reported single-number values, shall be located at
workstations along the measurement path at the position of a sitting occupant’s head, which is 1,20 m
above the floor. Standing occupant is not considered in this document. The distance of the microphone
positions shall be at least 1,00 m from the nearest wall of the room. Discrepancy from this requirement
shall be mentioned in the report. Chairs are moved away from the workstations of the measurement
path during the measurements. The first measurement position shall be located at the workstation
nearest to the OSS.

It is possible that the measurements need to be conducted in an unfurnished open-plan office, where the
workstations and other furniture are absent, but the room surfaces and building services are otherwise
finished. This is necessary when the acoustic target values concern the unfurnished open-plan office.
In stich a case, the number of measurement paths per acoustic zone shall be the same as|above. The
meapurement positions shall be chosen using expected workstation distances. The) mpasurement
positions could be located, e.g., at distances 2,5 m, 5,0 m, 7,5 m, 10,0 m, 12,5 m, and 15,0-m frjom the OSS.
It shjould be noted that the room acoustic performance of an unfurnished open-plan offige is usually
worse than the performance of the furnished open-plan office.

In furnished flexible work areas without pre-defined workstations, the medsurement positipns shall be
chogen using expected workstation distances.

4.2.4 Measured quantities
At eyery measurement position, four measurements or deterpiinations are made:
— istance to the OSS disregarding the obstacles, r;

— hnweighted equivalent SPL of wide-band noise preduced by the OSS, L

p,0ss’

— pnweighted equivalent SPL of background ngise, L, 3;
— PBTL

The |[distance means the horizontal distance from the middle point of the OSS to the middle point of
the microphone. The accuracy of distance measurement shall be less than 0,10 m. Distancgs should be
basdd on physical measurements on Site. If the distance cannot be measured due to, e.g., @bstacles on
meapurement path, and the distanece must be based on layout drawings, the accuracy of these drawings
(open-plan office dimensions, furniture positions) shall be confirmed by physical measuremgnts on site.

Ly os and L, p shall be measured in octave bands from 125 Hz to 8 000 Hz. The integration time of

equifvalent § PL measuréments shall be at least 15 s.

5 PDetermindtion of single-number values

5.1 | Spéetrum of normal speech

The sound power level (SW1) of normal effort speech is used to determine the reported sinigle-number
values. The values represent normal effort unisex speech (average of female and male speech). The
octave band SPL at a distance of 1,0 m from the middle point of the OSS in the free field, L, g 1, ¢ is
presented in Table 1. The SWL of normal effort speech is related to the SPL of speech at the dlstance of
1,0 m in free field by Ly g = L, 5 1m ¢ + 11 dB. Since the OSS is used in all measurements, the SPL at the
distance of 1,0 m from the OSS represent the average sound radiation in all directions from the OSS.

5.2 Spatial decay rate of speech

5.2.1 Conventional method

The conventional method is based on the measurements of SPL produced by the calibrated OSS
(abbreviated by “oss” in related subindices). The SWL of the OSS producing wide-band noise, Ly o

© IS0 2022 - All rights reserved 5
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shall be sufficiently high in each octave band so that the SPL exceeds the background noise level at least
by 6 dB at the most distant measurement position. Ly, ., needs to be usually greater than Ly, s of Table 1
to fulfil this requirement. The spectrum shape of Ly ., needs not to follow the shape of Ly s in Table 1.

Ly oss 1s determined beforehand using a measurement standard having at least engineering grade
accuracy. An overview of appropriate methods is given in ISO 3740[8l. The determination shall be made
using the specified SWL which is planned to be applied in the open-plan office. The calibrated value of
Ly oss is associated with specific settings of all apparatus related to the OSS.

Table 1 — Unweighted SPL of directional and omnidirectional speech at 1,0 m distance from the

sound source in free field and the corresponding SWL of speech
(A-weighting is needed in Formula (5))

Band No Frequency SPL of speech SPL of speech SWL of speech Asweighting
directional omnidirectional
i f Ly sim,fra Ly smf Lw,s A
Hz dB re 20 pPa dBre 20 uPa dBre 1 pW- dB

1 125 51,2 49,9 60,9 -16,1

2 250 57,2 54,3 65,3 -8,6

3 500 59,8 58,0 69,0 -3,2

4 1000 53,5 52,0 63,0 0,0

5 2000 48,8 44,8 55,8 1,2

6 4000 43,8 38,8 49,8 1,0

7 8000 38,6 33,5 44,5 -1,1

A-weighted 59,5 57,4 68,4

NOTE The|SPL of directional speech within 250 Hz to 8 000 H<-is based on ANSI S3.5[2l. The value at 125 Hz has peen
chosen to be ¢ dB smaller than the value at 250 Hz. The SPL of emnidirectional speech is derived in Reference [10] assuming
the directivify pattern of speech reported in Reference [11]:"Both directional and omnidirectional sources producg¢ the
same SWL.

The SPL at p distance of 1,0 m from the middle point of the 0SS in free field, L is calculated

. p,0ss,1m,ff’
according tp Formula (1):

Lppﬁj_mmi:LWLm&,+10-mg10( JdeL“hmsi_lldB €y

41x1,02

where

Ly oss|i 1s the calibrated SWL of the OSS in octave bands;
i denetes the octave band.

In an open-plan office, the calibrated 0SS is placed in a selected source position and the SPL producdd by
the calibrated OSS, L, . p » Is determined in the N measurement positions located on the measurement
path. The attenuatlon D, [dB] of wide-band noise at the considered measurement position n at distance

r,is determined by ormulatZi

Dy i =Ly oss 1 myfti —Lp,ossn,i (2)
where
L, oss,1m 1S the background-noise corrected SPL of the 0SS at 1,0 m distance in free field according
to Formula (1), dB;
Ly oss,ni  is the measured SPL produced by the OSS at position n;

6 © IS0 2022 - All rights reserved
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Background noise corrected SPL of the OSS is determined according to Formula (3):

_1010g1(10%”mﬂ° 10LPBﬂ°)dB

p 0ss

where
Lp,OSS is the background noise corrected SPL of OSS, dB;
L,g isthe SPL of background noise (0SS is off), dB;

3:2022(E)

3

“p,tot lb LllU IHICdSUI cu .)I’L WlllLll lb d SUpcl pUblLlUll Ul Ud(.l&gl Uuuu llUlbﬁ dllu Wlut! Udll

duced by the 0SS, dB.

IfL
be r¢

plot = Lp,g < 6 dB, the SWL of the OSS shall be increased, the sound power calibration of t
’peated using a louder level, and the measurements in the open-plan office shall’be repg

The

sour
SWI
Forn

D, ; values are valid for any other SWL of the 0SS. Because speech is the most preva
d in occupied open-plan offices, it is justified that the attenuationvakdes D, ; are ap
of speech. The SPL of normal effort speech, L in measurement position n is cg

hula (4):

Lp,S,n,i = Lp,S,lm,ff,i - Dn,i

p,S,n,i»

whefe L, 1 ¢ is the SPL of normal speech (S) in a free field-at 1 m distance from the OSS,

The
The

determination of the SPL of speech at a single measurement position n is demonstrated
pverall A-weighted SPL of speech in position n, Ly, s , [dB], is determined by Formula

Lo sn,it4

10

7

Lp,A,S,n = 10 . 10g10 210
i=1

dB

where 4; is the A-weighting of octavé band i shown in Table 1.

The
2 m
pres
be e
igno

value of D, ¢ [dB] is determined from the measurement results of L, s obtained at dist
entations. If the last measurement position is close to a reflecting wall, the SPL and STI

evated. If the level isshigher than in the second last position, the last measurement pos
red. The value of-Dygis determined using the least squares method as given in Formula

Sl Sl

n=1

n
to 16 m from the 0SS. A logarithmic distance axis and linear regression shall be useji

l noise pro-

he OSS shall
ated.

lent type of
plied to the
lculated by

(4)

tee Table 1.

in Figure 2.
b):

(5)

ces within
in graphic
values may
ition can be

| (6):

D, s ==10g10(2)- . 5 dB (6)
N'z“(’gm( ﬂ [y 10810( ﬂ
=il U0 0 [ (o /]
where
N isthe total number of measurement positions within distance range 2 m to 16 m;
r, isthedistance from the middle point of OSS to the measurement position n, [m];
ro isaconstantreference distance, ry=1,0 m.
The determination of D, g is presented graphically in Figure 3 a).
©1S0 2022 - All rights reserved 7
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5.2.2 Impulse response method

Impulse regponse method (see Anne%-B) can be applied instead of the
measurement apparatus shall still meet the requirements specified in 4.1.

5.3 Speerhlevel at 4 m distance

125 250 500 1000 2000 4000 8000 f

Figure 2 — Determination of the SPL of speech in measurement position n
(the[attenuation D, between —a— and —a—is the same as between —e— and —o—)

conventional method.| The

Ly a,s,4m is letermined using a linear regression line from the spatial decay of the A-weighted SPL of
speech basg¢d on measufement positions within 2 m to 16 m from the middle point of the OSS|(see

Figure 3 a).[The valuge'is determined according to Formula (7)

1\ 1 r,
Lonsan 25 Z Loasn+D2s 2 log; i (7)
n=1 n=1
NOTE None of the measurement positions needs to locate precisely at 4 m distance from the OSS.
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4) Determination of D), L, 5 5 4, and r¢. b) Determination of ry,.
Linear fitting includes the positions Linear fitting includes all positions
within 2 m to 16 m from the 0SS located beyond 1 m from the 0SS
Key
Lp, Ad overall A-weighted SPL of speech, dB re comfort distance, m
r distance to the 0SS, m STI  speech transmission index
Dy spatial decay rate of speech, dB Iy distraction distance, m

Lyasam A-weighted SPL of speech at4,0 m, dB

Figure 3 — Values from spatial decay curves (measured values are shown by cir¢les)

5.4 | Background noise level

The background noise level is measured at each measurement position in octave bands from 125 to
8 000 Hz. The average SPL of background noise at the measurement positions of the path is determined
in o¢tave bands. The average SPL is used in the determination of STI. The average A-weighted SPL of
background noise at the measurement positions, L, x5, and the related standard deviation are reported.

5.5 Speech transmission index

The STI shall be determined according to IEC 60268-16 for each measurement position. The 0SS shall
be used to produce the test sound. The indirect method shall be used where the modulation transfer
functions between source and receiver are measured. The octave band weighting factors a (STI
weighting factor) and f (redundancy factor) for male gender shall be used. The reason of using male
gender is that SPL for 125 Hz octave band is not available for female voice but both genders can be
present in offices.

The STI values shall be adjusted for the influence of the background noise level in each position. The
background noise level averaged over every measurement position of the measurement path shall be
used instead of position-dependent background noise levels. Spatial variation of background noise level

©1S0 2022 - All rights reserved 9
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along the measurement path can increase direction-dependent differences of rp and this situation is

avoided by taking the average over the measurement positions.

STIPA (speech transmission index for public address systems) shall not be used to replace
measurements.

5.6 Comfort distance and distraction distance

STI

This document defines two single-number quantities which both have a unit of meter: comfort distance

and distraction distance.

Comfort diftance describes the effect of spatial attenuation in the office without paying attentign to
speech priyacy, background noise level, or sound masking. Comfort distance, r; [m], is detérmfined

using Formjila (8)[12]:

re = Z(LI AS4m—45+2Dy5) /Dy

If L, o s is Helow 45 dB at the first measurement position (the nearest workstation to the 0SS),

determined by extrapolation and it shall be stated to be smaller than the distdance from the 0SS tir the
il

first measurement position. This situation is possible in an open-plan offie having very high ce
large sound absorption, and high screens between workstations. If L 5is above 45 dB even iy
remotest measurement position, r¢ is determined by extrapolation.dnd it shall be stated to be 13
than the distance from the OSS to the remotest measurement position. This situation is possible
very reverberant open-plan office.

Distraction|distance, r [m], is a predictor of the objectivespeech privacy of the open-plan offi
considers both spatial attenuation and background noise\lével. The justification of rp is explaing
Annex A. Distraction distance is determined by plotting;the STI as a function of the linear distan
the 0SS as shown in Figure 3b. All measurement positions are used for the regression line excep

(8)
rc is

ing,
the
rger
in a

re. It
d in
Ce to
[ the

reference ppsition at 1,0 m distance. According to*Reference [12], r, is usually shorter than 16 m apd it

can be detefmined using interpolation.

If STI < 0,50 at the first measurement position (the nearest workstation to the OSS), rp, is statg
be smaller than the distance from the ‘0SS to the nearest measurement position. If STI > 0,50
in the remdtest measurement positiony 'y, is reported to be larger than the distance from the Of
the remotept measurement positién) In both cases, the exact value of r shall be determined y
extrapolatipn.

5.7 Typi¢al single-number values

Examples of typical single-number values are shown in Annex C.

6 Precigion

d to
pven
S to
sing

Precision of the single-number values is described in Annex D.

7 Testreport

The test report shall include the following information:

a) A statement that the measurements were made in conformity with this document,

ISO 3382-3:2022;

b) Address of the building and the location of the open-plan office in the building;

i.e.

c) A sketch of the plan and furniture layout, with an indication of the acoustic zones, and their

horizontal and vertical dimensions;

10 © IS0 2022 - All rights reserved
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d) A description of the furniture which affect the propagation of sound, such as screen heights and
storage unit height. If the screens are fixed to the table, the screen height during the measurement
shall be reported. If the workstations and other furniture are absent, it shall be stated;

e) Condition of the open-plan office during the measurement (number of persons present, operation
of HVAC systems, operation, and setting of sound masking system, background noise conditions);

f) Description of floor, wall, and ceiling finishes regarding their coarse sound absorption properties;

g) A detailed description of the sound signals, signal generator, OSS with directivity characteristics,
microphones, analyzers, recorders, and the calibrator;

h) Positions of the OSS and microphones on the plan, including screens and storage units hetween the
PSS and the microphone;

i) A statement that the height of both microphone and middle point of the OSS was 1,2 m;

j) Measured single-number values of Table 2 for each acoustic zone (named/byA, B, C, etc.) rounded to
pne decimal;

k) Pppatial distribution curves as shown in Figure 3, based on the values of L, 5 s, L, o p,[and STI for
pach measurement position;

1) Measurement date and names of the measuring organization‘and measurement staff;

m) Precision expressed using either the data of Annex D orianother estimation if it is publicly available.

Table 2 — Single-number values to be reported for¥ each acoustic zone of an open-plan office

Single-number guantity Zone A

Distfaction distance, rp, in m

Spatfial decay rate of A-weighted SPL of speech;\D; , in dB

A-weighted SPL of speech at 4,0 metres, Lp,A,SA-m' in dB

Conffort distance, r¢, in m

Avetage and standard deviation of Asweighted SPL of background noise over the measurement
posifions within the acoustic zofey L, , g, in dB

NOTE  Within each acoustic zone/ the reported value is the mean of the values of all paths measured within|that acoustic
zone} If the acoustic zone contains only one measurement path, the reported value is the mean of the two vaJues obtained
frony the opposite directionts'along the same measurement path.

©1S0 2022 - All rights reserved 11
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Annex A
(informative)

Psychological reasoning of distraction distance

Noise in an open-plan office consists of, e.g., speech and laughter, phone ringing tones, footsteps,

ventilation

noise, external noise, a

liance noises, and cleaning noises. According to field studies,

speech is the most annoying and the loudest sound source. Although open-plan offices are primprily

designed fo
concentrati
irrelevant b
confidentia
speech inte

The effect ¢
laboratory
performang
Cognitively
memory.

The room §
speaker ang
presented 4§
performang
and presen
dependent
begin to va
defined to

interactive work, they are often applied for any kinds of work types. If the workreq

ut intelligible speech can be distracting and may deteriorate work performanceyIn addi
conversations can be impossible to carry out in open-plan offices. In sueh |situations
ligibility, i.e., high speech privacy, between workstations is desirable.

firrelevant speech on cognitive performance has been studied in-numerous psycholo
experimentsl2l[3]. Perfectly intelligible speech (STI > 0,50), significantly reduces
e of cognitively demanding tasks compared to a situation whenspeech is absent (STI1 = ()
demanding tasks include, e.g., verbal, or mathematical tagks requiring the use of wor

coustic quality (affected by factors listed in Introduetion) and the distance betweer
the listener cause the STI to vary a lot within the saine open-plan officel2][6lIZ], Referend

e and STI. Later review of experimental datal3] supported the model of Referencg
fed strong scientific evidence that performance in short-term memory tasks is strg
bn STI (Figure A.1). It shows that the adverse effects of irrelevant speech on perform
hish rapidly when the STI falls below, 0,50. Therefore, the distraction distance rp has
e the distance from the speaker where STI falls below 0,50.

Y
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pbn and cognitive resources instead of communication or routine work, surrounding

ion,
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.00).
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model, which suggested that there is an assoc¢iation between the reduction of cognfitive

(2]
ngly
ance
been

Key
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ransmission index, STI
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Figure A.1 — Effect of STI of irrelevant speech on cognitive performancel3l
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Alternative methods for determining the spatial decay rate

[SO 3382-1 allows alternative methods to measure impulse response (IR) of a room according to
I1SO 18233[13], For example, sine sweep, or maximum length sequence (MLS) may be used a

s excitation

sign
sign

obtalined from the measured response to the excitation by deconvolution. An exponéntial

whe
trad

bl to determine the IR. These methods typically require a computer that producesth
hl and records the measurement signal from the microphone. With sine sweep exeitati

Fe the frequency increases exponentially with time, is used since it correspondsito pink
tional method. The sweep frequency shall range from 80 Hz to 12 500 Hz &0 include th{

e excitation
on, the IR is
sine sweep,
noise in the
e full octave

bands 125 Hz to 8 000 Hz. ISO 3382-1 determines a room acoustic quantity-.sound strength} G, as given
in Fqrmula (B.1):
)
i oPri (t)dt
i =10-logqg | —— dB=Lyg ;i — Lok 101 (B.1)

J.OP%OJ (t)de

where
i is the index of the octave band;
t is the time, in s;
p.;(¢) istheinstantaneoussound pre§Sure of the IR at the distance rin the open-plan pffice, in Pa;
P10 (£) isthe instantaneous sounid-pressure of the IR at the distance of 10 m in a free field, in Pa.

Sound pressure exposure level (SPEL) ata distance r, L
offide at the distance r [m] accotfiding to Formula (B.2):
2
J‘ pr,i (t)dt
Ty

1
0 bo

fe po = 20 pPayand T = 1 s. Correspondingly, SPEL at 10 m distance, Ly 1om, g5 dependls on the IR
sured at 10im*distance in free field as given in Formula (B.3):

pE,» depends on the IR measured in the open-plan

oo

(B.2)

whe
mea

oo

2
1 [ Plom,i (t)dt
Lok tom ff,i = 1010g1g —J‘# dB (B.3)
To o Pg _

The moment t = 0 corresponds to the time when the direct sound arrives and moment t=oco corresponds
to a time that is greater than or equal to the point where the SPL has decreased by 30 dB.

Calibration means that the value of L 1, is determined for the whole measurement system including
their settings. That is, the calibration concerns not only the 0SS, which is the case with the conventional
method, but the whole measurement chain, which consists of 0SS, amplifier with specific volume
settings, microphone, microphone amplifier, microphone input sensitivity, sound card settings,
and input and output settings of the measurement software. ISO 3382-1 presents two alternative
environments for the calibration of the sound source: anechoic room (free field) or reverberation room
(diffuse field).

The calibration in the reverberation room is presented in the following. When the devices and their

settings have been chosen, L, . is measured in the reverberation room in at least six measurement
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